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A B S T R A C T

In the present study a fibrinolytic enzyme producer was isolated and identified as Bacillus subtilis using 16S rDNA
sequencing. Central Composite Design was used for optimization of enzyme production using fodder yeast as a
cost effective growth medium. The obtained results revealed that fodder yeast concentration, incubation tem-
perature, aeration level followed by yeast extract concentration and incubation period are significant factors
affect the enzyme production yield by the tested organism. Optimum levels of the selected variables were 3.05%
fodder yeast, 0.71% yeast extract, initial pH 7,20% aeration level, 3.2% inoculum size (16×106CFU), 36.7 °C
incubation temperature and 4 days incubation period. At these conditions the predicted enzyme activity was
18.9 U/ml and the practical enzyme activity was 16.6 U/ml which revealed that the model was valid by 87.83%.
The results were discussed in the light of possible application as a thrombolytic agent.

1. Introduction

Formation of a blood clot in a blood vessel, intravascular throm-
bosis, is the main cause of cardiovascular diseases. Heart attacks and
strokes are usually acute events and are mainly caused by a blockage
that prevents blood from flowing to the heart or brain. About 17.9
million people died from cardiovascular diseases in 2016, representing
31% of all global deaths (http://www.who.int/news-room/fact-sheets/
detail/cardiovascular-diseases-(cvds)) and Zipes et al. (2018).

Microbial fibrinolytic enzymes are agents that dissolve the fibrin
clots.

Fibrinolytic agents are highly effective therapy for cardiovascular
diseases. These fibrinolytic agents were classified into two groups
namely plasminogen activators and plasmin like protein type fi-
brinolytic enzyme as reported by Yong et al. (2005). Thrombolytic
drugs such as streptokinase, urokinase, and tissue plasminogen acti-
vator (t-PA) were found to cause unrequired side effects such as gas-
trointestinal bleeding and sometimes allergic reactions (Wang et al.,
2006a,b). Therefore, searching for new, effective and safe sources of
fibrinolytic enzyme is a challenge (Xin et al., 2018). Gram-positive
Bacillus species are among the bacterial champions in enzymes pro-
duction. In biotechnological processes, Bacillus subtilis has become the

most popular due to their excellent fermentation properties, high pro-
duct yields and the complete absence of undesirable by-products. Ba-
cillus subtilis has been intensively studied over many years and it is
presently the best-characterized safe bacterium (Earl et al., 2008).
Submerged fermentation, a process in which microorganisms grow in
liquid medium, with high content of free water. Bioprocesses carried
out in submerged fermentation have notable advantages regarding in-
strumentation and control (monitoring of temperature, pH, dissolved
oxygen, concentration of water soluble nutrients), separation of bio-
mass after the fermentation, mixing and scaling up (Farinas, 2015).
Submerged fermentation in general, has been used in scaling up the
production of pharmaceutically important fibrinolytic enzymes and
other industrially important enzymes. (Shanjing, 2003; Mukherjee and
Rai, 2011). Optimization of bioprocess parameters is highly significant
in reducing the final yield cost (Kumar et al., 2018). Usually used one-
factor at a time strategy has limitations such as, it is time consuming,
labor intensive and lack of detecting interactions between the variables
influencing enzyme productivity (Box et al., 1978; Rao et al., 2000). In
addition, market price of thrombolytic agents depends on the costs of
the composition of the production medium (Haddar et al., 2010; Zaman
et al., 2016). Thus, our present study is principally focused on in-
troducing a new and cost-effective source of fibrinolytic enzyme
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produced by newly isolated Bacillus subtilis Egy. Optimization of en-
zyme production conditions using fodder yeast as a cheap growth
medium by applying Central Composite Design was studied.

2. Materials and methods

2.1. Materials

Fibrin was purchased from MP Biochemicals, Germany. L-tyrosine
was purchased from BDH, England. All other used chemicals were of
analytical grade.

2.2. Microorganism and inoculum preparation

Bacillus subtilis Egy was isolated from the Egyptian soil. The pure
culture was maintained on Nutrient agar (NA) (0.5% peptone, 0.3%
beef extract and 1.5% agar) slants.

Inoculum was prepared by inoculating Luria-Bertani medium (LB)
with tested bacterial culture and incubated at 30 °C overnight under
shaking conditions. LB composed of 1% tryptone, 1% sodium chloride
and 0.5% yeast extract.

2.3. Isolation and screening of fibrinolytic bacteria

Soil samples were collected from slaughter-houses, mixed with
10ml sterile water and heated at 80 °C for ten minutes. Serial dilutions
were plated on NA plates and incubated at 30 °C for 48 h. Bacterial
colonies were purified by transferring on NA plates and stored on NA
slants. In the primary screening, each isolate was examined for pro-
teolytic activity on skimmed milk agar plates which composed of NA
and 1% skimmed milk powder. Bacterial isolates which showed clear
zone around them exhibited as proteolytic active bacteria and were
subjected to secondary screening on fibrin agar plates to ascertain their
fibrinolytic activity. Fibrin agar plates composed of NA and 1% fibrin.
Plates were incubated at 37 °C for 24 h. Appearance of the clear zone
around the bacterial growth on fibrin plate was indicative of fi-
brinolytic activity of isolated bacteria.

2.4. Fibrinolytic enzyme production

Five standard bacterial media namely Nutrient broth (0.5% pep-
tone, 0.3%beef extract),LB, Nutrient yeast salt medium (Yousten and
Davidson, 1982), Bacillus minimal medium (Spizizien and
Anagnostopoulos, 1961), and M9 Minimal medium (Maniatis et al.,
1982) in addition to nine media based on dried ground industrial by-
products (final concentration 3%) were tested under submerged fer-
mentation using the tested bacterial isolate for fibrinolytic enzyme
production. These substrates include sesame meal, fodder yeast, soy-
bean meal, wheat bran, feather meal, cotton seed meal, offals meal,
Lenin meal, and black seed meal. Fermentation was carried out at 30 °C
under shaking at 125 rpm. Samples were centrifuged at 4000 rpm for
10min at 4 °C and the supernatant was used as enzyme source for as-
saying the enzyme activity.

2.5. Assay of enzyme activity and protein content

Fibrinolytic activity was determined by using fibrin as the substrate
according to the method of Raafat et al. (2012) with minor modifica-
tions. Assay mixture containing 10mg fibrin, 0.5ml of Tris-HCl buffer
(0.2 M, pH 8.0) and 0.5 ml of diluted enzyme was incubated at 40 °C for
30min. The reaction was stopped with 1.0ml of 10% trichloroacetic
acid and the contents were centrifuged at 4000 rpm for 10min at 4 °C.
The supernatant was subjected to color reaction using Folin ciocalteu'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.
The protein content of the enzyme preparation was determined

according to Ohnisitti and Bar (1978) using bovine serum albumin as a
standard.

2.6. Molecular identification of the tested bacterium

2.6.1. DNA extraction and PCR amplification
Grown bacterial culture in NB was centrifuged at 4000 rpm for

10min. Extraction of DNA was carried out using GeneJet genomic DNA
purification Kit (Thermo K0721). Total extracted DNA used as template
and amplified by PCR with the aid of oligonucleotide primers 16S rDNA
forward primer PF: (5-TTGCTCCCTGATGTTAGCGG-3), and reverse
primer PR: (5-TGCGGAAGATTCCCTACTGC-3) with the thermal-cycling
conditions consisted of denaturation at 94 °C for 10min and subsequent
35 cycles of denaturation at 94 °C for 30 s, annealing at 55 °C for 60 s,
and extension at 72 °C for 2min followed by final extension at 72 °C for
10min.

2.6.2. Agarose gel electrophoresis
Ten microliters of PCR product was applied to a 1% agarose gel and

run for approximately 4 h at 100 V. TAE buffer was the running buffer
(0.001M EDTA, pH 8.0; 0.04M Tris, pH 8.0; 0.02M acetic acid). The
gel was stained in a solution of ethidium bromide (1 μg/ml) for ap-
proximately 15min and washed in water for about 30min. Gel images
were recorded in Gel Doc XR+ Bio RAD with Image Lab Software.

2.6.3. 16S rDNA sequencing and data analysis
Sequencing analysis was performed on a 516 bp PCR product. The

sequence analysis was performed using the ABI 3130 genetic analyzer
and Big Dye Terminator version 3.1 cycle sequencing kit. The 16S rDNA
sequence was aligned and compared with other partial 16S rDNA gene
sequences in the GenBank by using the NCBI Basic Local alignment
search tools BLAST-n program (http://www.ncbi.nlm.nih.gov/BLAST).
Multiple alignments of sequences and nucleotide sequence statistics and
variability were performed using DNAMAN software (Wisconsin,
Madison, USA) and calustalow (ver. 1.74) program (Thompson et al.,
1994). Phylogenetic relationships among Egyptian Bacillus subtilis iso-
late (Bacillus subtilis Egy) compared with other international isolates
registered in NCBI site using Un weighted Pair Group Method with
Arithmetic Mean (UPGMA) thought DNAMAN software and Neighbor
joining (NJ) implemented thought Molecular Evolutionary Genetics
Analysis (MEGA) software (ver. 4.0) (Tamura et al., 2007).

The 16S rDNA sequence has been deposited to GenBank to assign
accession number by NCBI.

2.7. Statistical design for fibrinolytic enzyme production

Central composite was employed for the design of experiments
(CCD), between seven independent variables (Table 1); namely fodder
yeast concentration (A), yeast extract concentration (B), medium initial
pH (C), incubation temperature (D), incubation period (E), aeration

Table 1
Summary of central composite design (CCD).

Factor Name Units Actual levels Mean

Low High

A Fodder yeast concentration % 3 7 5
B Yeast extract concentration % 0.4 0.8 0.6
C Initial pH Unit 7 8 7.5
D Temperature °C 30 40 35
E Incubation period Days 2 4 3
F Aeration % 20 40 30
G Inoculum size % 1.2 3.2 2.2
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level (F) and inoculum size (G), using Design-Expert software (Stat-Ease
Inc., Minneapolis, MN, USA, ver 7.0.0). Statistical evaluation of the
produced data, optimization and prediction of the optimum conditions
were performed using analysis of variance (ANOVA) and regression
analysis. The significance of each parameter and variable was estimated
by F-test (calculated p-value). Coefficients with a p-value<0.05 were
considered significant.

2.7.1. Optimization of variables levels and model validation
The independent variables were theoretically optimized, and the

result was numerically predicted using Design-Expert software. The
statistical model based on CCD was validated by the experimental ap-
plication of theoretical results and comparing it with the theoretical
values.

2.8. In vitro blood clot degradation

In vitro fibrinolytic activity was determined by artificial blood clot
degradation method. Blood clot was formed by spontaneous coagula-
tion of freshly collected human blood in a glass tube. After 1 h, artificial
blood clot was rinsed out thoroughly and dipped in 10ml of phosphate-
buffered saline containing either crude or ethanol precipitated fi-
brinolytic enzyme and incubated at room temperature for clot dis-
solution (Mahajan et al., 2010). Phosphate-buffered saline was the
negative control and Clexane drug used as a positive control

3. Results

3.1. Identification of tested bacterial isolate

Among 126 bacterial isolates from Egyptian soil, isolate B-26 gave
the highest fibrinolytic activity. Thus, it was subjected to molecular
identification.

3.1.1. 16S rDNA gene sequence identification
Molecular identification of the isolated bacterial strain B-26 was

carried out based on 16S rDNA sequence analysis. The results showed
that 16S rDNA gene partial sequence is about 516 bp long and is
composed of both variable and conserved regions. The resulted se-
quence was compared with bacterial species recorded in the GenBank
data base using DNAMAN program and identified as Bacillus subtilis
with the highest similarity of 99%. It has been assigned with NCBI
accession number KY703635.1.

Phylogenetic tree was mapped using the neighbor joining method
and showed eight clusters were generated in comparison with different
eight Gen Bank 16S rDNA partial sequences for Bacillus subtilis strains.
The highest homologous were found between Bacillus subtilis Egy and
KM386367.1 with similarity 99%. Minimum similarity percentage
(78%) observed between Bacillus subtilis Egy and other strains have
accession no. KU726622.1 and KR967391.1, so it was represented as a
separate cluster as shown in Fig. 1.

3.2. Selection of fibrinolytic production medium

Figs. 2 and 3 showed the effect of the medium type on the fi-
brinolytic enzyme production yield by the tested organism. They re-
vealed that 3% fodder yeast gave the highest enzyme activity under
submerged fermentation conditions. Therefore, fodder yeast was
chosen as the production medium through this study.

Fig. 1. Phylogenetic tree of Bacillus subtilis Egy.

Fig. 2. Effect of different standard bacterial media on production of fibrinolytic
enzyme from Bacillus subtilis Egy.

Fig. 3. Effect of some industrial byproducts (3%) on production of fibrinolytic
enzyme under submerged fermentation conditions.

M.E. Moharam et al. Biocatalysis and Agricultural Biotechnology 17 (2019) 43–50

45



Table 2
Experimental results and predicted values based on CCD.

Enzyme activity (U/ml)

Run order Residual Predicted value Actual value

1 7.07 7.20 −0.13
2 9.66 8.92 0.74
3 11.4 11.62 −0.22
4 11.02 11.00 0.02
5 5.9 6.70 −0.80
6 10.07 10.36 −0.29
7 10.2 10.73 −0.53
8 11.8 13.08 −1.28
9 9.64 9.34 0.30
10 10.35 11.02 −0.67
11 9.3 8.74 0.56
12 9.2 9.34 −0.14
13 10.2 11.14 −0.94
14 8.4 8.67 −0.27
15 13 13.48 −0.48
16 15.3 14.77 0.53
17 8 7.88 0.12
18 10.64 10.13 0.51
19 5.4 4.77 0.63
20 18.2 17.96 0.24
21 15.1 14.83 0.27
22 7.17 7.28 −0.11
23 13.5 12.88 0.62
24 4 3.94 0.06
25 10.4 9.43 0.97
26 6 6.90 −0.90
27 8 8.57 −0.57
28 7.4 6.20 1.20
29 8.71 7.97 0.74
30 4.68 4.09 0.59
31 8.46 8.64 −0.18
32 15.6 15.45 0.15
33 18.9 18.88 0.02
34 10 10.73 −0.73
35 10.8 10.90 −0.10
36 7.68 7.71 −0.03
37 3.02 3.79 −0.77
38 13.6 13.57 0.03
39 8.3 8.61 −0.31
40 9.48 9.99 −0.51
41 6.4 6.07 0.33
42 6.04 5.99 0.05
43 7.43 7.45 −0.02
44 5.02 5.21 −0.19
45 17.6 17.37 0.23
46 6.15 6.33 −0.18
47 8 7.72 0.28
48 10.5 9.00 1.50
49 9.84 9.28 0.56
50 13.43 13.27 0.16
51 6.2 6.80 −0.60
52 12 12.41 −0.41
53 11.28 11.22 0.06
54 2 1.9 0.09
55 5.25 5.46 −0.21
56 10.3 9.00 1.30
57 10 9.82 0.18
58 5.13 7.17 −2.04
59 4 4.18 −0.18
60 8.3 8.76 −0.46
61 5.25 6.11 −0.86
62 7.66 7.89 −0.23
63 4.1 4.77 −0.67
64 9.84 9.50 0.34
65 8.6 9.37 −0.77
66 9.48 7.76 1.72
67 4.66 3.60 1.06
68 16.6 15.95 0.65
69 9.22 8.63 0.59
70 6.15 6.25 −0.10
71 13.17 13.13 0.04
72 7.56 7.46 0.10

Table 2 (continued)

Enzyme activity (U/ml)

Run order Residual Predicted value Actual value

73 6.66 6.57 0.09
74 3.33 4.19 −0.86
75 8.2 8.18 0.02
76 3.07 4.00 −0.93
77 8.35 8.14 0.21
78 15.3 15.61 −0.31
79 9.07 9.70 −0.63
80 8.25 8.34 −0.09
81 10.7 9.40 1.30
82 4.35 4.19 0.16
83 13.4 13.55 −0.15
84 10.58 10.07 0.51
85 7.68 8.93 −1.25
86 13.07 13.05 0.02
87 17.84 17.70 0.14
88 11.02 10.30 0.72
89 10.3 10.23 0.07
90 7.68 7.44 0.24
91 10.2 10.23 −0.03
92 11.17 11.03 0.14
93 10 9.84 0.16
94 7.43 7.84 −0.41
95 13.97 14.29 −0.32
96 9.9 9.97 −0.07
97 2.64 3.02 −0.38
98 17.84 17.45 0.39
99 12.3 12.34 −0.04
100 9.35 8.80 0.55
101 8.86 9.49 −0.63
102 6.92 6.12 0.80
103 15.8 15.44 0.36
104 10.1 10.21 −0.11
105 7.76 8.20 −0.44
106 10.84 10.34 0.50
107 9.2 7.61 1.59
108 3.33 4.36 −1.03
109 13.68 13.20 0.48
110 7.2 7.33 −0.13
111 14.6 16.33 −1.73
112 7 7.43 −0.43
113 3.84 4.24 −0.40
114 8.38 8.18 0.20
115 6.15 6.82 −0.67
116 13.25 13.00 0.25
117 10.8 10.56 0.24
118 15.3 15.40 −0.10
119 9.78 11.43 −1.65
120 6 6.11 −0.11
121 12.5 12.43 0.07
122 5.71 5.26 0.45
123 8.3 8.27 0.03
124 9.84 9.25 0.59
125 8.4 8.28 0.12
126 8.38 8.09 0.29
127 10.1 10.21 −0.11
128 11.2 11.76 −0.56
129 3.58 3.68 −0.10
130 9.33 9.29 0.04
131 7.94 6.06 1.88
132 10.76 9.92 0.84
133 9.4 9.57 −0.17
134 17.3 17.83 −0.53
135 9.82 9.78 0.04
136 9.48 9.18 0.30
137 10 10.30 −0.30
138 2.56 2.39 0.17
139 10.3 10.30 0.00
140 11.02 10.64 0.38
141 7.25 7.93 −0.68
142 10.6 10.30 0.30
143 10.2 10.30 −0.10
144 12.9 12.66 0.24
145 9.9 10.25 −0.35

(continued on next page)
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3.3. Optimization of fibrinolytic enzyme production using CCD

For statistical optimization of different factors affecting production
physiology of fibrinolytic enzyme by Bacillus subtilis Egy, CCD was
employed consisting of seven critical parameters viz. fodder yeast
concentration (A), yeast extract concentration (B), medium initial pH
(C), incubation temperature (D), incubation period (E), aeration level
(F) and inoculum size (G). A total sum of 154 run with different com-
binations of these seven selected parameters were carried out as shown
in Table 2. The enzyme activity ranged from 2 U/ml (run 54) to 18.9 U/
ml (run 33). The interactive effects of the seven parameters were de-
duced by analysis of variance (ANOVA) of the results, regression
coefficient, F values, P values of variables as shown in Table 3. The
analysis revealed that both fodder yeast concentration, incubation

temperature, aeration level followed by yeast extract concentration and
incubation period are significant factors in enzyme yield. On the other
hand, initial pH of the medium and inoculum size were found to be non-
significant factors as P value> 0.05.

ANOVA of the data obtained from CCD showed that the model is
significant as F-value was 119.80 and A, B, D, E, F, AB, AC, AD, AE, AF,
CD, CE, CG, DE, DG, EF, EG, A2, D2, BDF, A2D, A2E are all significant
model terms as Prob> F values were< 0.05. The model R2 was
0.969206 and the predicted R2 of 0.942293 was in reasonable agree-
ment with the adjusted R2 of 0.961116. In addition, adequate precision,
which measures the signal to noise ratio, was 50.90804. According to
these results, this model can be used to navigate the design space.

Thus, the final equation in terms of actual factors is:

= − − −

+ + +

− +

+ −

+ −

+ +

+ +

− −

+ −

+ +

− −

+ −

− −

− +

− +

A

A

A E

Fibrinolytic Enzyme activity U ml( / )
135.7294321 1.967738995* 36.00288373*B

14.82546094*C 5.138562979*D 15.57749609*E
1.152900965*F 7.388037684*G
0.781445313*A*B 1.185625* *C

0.32971875*A*D 2.0496875*A*E
0.068878906*A*F 2.3015625*B*C
0.43078125*B*D 1.287148438*B*F
0.24496875*C*D 1.45421875*C*E
0.06796875*C*F 0.66578125*C*G
0.026515625*D*E 0.006834375*D*F
0.125203125*D*G 0.012242187*E*F
0.654609375*E*G 0.640759878*A
0.058555955*D 0.111796875*B*C*F
0.013867188*B*D*F 0.167851563*A *C
0.026558594*A *D 0.168066406* *

2

2

2

2 2

Table 2 (continued)

Enzyme activity (U/ml)

Run order Residual Predicted value Actual value

146 10 10.40 −0.40
147 10.2 10.34 −0.14
148 9.5 9.36 0.14
149 9.5 9.05 0.45
150 9.8 9.95 −0.15
151 12 11.55 0.45
152 17.6 17.40 0.20
153 9.8 10.20 −0.40
154 6.66 6.49 0.17

Table 3
Analysis of variance (ANOVA) of the results based on CCD.

Source Sum of squares Df Mean square F-Value p-value* Prob > F

Block 60.62171 4 15.15543
Model 1766.249 31 56.97578 119.8035 <0.0001
A-Fodder yeast concentration (%) 550.3786 1 550.3786 1157.286 < 0.0001
B-Yeast extract concentration (%) 3.995265 1 3.995265 8.40088 0.0045
C-Initial pH 0.02 1 0.02 0.042054 0.8379
D-Temperature (°C) 8.405 1 8.405 17.67327 <0.0001
E-Incubation period 3.125 1 3.125 6.570965 0.0116
F-Aeration level (%) 190.2406 1 190.2406 400.0206 <0.0001
G-Inoculum size (%) 0.075765 1 0.075765 0.159313 0.6905
AB 12.50625 1 12.50625 26.297 < 0.0001
AC 31.09647 1 31.09647 65.38682 <0.0001
AD 52.64663 1 52.64663 110.7005 <0.0001
AE 69.72329 1 69.72329 146.6078 <0.0001
AF 242.9084 1 242.9084 510.7655 <0.0001
BC 1.417507 1 1.417507 2.980605 0.0869
BD 0.027907 1 0.027907 0.05868 0.8090
BF 0.688845 1 0.688845 1.448439 0.2312
CD 48.00775 1 48.00775 100.9463 <0.0001
CE 67.67207 1 67.67207 142.2947 <0.0001
CF 0.002538 1 0.002538 0.005337 0.9419
CG 14.18447 1 14.18447 29.82581 <0.0001
DE 2.249851 1 2.249851 4.730781 0.0316
DF 0.706563 1 0.706563 1.485697 0.2253
DG 50.16263 1 50.16263 105.4774 <0.0001
EF 1.918351 1 1.918351 4.033733 0.0469
EG 54.84972 1 54.84972 115.333 < 0.0001
A2 21.12893 1 21.12893 44.42799 <0.0001
D2 76.15125 1 76.15125 160.1239 <0.0001
BCF 1.599813 1 1.599813 3.363942 0.0692
BDF 2.461426 1 2.461426 5.175662 0.0247
A2C 0.848539 1 0.848539 1.78423 0.1842
A2D 2.124375 1 2.124375 4.466942 0.0367
A2E 3.40285 1 3.40285 7.155204 0.0085
Residual 56.11809 118 0.475577
Lack of Fit 55.88559 111 0.503474 15.15835 0.0005
Pure Error 0.2325 7 0.033214
Cor Total 1882.989 153

* p-value < 0.05 was considered significant.
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Where, A: fodder yeast concentration (%), B: yeast extract concentra-
tion (%), C: initial pH, D: incubation temperature (°C), E: incubation
period (days), F: aeration level (%) and G: inoculum size (%).

3.3.1. Optimization of variables levels and model validation
The optimum levels of the different variables were fodder yeast

concentration, 3.05%; yeast extract concentration, 0.71%; initial pH, 7;
incubation temperature, 36.7 °C; incubation period, 4 days; aeration
level, 20% and inoculum size, 3.2%. At these conditions the theoretical
fibrinolytic enzyme activity was 18.9 U/ml. The practical application of
these conditions produced 16.6 U/ml. Comparing the practical and
theoretical results showed that the model was valid by 87.83%. The
effect of different levels and the interactions of the used variables on the
productivity of fibrinolytic enzyme by Bacillus subtilis Egy was illu-
strated by Fig. 4.

3.4. In vitro blood clot degradation

Thrombolytic activity of the fibrinolytic enzyme produced by
Bacillus subtilis Egy was assayed in vitro by human blood clot de-
gradation with Clexane Drug as a positive control and phosphate-buffer
saline as negative control. The obtained results are highly promising as
the crude and ethanol precipitated enzyme can significantly digest the
fibrin net of the human blood clot and they were more efficient than the
Clexane drug as shown in Fig. 5. It is worth mentioning that ethanol
precipitated fibrinolytic enzyme achieved more clot degradation than
the crude one.

4. Discussion

In recent decades thrombosis is considered as the cause of lethal
medical complications. Microbial fibrinolytic enzymes can dissolve
these clots and help to solve these problems in more efficient and safer
way. In this study, among 126 bacterial isolates from Egyptian soil

Fig. 4. Effect of different variables on production of fibrinolytic enzyme by Bacillus subtilis Egy.
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Bacillus subtilis Egy showed the highest fibrinolytic activity. Bacillus
subtilis is an organism of choice for industrial applications due to its
high suitability for genetic engineering and its large-scale fermentation
(Harwood, 1992). The most Bacillus subtilis strains which produce fi-
brinolytic enzymes were isolated from natto, a common Japanese fer-
mented soybean food as reported by Dabbagh et al. (2014) and Nagata
et al. (2016). Other strains which produce fibrinolytic enzymes were
found in other fermented foods, including Bacillus subtilis DC33,Bacillus
amyloliquefaciens LSSE-62, B. subtilis MX-6 from Chinese foods (Wang
et al., 2006a,b; Wei et al., 2012; Man et al., 2018); Bacillus cereus from
rust (Vaithilingam et al., 2016); Bacillus sp. DJ-4, Bacillus sp. CK11-4,
Bacillus vallismortis Aceo2 from traditional Korean condiment doen-jang
and chungkook-jang (Kim and Choi, 2000; Anh et al., 2015); Bacillus
megaterium KSK-07 from Egyptian kishk (Kotb, 2015). Other sources of
this enzyme were investigated such as Pseudomonas sp. and some
marine organisms (Mohanasrinivasan et al., 2017). In this study, Ba-
cillus subtilis Egy, a strain with high fibrinolytic enzyme production,
was isolated from Egyptian soil.

An ideal thrombolytic drug should have available cost. Thus, in this
study a cost effective medium for production of fibrinolytic enzyme was
introduced. The current investigation is the first report about using a
byproduct, fodder yeast as the production medium instead of highly
expensive standard bacterial growth media for production of fi-
brinolytic enzyme from Bacillus subtilis Egy. Fodder yeast is a byproduct
of ethanol production from Saccharomyces cerevisiae. It characterized by
its high protein content (40–46%), amino acids and minerals so that it
can be served as carbon and nitrogen source for production of the mi-
crobial metabolites. Central Composite Design as an economic strategy
was employed to optimize and investigate interactions between critical
variables. The results revealed that fodder yeast concentration, in-
cubation temperature, aeration level followed by yeast extract con-
centration and incubation period are significant factors in the fi-
brinolytic yield production. On the other hand, initial pH of the
medium and inoculum size were found to be not significant factors as P
value>0.05. The practical application of the optimal conditions pro-
duced 16.6 U/ml of the enzyme under study. It was reported that use of
CCD for optimization the growth conditions was economic way because
it gives enormous information in less experimental runs and less time
consuming (Box and Draper, 1959; Box et al., 1978; Deepak et al.,
2010). Results obtained from CCD depicted the significant and non-
significant interactions among the different parameters influencing fi-
brinolytic enzyme activity. It is worth to notice that the three-dimen-
sional response surface plots which graphically represent the regression

equation are very simple and provide an essential contribution in un-
derstanding the interactions between two variables and to find their
optimum levels (Surwase et al., 2012). Model validation revealed that
experimental and predicted values were very close and experimental
design is effective towards process optimization. Ku et al. (2009) re-
ported 13.78 SU/ml of Subtilisin NAT under submerged cultivation
using response surface methodology. Fibrinolytic activity from fer-
mented soybean paste was found to be 14.7 U/ml as reported by Ko
et al. (2008). While it was reported to be about 20.8 to 207 U/ mg by
Cho et al. (2004). Recently, Kumar et al. (2018) optimized production
of a fibrinolytic enzyme from newly isolated marine bacterium Pseu-
domonas aeruginosa KU1 using Box-Benhken design with 1.32-fold in-
crease of one factor at a time optimization.

In vitro testing of human blood clot degradation by the ethanol
precipitated and the crude enzyme preparations revealed obvious di-
gestion of the fibrin net of the blood clot indicating positive activity as a
thrombolytic agent for cardiovascular diseases treatment. The same
findings were reported by Vijayaraghavan and Vincent (2014) and
Zaman et al. (2016) for Bacillus cereus INDI and Bacillus licheniformis
EMS250-O-1, respectively.

5. Conclusion

Search for new, safe and cost-effective fibrinolytic enzyme producer
is encourage. A potent fibrinolytic enzyme producing bacteria Bacillus
subtilis Egy was isolated from Egyptian soil. Recycling of agro-industrial
by products as a mean of cost-effective production medium was ap-
plied. Fodder yeast was chosen as an efficient growth medium for tested
enzyme production. Improved production of fibrinolytic enzyme was
achieved by employing Central Composite Design. Using this statistical
approach not only reduces the time course of the bioprocess but also the
cost of enzyme production. This study introduces a new and economic
candidate for fibrinolytic enzyme production and it can be used for
medical application.

Acknowledgment

The authors sincerely acknowledge the financial support given by
National Research Centre.

Conflict of interests

The authors have declared no conflict of interests.

References

Anh, D.B.Q., Mi, N.T.T., Van Hung, P., 2015. Isolation and optimization of growth con-
ditions of Bacillus sp. from fermented shrimp paste for high fibrinolytic enzyme
production. Arab J. Sci. Eng. 40, 23–28.

Box, G.E.P., Draper, N.P., 1959. A basis for selection of response surface design. J. Am.
Stat. Assoc. 54, 622–654.

Box, G.E.P., Hunter, S.W., Hunter, J.S., 1978. Statistic for Experiments: An Introduction to
Design, Data Analysis and Model Building. John Wiley, Inc, New York.

Cho, H.I.I., Choi, S.E., Lim, H.G., Lee, H.H., 2004. Purification and characterization of six
fibrinolytic protease from earth worm Lumbricus rubellus. J. Biochem. Mol. Biol. 37,
199–205.

Dabbagh, F., Negahdaripour, M., Berenjian, A., Behfar, A., Mohammadi, F., Zamani, M.,
Ghasemi, Y., 2014. Nattokinase: production and application. Appl. Microbiol
Biotechnol. 98, 9199–9206.

Deepak, V., Ilangovan, S., Madhumitha, V.S., Victoria, M.J., Sheik, P.B.S., 2010.
Biochimie 94, 1300–1308.

Earl, A.M., Losick, R., Kolter, R., 2008. Ecology and genomics of Bacillus subtilis. Trends
Microbiol. 16, 269–275.

Farinas, C.S., 2015. Developments in solid-state fermentation for the production of bio-
mass degrading enzymes for the bioenergy sector. Renew. Sustain. Energy Rev. 52,
179.

Haddar, A., Fakhfakh, Z.N., Hamider, N., Nasri, M., Kamouri, A.S., 2010. Low cost fer-
mentation medium for alkaline protease by Bacillus mojavesis A 21 using hulled grain
of wheat and cardinella peptone. J. Biosci. Bioeng. 110, 288–294.

Harwood, C.R., 1992. Bacillus subtilis and its relatives: molecular biological and in-
dustrial work horses. Trends Biotechnol. 10, 247–256.

Fig. 5. In vitro blood clot degradation. P:Ethanol precipitated fibrinolytic en-
zyme of Bacillus subtilis Egy. C:Crude fibrinolytic enzyme of Bacillus subtilis Egy.
S:Phosphate-buffer saline solution as a negative control. D:Clexane drug (in-
jection solution) as a positive control.

M.E. Moharam et al. Biocatalysis and Agricultural Biotechnology 17 (2019) 43–50

49

http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref1
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref1
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref1
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref2
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref2
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref3
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref3
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref4
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref4
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref4
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref5
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref5
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref5
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref6
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref6
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref7
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref7
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref8
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref8
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref8
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref9
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref9
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref9
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref10
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref10


Kim, S.H., Choi, N.S., 2000. Purification and characterization of subtilisin DJ-.4 secreted
by Bacillus sp. Strain DJ-4 screened from Doen-Jang. Biosci. Biotechnol. Biochem. 64,
1722–1725.

Ko, J.A., Koo, S.Y., Park, S.J., 2008. Effects of alginate microencapsulation on the fi-
brinolytic activity of fermented soybean paste (cheonggukjang) extract. Food Chem.
111, 921–924.

Kotb, E., 2015. Purification and partial characterization of serine fibrinolytic enzyme
from Bacillus megaterium KSK-07 isolated from kishk, a traditional Egyptian fer-
mented food. Appl. Biochem. Microbiol. 51, 34–43.

Ku, T.W., Tasi, R.I., Pan, T.M., 2009. A simple and cost saving approach to optimize the
production of Subtilisin NAT by submerged cultivation of Bacillus subtilus Natto. J.
Agric. Food Chem. 57, 292–296.

Kumar, S.S., Haridas, M., Sabu, A., 2018. Process optimization for production of a fi-
brinolytic enzyme from newly isolated marine bacterium Pseudomonas aeruginosa
KU1. Biocat. Agric. Biotechnol. 14, 33–39.

Mahajan, P.M., Gokhale, S.V., Lele, S.S., 2010. Production of Natto kinase using Bacillus
natto NRRL 3666: media optimization, scaling up, kinetic modeling. Food Sci.
Biotechnol. 19, 1593–1603.

Man, L.L., Xiang, D.J., Zhang, C.L., 2018. Strain screening from traditional fermented
soybean foods and Induction of Nattokinase production in Bacillus subtilis MX-6.
Probiotics Antimicrob. Proteins.

Maniatis, T., Fritsch, E.F., Sambrook, J., 1982. Molecular Cloning: A Laboratory Manual.
Cold Spring Harbor Laboratory, Cold Spring Harbor, N. Y (X + 545 S., 61 Abb., 28
Tab.).

Mohanasrinivasan, V., Mohanapriya, A., Potdar, S., Chatterji, S., Konne, S., Kumari, S.,
Merlyn, K.S., Subathra, D.C., 2017. In vitro and in silico studies on fibrinolytic activity
of nattokinase: a clot buster from Bacillus sp. Front Biol. 12, 219–225.

Mukherjee, A.K., Rai, S.K., 2011. A statistical approach for the enhanced production of
alkaline protease showing fibrinolytic activity from a newly isolated Gram- negative
Bacillus sp. Strain AS-S20-1. N. Biotechnol. 28, 182–189.

Nagata, C., Wada, K., Tamura, T., Konishi, K., Goto, Y., Koda, S., Kawachi, T., Tsuji, M.,
Nakamura, K., 2016. Dietary soy and natto intake and cardiovascular disease mor-
tality in Japanese adults: the Takayama study. Am. J. Clin. Nutr. 105, 426–431.

Ohnisitti, S.T., Bar, J.K., 1978. A simplified method for quantitating protein. Biuret
Phenol. Reag. Anal. Biochem. 86, 193–200.

Raafat, A., Araby, E., Lotfy, S., 2012. Enhancement of fibrinolytic enzyme production
from Bacillus subtilis via immobilization process onto radiation synthesized starch /
dimethyl amino ethyl methacrylate hydrogel. Carbohydr. Polym. 87, 1369–1374.

Rao, K.Y., Tsay, K.J., Wu, W.S., Teng, Y.M., 2000. Medium optimization of carbon sources
for the production of spores from Bacillus amyloliquefaciens B128 using response
surface methodology. Process. Biochem. 42, 535–541.

Shanjing, H.S.M.L.Y., 2003. Optimization of submerged fermentation of nattokinase
production by bacillus subtills with response surface methodology. Food Ferment. Ind.
1, 003.

Spizizien, J., Anagnostopoulos, C., 1961. Requirements for transformation in Bacillus
subtilis. J. Bacteriol. 81, 741–746.

Surwase, S.N., Patil, S.A., Jadhav, S.B., Jadhav, J.B., 2012. Optimization of L- DOPA
production by Brevundimonassp SCJ using response surface methodology. Microb.
Biotechnol. 5, 731–737.

Tamura, K., Dudley, J., Nei, M., Kumar, S., 2007. MEGA4: molecular evolutionary ge-
netics analysis (MEGA) software version 4.0. Mol. Biol. Evol. 24 (1596–1569).

Thompson, J.D., Higgins, D.G., Gibson, T.J., 1994. CLUSTAL W: improving the sensitivity
of progressive multiple sequence alignment through sequence weighting, position-
specific gap penalties and weight matrix choice. Nucleic Acids Res. 22, 4673–4680.

Vaithilingam, M., Chandrasekaran, S.D., Gupta, S., Paul, D., Sahu, P., Selvaraj, J.N., Babu,
V., 2016. Extraction of Nattokinase enzyme from Bacillus cereus isolated from rust.
Natl. Acad. Sci. Lett. 39, 263–267.

Vijayaraghavan, P., Vincent, S.G.P., 2014. Statistical optimization of fibrinolytic enzyme
production using agro –residues by Bacillus cereus INDIand its thrombolytic activity in
vitro. Bio. Med. Res. Intern. 6, 1–11.

Wang, C., Ji, B., Li, B., Ji, H., 2006a. Enzymatic properties and identification of a fi-
brinolytic serine protease purified from Bacillus subtilis DC33. World J. Microbiol
Biotechnol. 22, 1365–1371.

Wang, C.T., Ji, B.P., Li, B., Nout, R., Li, B.L., Ji, H., Chen, L.F., 2006b. Purification and
characterization of a fibrinolytic enzyme of Bacillus subtilis DC33 isolated from chi-
nese traditional Douchi. Ind. J. Microbiol. Biotechnol. 33, 750–758.

Wei, X., Luo, M., Xie, Y., Yang, L., Li, H., Xu, L., Liu, H., 2012. Strain screening, fer-
mentation, separation, and encapsulation for production of nattokinase functional
food. Appl. Biochem. Biotechnol. 168, 1753–1764.

Xin, X., Ambati, R.R., Cai, Z., Lei, B., 2018. Purification and characterization of fi-
brinolytic enzyme from a bacterium isolated from soil. 3 Biotech 8, 90.

Yong, P., Yang, X., Zhang, Y., 2005. Microbial fibrinolytic enzymes: an overview of
source, production, properties, and thrombolytic activity in vivo. Appl. Microbiol.
Biotechnol. 69, 126–132.

Yousten, A.A., Davidson, E.W., 1982. Ultra structural analysis of spores and parasporal
crystals formed in Bacillus shpaericus. Appl. Environ. Microbiol. 44, 1449–1455.

Zaman, M.A., Al Mamun, M.A., Khan, S.N., Hoq, M.M., Mazid, M.A., 2016. Partial pur-
ification of alkaline protease as thrombolytic agent from mutant strain Bacillus li-
cheniformis EMS250-0-1. J. Pharm. Sci. 15, 135–141.

Zipes, D.P., Libby, P., Bonow, R.O., Mann, D.L., Tomaselli, G.F., 2018. Braunwald's Heart
Disease E-Book: A Textbook of Cardiovascular Medicine. Elsevier Health Sciences.

M.E. Moharam et al. Biocatalysis and Agricultural Biotechnology 17 (2019) 43–50

50

http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref11
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref11
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref11
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref12
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref12
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref12
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref13
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref13
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref13
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref14
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref14
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref14
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref15
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref15
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref15
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref16
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref16
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref16
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref17
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref17
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref17
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref18
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref18
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref18
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref19
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref19
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref19
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref20
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref20
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref20
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref21
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref21
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref21
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref22
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref22
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref23
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref23
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref23
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref24
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref24
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref24
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref25
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref25
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref25
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref26
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref26
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref27
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref27
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref27
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref28
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref28
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref29
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref29
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref29
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref30
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref30
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref30
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref31
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref31
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref31
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref32
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref32
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref32
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref33
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref33
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref33
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref34
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref34
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref34
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref35
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref35
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref36
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref36
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref36
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref37
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref37
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref38
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref38
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref38
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref39
http://refhub.elsevier.com/S1878-8181(18)30277-9/sbref39

	Optimization of fibrinolytic enzyme production by newly isolated Bacillus subtilis Egy using central composite design
	Introduction
	Materials and methods
	Materials
	Microorganism and inoculum preparation
	Isolation and screening of fibrinolytic bacteria
	Fibrinolytic enzyme production
	Assay of enzyme activity and protein content
	Molecular identification of the tested bacterium
	DNA extraction and PCR amplification
	Agarose gel electrophoresis
	16S rDNA sequencing and data analysis

	Statistical design for fibrinolytic enzyme production
	Optimization of variables levels and model validation

	In vitro blood clot degradation

	Results
	Identification of tested bacterial isolate
	16S rDNA gene sequence identification

	Selection of fibrinolytic production medium
	Optimization of fibrinolytic enzyme production using CCD
	Optimization of variables levels and model validation

	In vitro blood clot degradation

	Discussion
	Conclusion
	Acknowledgment
	Conflict of interests
	References




