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INTRODUCTION 

Heart attack is medically termed as Myocardial infarction. It happens when blood stops 

flowing properly to part of the heart. Formation of the blood clot may sometimes block the 

blood flow causing myocardial infarction and stroke (Deepak et al., 2010). 

Fibrin is the main protein component of the blood clot, and it is normally formed from 

fibrinogen by the action of thrombin (Xiao, et al., 2004; Yong et al., 2001). Equilibrium in 

clot formation and its dissolution is necessary in order to maintain the blood flow correctly. 

(Bajzar, et al., 1996). Fibrinolytic therapy is used to achieve the most important objective in 

patients with an acute myocardial infarction, to open quickly the coronary flow after the 

occurrence of an acute coronary occlusion. At this time, the external supplement will be very 

much useful in saving an individual from mortality and morbidity,(Joeng et al., 2007). 

Microbial fibrinolytic enzymes are agents that dissolve fibrin clots and 

haveconsiderable potential to be developed into thrombolytic agents (peng, et al., 2005). The 

fibrinolytic enzymes were successively discovered from different microorganisms, the most 

important among is the genus Bacillus from traditional fermented foods (Batomunkueva and 

Egorov, 2001; Tough, 2005). 
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A novel extracellular enzyme with strong fibrinolytic activity, produced 

by Bacillus subtilis Egy, which was isolated from the Egyptian soil was 

purified and characterized. The enzyme was secreted by cultured B. subtilis 

Egy under solid state fermentation and purified 21.5 purification fold using 

precipitation by ammonium sulphate followed by ion exchange 

chromatography, and gel filtration on Sephadex G- 100 chromatography. 
Purified enzyme showed optimum activity at 50

o
Creaction temperature and 

pH 8. Enzyme stability studies revealed that the enzymeis stable up to 30 °C 

and it retained 80% of its activity at 40
o
C.In addition, the purified enzyme is 

stable at pH 8-9. The fibrinolytic activity was enhanced by Mn
2+,

Cu
2+

, Ca
2+

, 

Na
+
,  and Ba

2+
 and inhibited by, Zn

2+
, and Hg

2+
. Moreover, the activity was 

decreased by EDTA and PMSF at 2 mM final  concentration. 
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Bacillus subtilis produces a variety of 

extracellular and intracellular proteases 

including nattokinase (Nakamura, et al., 

1992). The fibrinolytic enzymes from 

Bacillus spp. have attracted interest as 

thrombolytic agents because of their 

efficiency in the fibrinolytic process 

including plasmin activation.  

In the literature, fibrinolytic enzymes 

were purified by Tien et al. (2000) for an 

enzyme produced by a mutant of Bacillus 

subtilis IMR-NK1, Wang et al. (2008) for an 

enzyme produced by Bacillus subtilis LD-8, 

Cong et al. (2009)  for an enzyme produced 

by  Bacillus subtilis natto B-12, Agrebi et al. 

(2010) of fibrinolytic enzymes by a newly 

isolated Bacillus amyloliquefaciens An6, 

Deepak et al. (2010) by B. cereus NK1, 

Matselyukh et al. (2012) by Bacillus 

thuringiensis IMB B-7324, Bajaj et al.(2014) 

by Bacillus subtilis I-2, Biji et al. (2016) by 

Bacillus cereus IND5, and more recently by 

Xin et al., (2018) by Bacillus tequilensis. 

In this study, we report purification 

and characterization of potent fibrinolytic 

enzyme produced by a newly isolated 

Bacillus subtilis Egy. 

 

MATERIALS AND METHODS 

Substrates Chemicals and Reagents: 

Fibrin was obtained from bovine blood 

from MP Biomedicals, LLC. Germany. L-

tyrosine was obtained from BDH. England. 

DEAE Cellulose was obtained from 

Pharmacia, Sweden. It was used an ion 

exchange matrix for enzyme 

purification.Sephadex, gel filtration material 

was obtained from pharmacia, Biotech., 

Uppsala, Sweden. Folin and ciocalteu`s 

phenol reagent was obtained from BDH 

limited pool, England.All other chemicals 

are of analytical grade. 

Fibrinolytic Enzyme Production 

Fibrinolytic enzyme was produced by 

solid-state fermentation technique in 250 ml 

conical flasks. Ten grams of wheat bran with 

fodder yeast as a nutrient substrate (3.6% 

final concentration) were sterilized at 121
o
C 

for 20 minutes. After inoculation with the 

newly isolated Bacillus subtilis Egy. 

(moisture content 50%), the flasks were 

incubated at 30
o
C for five days. After the 

incubation period, the enzyme was extracted 

by weighing one gram of fermented culture 

in 10 mL of dist. Water and subjected it to 

shaking at 125 rpm for 1hr. Then the liquid 

enzyme was centrifuged at 4000 rpm for 20 

minutes and the supernatant was used as the 

crude enzyme.  

Assay of Enzyme Activity and Protein 

Content. 

Fibrinolytic activity was determined by 

using fibrin as the substrate according to the 

method of Raafat etal. (2012) with minor 

modifications. Assay mixture containing 0.5 

mL of appropriately diluted enzyme and 0.5 

mL of Tris –HCl buffer (0.2 M, pH 8.0) in a 

test tube containing 10 mg fibrin was 

incubated at 40°C for 30 min. The reaction 

was stopped with 1.0 mL of trichloroacetic 

acid (TCA, 10%, w/v), and contents were 

centrifuged (4000 rpm for 10 min at 4°C), 

and the supernatant was subjected to color 

reaction using Folinciocalteu
" 

s phenol 

reagent.  Optical Density was measured at 

650 nm with L-tyrosine as a standard curve. 

One unit of enzyme activity was defined as 

the amount of enzyme required to release 1 

µg of L-tyrosine from fibrin per min under 

assay conditions.  

Purification of the Fibrinolytic Enzyme: 
Fibrinolytic enzyme produced by 

Bacillus subtilis Egy. By solid-state 

fermentation was subjected to purification 

scheme. All steps were conducted under 4
o
C. 

The extracted enzyme (1g fermented culture 

in 10 mL dist. Water) was employed to 

ammonium sulphate  precipitation. The 

precipitate (30- 60% w/v)formed was 

centrifuged at 4000 rpm for 20 min and the 

precipitate obtained was dissolved in 

minimum amount of 50 mMTris-HCl buffer, 

pH 8.0. The darkbrown solution thus 

obtained was dialyzed at 4
o
 C for 24-48 h 

against 10 mMTris-HCl buffer, pH 8.0.The 

dialyzed partially purified enzyme was 

applied to two chromatographic purification 
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columns namely ion exchange chroma-

tography and gel filtration chromatography. 

Ion Exchange Chromatography:  
          DEAE Cellulose (Pharmacia, Sweden) 

was used for anion exchange in column (bed 

dimension 2.4 x 30 cm), which was 

equilibrated with 10 mMTris-HCl buffer, pH 

8.0. The column was injected by the 

dialyzedammonium sulphate fraction (3 

mL/run). Elution was carried out in a step-

wise manner at a flow rate of 2 mL/ min at 

regular intervals (4 min/fraction).  The first 

step of elution was carried out with the 

column buffer containing 0.1 M NaCl, the 

second elution was with the same buffer 

containing 0.5 M NaCl and the third elution 

was with the same buffer containing 1 M 

NaCl. All the individual fractions were 

analyzed for fibrinolytic activity on fibrin as 

a substrate. The active fractions obtained 

after anion exchange chromatography was 

further purified by gel filtration 

chromatography. 

Gel Filtration Chromatography: 

Sephadex G- 100 (Pharmacia, Sweden) 

was used for gel filtration chromatography. 

A column (2.4 X 45 cm) was equilibrated 

with 50 mMTris-HCl buffer, pH, 8.0. The 

active fractionsfrom the first column were 

injected into this column (3 mL/run) and 

eluted with the same buffer. Fractions were 

collected at the flow rate of 2 mL/min at 

regular intervals (4 min/fraction). Column 

operation and monitoring were similar to that 

described under ion-exchange 

chromatography. 

Effects of pH, and Temperature on 

Enzyme Activity: 

The effect of pH on the activity of the 

purified enzyme was determined at 37
o
C and 

various pH values, from 5 to 9. Various 

buffers at a concentration of 50 mM in the 

reactions were used namely citric acid buffer 

(pH 5-6), phosphate buffer (pH 5-7), Tris 

buffer (pH 7-9), and sodium carbonate buffer 

(pH 9-12).  The effect of temperature on the 

purified enzyme activity was determined at 

the temperatures 30, 40, 50, 60, 70, or 80
o
C 

in 50 mM Tris- HClbuffer (pH 8).  

 

Effects of pH and Temperature on 

Enzyme Stability: 

 The effect of pH on the stability of the 

purified enzyme solution was carried out by 

incubating the enzyme solution in 50 mM 

various buffers with pH from 5 to 9, as 

described above.  The residual fribrinolytic 

activity was analyzed after 30 min.  The 

thermal stability of the purified enzyme 

solution was evaluated by measuring the 

residual enzyme activity after incubation of 

enzyme solution (in 50 mMTris buffer, pH 

8) at various temperatures (20, 30, 40, 50, 

60, 70 and 80
o
C) for 10 min.  

Effects of Metal Ions and Inhibitors on 

Enzyme Activity: 

 The effects of mono-, di- and trivalent 

metal ions, and inhibitors on the enzyme 

activity were carried out by pre- incubating 

the enzyme solution with the chemicals of 

KCl, NaCl, MgCl2, CuSO4, CaCl2, ZnCl2 and 

FeCl3, and the inhibitors of EDTA, L-

cysteine, PMSF and 2-Mercabtoethanol at a 

concentration of 2 mM in 50 mM Tris-HCl 

buffer (pH 8.0) at 40
o
C for 30 min.  The 

fibrinolytic activity of the enzyme solution at 

each incubation condition was assayed. The 

relative activity was expressed as a 

percentage of the original enzyme activity 

without any effectors.  

Determination Soluble Protein:  

Throughout this work, the soluble 

protein of crude enzyme preparation was 

determined according to Ohnistti and Barr 

(1978). 

The protein in the purified enzyme was 

determined by U.V. absorbance technique at 

280nm. 

 

RESULTS AND DISCUSSION 

Purification of Fibrinolytic Enzyme 

Produced by Bacillus subtilis Egy.  

Three-step purification scheme was 

applied to purify the enzyme under study. 

The crude culture extract of the bacterial 

culture on 3.6% fodder yeast under solid-

state fermentation conditions was firstly 

partially purified by salting out with 

ammonium sulphate (30-60% saturation). 

Under these conditions, specificactivity 
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reached 231.7 U/mg protein and yield 

recovery 35.6%.  

After dialysis against 50 mM Tris-HCl 

buffer pH 8.0 overnight, this partially 

purified enzyme was applied to the ion 

exchange column on DEAE cellulose. 45 

fractions were collected using Tris-HCl 

buffer, sodium chloride eluting solution. The 

results are graphically illustrated in Fig (1): 

The enzyme was successfully eluted at 

fraction 11 &12. These two fractions were 

collected from several runs, pooled and 

applied to the third purification step (Gel 

filtration on Sephadex G-100). As shown in 

Fig (2), the enzyme was effectively eluted in 

fraction 9 and 10 with specific activity of 

1270 U/mg protein and yield recovery of 

5.26%. The overall purification scheme, 

purification steps, purification folds and 

percentage of yield recovery are presented in 

Table (1). Accordingly, the fibrinolytic 

enzyme of Bacillus subtilis Egy. was purified 

21.5 times with final yield recovery of 

5.26%. Cong et al.(2009) produced 

nattokinase from isolated Bacillus subtilis 

nattoB-12, the enzyme was purified to 56.1-

fold, with a recovery of 43.2% of the initial 

activity. Kotb (2014) reported that 

purification scheme increased the fibrinolytic 

activity 443.5-fold with a yield recovery of 

17%. Bajaj et al.(2014) studied the 

production of fibrinolytic protease from 

Bacillus subtilis I-2. Ammonium sulfate 

precipitation and DEAE Sephadex 

chromatography resulted in 4.8-fold 

purification of protease. 

 

Table 1: Purification scheme, steps and yield recoveryof the fibrinolytic enzyme produced by 

Bacillus Subtilis Egy. 
Purification 

Steps 

Total 

Activity(U) 

Total 

Protein(mg) 

Specific 

Activity(U/mgprotein) 

Yield 

% 

Purification 

Fold 

Crude culture 

filtrate 

2050 34.8 58.9 100 1 

30-60% 

Amm.sulphate 

730 3.15 231.7 35.6 3.93 

DEAG-cellulose 141 0.35 402 6.87 6.82 

Sephadex G-100 108 0.085 1270 5.26 21.5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 1: Ion exchange chromatography of amm. sulphate precipitated fraction (30-60%) fibrinolytic 

enzyme of Bacillus subtilis Egy. on DEAE cellulose (The black arrow points at the peak of 
fractions with fibrinolytic activity).  
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Fig. 2: Gel filtration of fractions (11, 12) of ion exchange chromatography on Sephadex G-100. (The black 

arrow points at the peak of fractions with fibrinolytic activity). 

 

Properties and Kinetics of Purified 

Fibrinolytic Enzyme of Bacillus subtilis 

Egy.  

Temperature Profile of Purified 

Fibriolytic Enzyme  

Thermal stability and effect of 

different reaction temperatures are presented 

in Fig (3). 

The fibrinolytic activity of the purified 

enzyme of Bacillus subtilis Egy after heating 

in water bath sets at different temperatures 

was recorded.  

It is clear that the purified enzyme is 

heat stable upon   heating to 30
o
C without 

apparent loss of activity. However, heating 

the enzyme at 60
o
C for 15 minutes 

drastically reduced the activity whereas total 

denaturation of the enzyme was evident at 

higher temperatures. 

 

 
 
Fig. 3: Thermal stability and effect of different incubation temperatures on activity of purified fibrinolytic 

enzyme.   

 

On the other hand the fibrinolytic 

activity of the purified enzyme of Bacillus 

subtilis Egy was measured at different 

reaction temperatures between 20
o
C and 

80
o
C under standard reaction conditions. The 

results revealed that purified enzyme activity 

increased progressively with incubation 

reaction temperature up to 50
o
C. At higher 

reaction temperatures, a notable decrease in 

enzyme activity was evident. Kotb (2014) 

found that maximal activity was attained at a 

temperature of 40
o
C while, Wang et al. 
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(2008) reported that the optimal temperature 

of fibrinolytic enzyme was 50
o
C Cong et al. 

(2009) Biji et al. (2016) also purified the 

fibrinolytic enzyme that was highly active at 

50
o
C, which agrees with our results. 

Vijayara-ghavan et al. (2016) reported that 

the fibrinolytic enzyme optimal temperature 

was 60
o
C and was stable up to 50

o
C. 

Matselyukh et al. (2012) purified fibrinolytic 

enzyme of Bacillus thuringiensis IMB B-

7324 with optimal temperature was 50
o
C. 

Effect of pH Value and pH Stability on 

Purified Fibrinolytic Enzyme Activity. 

Fig. 4: shows the enzyme activity 

detected upon buffering reaction mixture 

with phosphate, Tris-HCl and Carbonate -

bicarbonate buffers at pH range between 5.0 

to 10.0. Our results recorded that the highest 

fibrinolytic activity takes place at pH 8.0. 

The results also showed that the purified 

enzyme is pH stable in the range ofpH 8-9 

while, less residual activity is recorded at pH 

10. Kotb (2014) found that maximal activity 

was attained at a pH of 8.0, the same 

reported by Wang et al. (2008). Biji et al. 

(2016) investigated that purified fibrinolytic 

enzyme was stable at pH 8.0, the previous 

studies are in agreement with our results. 

Vijayara-ghavan et al. (2016) reported that 

the fibrinolytic enzyme depicted an optimal 

pH of 9.0 and was stable at a range of pH 

from 8.0 to 10.0. 

 

 
 
Fig. 4: Effect of pH value and pH stability on purified fibriolytic enzyme activity. 

 
Effect of Incubation Time on the Activity 

of Purified Enzyme. 

Fig. 5: shows the effect of different 

reaction incubation times on purified enzyme 

activity from 10 to 60 min. The results 

indicated that the purified enzyme activity is 

increasing with increase the reaction 

incubation time till 60 min.  

 

 
 

               Fig. 5: Effect of incubation time on the activity of purified enzyme activity. 
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Effect of Substrate Concentration on the 

Activity of Purified Enzyme Activity. 
Different concentrations of fibrin were 

incorporated into the standard reaction 

mixtures in the range from 2 to 20 mg/mL. 

The results are graphically illustrated in Fig. 

(6). It is clear that the enzyme activity 

responded linearly to the increase in 

substrate concentration up to 8 mg/mL 

reaction mixture. While, at higher fibrin 

concentrations linearity was not presented. 

 

 

 

 

 

 

 

 

 

 

 

 

 
             Fig. 6: Effect of substrate concentration on the activity of purified enzyme activity. 

 
The Km value of the purified enzyme 

for fibrin as a substrate was calculated to be 

3.7 mg/mL as shown in Fig (7).Tien et al., 

(2000) reported a Kmof 0.15% for fibrin 

hydrolysis. 

 

 
Fig. 7: Line weaver-Burk plot of the reciprocals of the initial velocities and fibrin concentration. 

 
Effect of Different Metal Ions on the 

Activity of Purified Fibrinolytic Enzyme 

of Bacillus subtilis Egy. 

In this experiment, a number of metal 

salts were incorporated into the standard 

reaction mixtures containing the purified 

enzyme. The metal ions were tested at 2mM 

final concentration. The results are 

graphically illustrated in Fig. (8). 

The obtained results indicated that 

some metal ions increase the activity of 

purified enzyme such as Mncl2, CuSo4, 

CaCl2, and NaCl whereas some salts 

inhibited the enzyme activity such as ZnCl2 

and HgCl2. 
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Fig. 8: Effect of different metal ions on the activity of purified fibrinolytic enzyme of Bacillus subtilis Egy.   

 
Effect of Some Inhibitors or Additives on 

the Activity of Fibrinolytic Enzyme. 

The results in Table (2) indicated that 

significant inhibition of enzyme activity was 

observed when PSMF and EDTA were 

separately incubated with the purified 

enzyme. The result indicated that the purified 

enzyme is a serine metallo- protease. 

 
          Table 2: Effect of some inhibitors on the activity of the fibrinolytic enzyme. 

Inhibitor or Additives Retained enzyme activity ( %) 

Non 100 

EDTA 51.8 

PSMF 79.9 
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ABIC SUMMARY 

 

 ايجىباسلس ستلس تنقية ودراسة خواص االنزيم المحلل للفبرين المنتج بواسطة يكتيرة  

، ماجدة عبد الغفار 1، مايسة السيد محرم 2، سعدية محمد حسانين 2، فوقية البيه 1نورا نبيل عبد العليم الجمل 

 3، مصطفى محمد ابو السعود 1البندارى

الهندسة الوراثية والبيوتكنولوجى، المركز القومى للبحوث، الدقى ، قسم كيمياء الكائنات الدقيقة، شعبة بحوث  -1

 الجيزة.

 قسم الميكروبيولوجى، كلية العلوم ،  جامعة عين شمس، القاهرة -2

قسم التكنولوجيا الحيوية الميكروبية، شعبة بحوث الهندسة الوراثية والبيوتكنولوجى، المركز القومى للبحوث،  -3

 الدقى ، الجيزة.

 

ايجى وهى معزولة من التربة المصرية. باسلس ستلس بواسطة يكتيرة  انزيم خارج الخاليا له نشاط محلل للفبرين تم انتاج 

تم انتاج االنزيم بتطبيق التنمية بالمنابت الصلبة. اجريت لهذا االنزيم عملية تنقية من خالل ثالث خطواتهى الترسيب 

جرافى تبادل ايونات تاله عمود كروماتوجرفى فلترة الجيل سيفادكس باستخدام ملح كبريتات االمونيوم ثم عمود كروماتو

مقارنة باالنزيم الخام. وبدراسة خواص االنزيم المنقى وجد ان  21،5. من خالل هذه الخطوات تم تنقية االنزيم  100جى 

وية فى حين انه يحتفظ درجة مئ 30درجة مئوية وانه ثابت حراريا لدرجة  50درجة الحرارة المثلى لنشاطه االنزيمى هى 

اما عن  8درجة مئوية.اما درجة االس الهيدروجينى المثلى لنشاطه فهى  40% من نشاطه االنزيمى عند درجة  80ب 

درجة اس هيدروجينى  10اما عند  9 -8ثباته لدرجات االس الهيدروجينى المختلفة فهو ثابت عند درجة اس هيدروجينى 

زيمى. وبدراسة تاثير وقت التفاعل على النشاط االنزيمى لالنزيم المنقى وجد انه يزداد % من نشاطه االن90فانه يحتفظ ب 

ملى جرام/ ملوبحساب  10دقيقة. كما وجد ان انسب تركيز للفبرين فى التفاعل االنزيمى هو  60بزيادة زمن التفاعل الى 

ير بعض االيونات المعدنية على النشاط ملى جرام/ مل. كما تم دراسة تاث 7،3قيمة ثابت ميكالس للتفاعل وجد انه 

االنزيمىلالنزيم المنقى حيث كان لكل من ايونات المنجنيز والنحاس والكالسيوم والصوديوم تاثير محفز للنشاط االنزيمى 

مى ملى مول من كل من الزنك والزئبق الى تثبيط النشاط االنزيم  واخيرا تم استنتاج ان هذا االنزيم ينت 2بينما ادى وجود 

لمجموعة البروتيز المعدنى لنقص نشاطه عند اضافة االديتا  كما تم استنتاج انه سيرين بروتيزلنص نشاطه باستخدام بى ام 

 اس اب فى التفاعل.
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