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Abstract

This work has been undertaken to enhance the production of industrially important fibrinolytic protease by
subjecting indigenous fibrinolytic protease producing Bacillus cereus to strain improvement by random
mutagenesis using ultra-violet (UV) irradiation, ethyl methane sulfonate (EMS) and ethidium bromide
treatment. Mutants were screened on the basis of enzyme assay by spectrophotometer using folin’s phenol
reagent. Ethyl methane sulfonate (EMS) and ethidium bromide treated Bacillus cereus GD 55 was proved to be
the best for optimum production of fibrinolytic protease. The effect of different production parameters such as
carbon source, inoculum sizes, pH, temperature, nitrogen source (inorganic and organic) and incubation time on
fibrinolytic protease production by the mutated bacterial strain was studied. The enzyme production was assayed
in submerged fermentation (SmF) condition. The maximum fibrinolytic protease production was observed with
fructose 1% (18.60 £ 0.62 U/ml), inoculum size level 2% (22.10 + 0.80 U/ml), pH 8.0 (28.65 + 0.41 U/ml),
temperature 35°C (28.68 = 0.19 U/ml), NH;NO3; 1% (34.24 + 0.12 U/ml), peptone 1% (35.68 + 0.27 U/ml) and
incubation time 48 hours (38.92 + 0.56 U/ml) in the production medium. EMS&EB-15 mutant strains were
found to produce 2-4 fold more enzyme. Thus these findings have more impact on enzyme economy for
biotechnological applications of microbial fibrinolytic proteases.
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Introduction

Proteolytic enzymes are ubiquitous in occurrence, being found in all living organisms, and are essential for cell
growth and differentiation [1]. The extracellular proteases are commercial value and find multiple applications
in various industrial sectors. Although there are many microbial sources available for producing proteases, only
a few are recognized as commercial producers [2]. Of these, strains of Bacillus sp. dominate the industrial sector
[3]. Fibrinolytic protease is well known as a sub class of protease, which has an ability to degrade fibrin [4-8].
Blood clots (fibrin) are formed from fibrinogen by thrombin (EC 3.4.21.5) and are lysed by plasmin (EC
3.4.21.7), which is activated from plasminogen by tissue plasminogen activator [9]. Deposition of fibrin in
blood vessels normally increases thrombosis, resulting in myocardial infarction and other cardiovascular
diseases [10-11].
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Many microorganisms like species of Pseudomonas [12], staphylococcus [13], Alteromonas [14], Coryneform
bacteria [15], Penicillium [16], Asperigillus [17-19], Fusarium [20-21], Trichotecium [22], Actinomyces [23-
24], streptomyces [25-26], Escherichia coli [27] and Bacillus [28-34] have been evaluated for the production of
fibrinolytic enzymes. Microbes serve as the preferred source of fibrinolytic proteases because of their rapid
growth, the limited space required for their cultivation, and the ease with which they can be genetically
manipulated to generate new enzymes with altered properties. However, high cost and low yields of fibrinolytic
proteases have been the main problems for its industrial production. Therefore, there is a great need to develop
new strains with inexpensive mutagens that provides a high fibrinolytic protease yield.

For industrial use enzyme must be produced at low cost and should be reusable and reproducible. To achieve
this many techniques have been developed for strain improvement. Strain improvement is usually done by
mutating the microorganism that produces the enzyme by techniques such as classical mutagenesis, which
involves exposing the microbe to physical mutagens such as X-rays, Y-rays, UV rays, etc., and chemical
mutagens such as NTG, EMS, EtBr, etc. [35]. There are a great number of literatures reported to use the strain
improvement process for producing various industrial enzymes like lipase, chitinase, cellulase, glucoamylase
and protease [36-38]. But there was no report available on mutation studies of Bacillus cereus for fibrinolytic
protease production.

The present study was mainly focused on the strain improvement of Bacillus cereus through mutation and
optimizing various parameters such as carbon sources, inorganic nitrogen sources, organic nitrogen sources,
pH, temperature, substrate concentration, inoculums concentration and incubation time for enhanced production
of fibrinolytic protease.

Materials and Methods
Chemicals

All chemicals and reagents of analytical grade were used in this research and mostly purchased from sigma
USA. All the experiments were conducted in triplicate and the mean values are considered.

Microorganism and Inoculum preparation

The bacterial strain isolated from soils of various regions in Bangalore, India was mutated by physical and
chemical mutagens, identified at Institute of Microbial Technology (IMTECH) Chandigarh, India as Bacillus
cereus GD55. Stock cultures were maintained in nutrient broth medium with 70% glycerol, cultures were
preserved at -20°C [39]. The inoculum was prepared by transferring a loopful of stock culture (Bacillus cereus
GD55) to a certain volume (100ml) of sterile nutrient broth stock medium, then incubated it overnight at 35°C
on a rotary shaker with 200 rpm, before being used to inoculation [40]. A stock suspension was prepared and
adjusted to 7x10° cell/ml™.

Strain improvement techniques
Physical (Radiation) mutagenesis by UV lamp

Four ml of the spore suspension containing 1x10’ spores/ml was pipette aseptically into sterile petridish of 80
mm diameter having a flat bottom. The exposure of spore suspension to UV light was carried at distance of 30
cm away from UV lamp (15W, 2537A°). The exposure times were 30-90 min [41]. Each UV exposed spore
suspension was stored in dark overnight to avoid photo reactivation, then was serially diluted in saline and
plated on fibrin agar medium. The plates were incubated for 48 hours at 35°C and the number of colonies in
each plate was counted. Each colony was assumed to be formed from a single spore. Mutants for hyper
production of fibrinolytic protease were detected visually by the intensity of zones.

Chemical mutagenesis
Ethidium bromide (EtBr) mutagenesis

Four ml of the spore suspension containing 1x10’ spores/ml was pipette aseptically into 15 ml of ethyl methane
sulfonate solution and incubated at 35°C. The sample (2 ml) of this solution was taken at intervals of 30-270
min and centrifuged immediately at 10,000 rpm for 5 min at 35°C [42]. The supernatant was decanted and the
cell pellet obtained was re suspended in 5 ml saline to stop the reaction. The washed cell suspension was serially
diluted in saline and plated on fibrin agar medium. The plates were incubated for 48 hours at 35°C and the
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number of colonies in each plate was counted. Each colony was assumed to be formed from a single spore.
Mutants for hyper production of fibrinolytic protease were detected visually by the intensity of zones.

Ethyl methane sulfonate (EMS) mutagenesis

Four ml of the spore suspension containing 1x10’ spores/ml was pipette aseptically into 15 ml of ethyl methane
sulfonate solution and incubated at 35°C. The sample (2 ml) of this solution was taken at intervals of 30-270
min and centrifuged immediately at 10,000 rpm for 5 min at 35°C [42]. The supernatant was decanted and the
cell pellet obtained was re suspended in 5 ml saline to stop the reaction. The washed cell suspension was serially
diluted in saline and plated on fibrin agar medium. The plates were incubated for 48 hours at 35°C and the
number of colonies in each plate was counted. Each colony was assumed to be formed from a single spore.
Mutants for hyper production of fibrinolytic protease were detected visually by the intensity of zones.

Ethyl methane sulfonate (EMS) and Ethidium bromide (EtBr) mutagenesis

Four ml of the spore suspension containing 1x10" spores/ml was pipette aseptically into 15 ml of ethyl methane
sulfonate and ethidium bromide solution and incubated at 35°C. The sample (2 ml) of this solution was taken at
intervals of 30-270 min and centrifuged immediately at 10,000 rpm for 5 min at 35°C [43]. The supernatant was
decanted and the cell pellet obtained was re suspended in 5 ml saline to stop the reaction. The washed cell
suspension was serially diluted in saline and plated on fibrin agar medium. The plates were incubated for 48
hours at 35°C and the number of colonies in each plate was counted. Each colony was assumed to be formed
from a single spore. Mutants for hyper production of fibrinolytic protease were detected visually by the intensity
of zones.

Production of Fibrinolytic protease
Shake flask fermentation

Hyper fibrinolytic protease producing mutant strains of ultra-violet rays, ethyl methane sulfonate and ethidium
bromide were inoculated separately in fermentation medium. The medium used for the production of fibrinolytic
protease was composed of fructose (1%), peptone (1%), K,HPO,4 0.2%, CaC1, 0.04% and MgSQO, 0.02%. The
pH 8 of the medium was adjusted with 1IN HC1/NaOH. Two percent (v/v) of 24h old inoculum suspension was
transferred to 50 mL of growth medium in 250 mL Erlenmeyer flasks. These flasks were then placed in the
rotary incubator shaker (Lab top) rotating at 200rpm for 48 hours at 35°C. After the completion of fermentation
the whole fermentation broth was centrifuged at 10,000 rpm at 4°C for 10 minutes and the clear supernatant
(crude enzyme) was used for the estimation of fibrinolytic protease. All the experiments were run parallel in
triplicate.

Medium Optimization for Fibrinolytic Protease Production
Effect of Various Carbon Sources on Fibrinolytic Protease Production

To identify the suitable carbon sources for fibrinolytic protease production by the mutant Bacillus cereus GD55
the following different carbon sources were tested such as glucose, sucrose, fructose, maltose, arabinose, starch
and mannose with sample concentration of 1% in the optimized production medium at 35°C [44].

Effect of Various Inoculum Concentrations on Fibrinolytic Protease Production

The fibrinolytic protease production by the selected experimental microorganism was determined by adding
bacterium at different inoculum's concentrations such as 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5 and 5.0 % to test its
ability to induce fibrinolytic protease production in the production medium [45].

Effect of Various pH on Fibrinolytic Protease Production

The effect of pH for fibrinolytic protease production was determined by culturing the bacterium in the

production media with different pH. The experiment was carried out individually at various pH 3, 4,5, 6, 7, 8, 9,
10 and 11. The enzyme assay was carried out after 42 hours of incubation at 35°C [46].
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Effect of Various Temperatures on Fibrinolytic Protease Production

Temperature is an important role for the production of fibrinolytic protease. The effect of temperature on
fibrinolytic protease production was studied by the incubating the culture media at various temperatures 10, 20,
30, 35, 40, 50, 60 and 70°C along with arbitrary control at 35°C [47].

Effect of Various Organic and Inorganic Nitrogen Sources on Fibrinolytic Protease Production

The fibrinolytic protease production by the selected bacterium was also optimized by supplementing different
inorganic and organic nitrogen sources individually at the concentration of 1% such as KNO; NH,C1,
(NH,),HPO,4, NH4;NO3, (NH4),S0,, casein, yeast extract, peptone, serine, Histidine and Aspartate [48].

Effect of Various Incubation Times on Fibrinolytic Protease Production

The fibrinolytic protease production by the selected experimental microorganism was determined by optimizing
the media by adding the bacteria. The experiment was carried out individually at various incubation times such
as 24, 48, 72, 96 and 120 hours. The enzyme assay was carried out individually after 48 hours of incubation
[49].

Fibrinolytic Protease Assay

Fibrinolytic protease activity was carried out according to the method described by Greenberg 1957. The
reaction mixture contained 8 mg bovine fibrin, 500ul enzyme in Phosphate buffer (0.05mM, pH 7.8) in a total
volume of 1mL. This mixture was incubated for 30 min at 37°C in a water bath. The reaction was stopped by
adding 0.5mL of 15% cold tri chloroacetic acid (TCA). The mixture was centrifuged at 3,000 rpm for 10 min to
remove precipitated fibrin. To 0.5mL of acid soluble filtrate 2.5mL of 0.3 N sodium hydroxide and 2.9% (w/v)
sodium carbonate was added, followed by 0.75mL of Folin’s phenol reagent. The mixture was incubated for 25
min at room temperature and the color developed was read at 650 nm [50]. The above said procedure was
followed with heat killed enzyme and kept as blank. One unit of enzyme activity was calculated as the amount
of enzyme which releases 1ng of tyrosine per minute under the specified reaction conditions.

Results and Discussion
Improvement of Strain by Physical (UV Radiation) mutagenesis

Data of table 1A shows the production of fibrinolytic protease by UV treated strains of Bacillus cereus. The
parental strains of Bacillus cereus was subjected to UV treatment for different time intervals i.e. from 30-90
min. Thirty mutant strains of Bacillus cereus were isolated on the basis of bigger zone of fibrin hydrolysis in the
petriplates. These strains were screened for fibrinolytic protease production in shake flask. The isolates were sub
grouped into G-1 (8-11 U/ml/min), G-11 (11.1-13 U/ml/min) and G-I1l (more than 13.0 U/ml/min) according to
their enzyme productivity (Table 1B). Of all the isolates investigated, maximum enzyme production (14.60 +
1.15 U/ml/min) was obtained by Bacillus cereus No.17 which was selected after 70 minutes of UV treatment.
The production of enzyme following the growth of the organism was found to be highly significant than other
mutant derivatives. But this mutant was not stable. It was due to the reason that the mutant produced by UV
irradiations had undergone back mutations when they were exposed to light [51].

Improvement of Strain by Ethidium bromide (EtBr) mutagenesis

The mutant strains of Bacillus cereus was selected after the treatment of parental strain with ethidium bromide
(Table 2A). The wild strain of Bacillus cereus was subjected to ethidium bromide treatment for different time
intervals i.e 30-270 min. Twenty one mutant strains of Bacillus cereus were selected on the basis of large zone
of fibrin plate hydrolysis. Further screening of the strains for fibrinolytic protease production was done in shake
flask. The selected strains were sub grouped into G-I (10.0-12.0 U/ml/min), G-Il (12.1-14.0 U/ml/min) and G-1II
(more than 14.0 U/ml/min) according to their enzyme productivity (Table 2B). Of all the isolates investigated,
maximum enzyme production (14.72 = 1.54 U/ml/min) was obtained by Bacillus cereus mutant No.13.
Fibrinolytic protease production was found to be highest by Bacillus cereus No 13. But after sub culturing this
mutant reverted to its parental enzyme production.

Improvement of Strain by Ethyl methane sulfonate (EMS) mutagenesis

The strains of Bacillus cereus were screened after the chemical treatment with EMS (Table 3A). The parental
strains of Bacillus cereus was subjected to EMS treatment for 30-270 min. Only six mutant strains of Bacillus
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cereus were isolated on the basis of bigger zone of fibrin hydrolysis in the petriplates. These strains were
screened for fibrinolytic protease production in shake flask. The isolates were sub grouped into G-I (12.0-14.0
U/ml/min) and G-Il (more than 14.0 U/ml/min) according to their enzyme productivity (Table 3B). Of all the
isolates investigated, maximum enzyme production (14.78 + 0.67 U/ml/min) was obtained by Bacillus cereus
No.4. This mutant showed improvement in the production of the enzyme but after subculturing it reverted to its
parental enzyme production. It was due to the reason that the DNA of the mutant strains repaired their damaged
part during its replication [52].

Improvement of Strain by Ethyl methane sulfonate (EMS) and Ethidium bromide (EtBr) mutagenesis

Chemical mutagens like ethidium bromide and ethyl methane sulfonate gave a stable and viable mutant for
production of fibrinolytic protease. The effects of alternate treatment of different chemical mutagens are
stronger than single mutagen. In the double mutagen studies the parental strain of Bacillus cereus was subjected
to the alternate treatment of ethyl methane sulfonate and ethidium bromide for 30-270 min. (Table 4A). Twenty
mutant strains of Bacillus cereus were selected on the basis of large zone of fibrin plate hydrolysis. Further
screening of the strains for fibrinolytic protease production was done in shake flask. The selected strains were
sub grouped into G-1 (12.0-13.0 U/ml/min), G-11 (13.1-14.0 U/ml/min) and G-1Il (more than 14.0 U/ml/min)
according to their enzyme productivity (Table 4B). Of all the isolates investigated, maximum enzyme
production (14.92 + 0.83 U/ml/min) was obtained by Bacillus cereus mutant No.15. It remained a stable mutant
after multiple culture cycles. It was due to the relationship between mutation rate and the amount of dose to the
bacteria. The productivity increased was more than two fold than the parental strain from 7.46- 14.84 U/ml/min.
This enhancement occurred due to increase in gene copy number and amplification of the DNA region [53].

Effect of Carbon Sources on Fibrinolytic Protease Production

The addition of various carbon sources in the form of either monosaccharide or polysaccharides may influence
the production of fibrinolytic protease. Table 5 shows the effect of carbon sources on fibrinolytic protease
production after 48 hours of incubation period at 35°C. In our present study, the influence of fructose was more
(18.60 = 0.62 U/ml) than the other carbon sources tested. Glucose was the second best supplementary carbon
source (17.84 = 0.10 U/ml). Mannose gave the lowest fibrinolytic protease activity (12.98 + 0.10 U/ml).
Different carbon sources have varied influence on the production of extracellular enzymes especially protease
strains. These results are similar to the findings of Sivakumar who observed that glucose and fructose enhances
the production of protease [54].

Effect of Various Inoculum Sizes on Fibrinolytic Protease Production

It is generally necessary to optimize age and size of the inoculums, because low density gives insufficient
biomass and high density produces too much biomass and resulting depleting of nutrients necessary for
fibrinolytic protease production. The researchers were reported that inoculums size has crucial effect in
fermentation process through microorganisms [55]. In the present study, the initial inoculum level has played an
important role in fibrinolytic protease production by mutant Bacillus cereus. The maximum fibrinolytic protease
specific activity was registered at the 2% (22.10 + 0.80 U/ml) of inoculum level. On the other hand, the
minimum amount of fibrinolytic protease production was observed at 5% of (10.42 + 0.20 U/ml) inoculums
level (Table 6).

Effect of pH on Fibrinolytic Protease Production

Physical factors are important in any fermentation for optimization of biochemical production. The important
physical factors that determine the bioprocess are pH, temperature, aeration and agitation. Table 7 shows the
effect of various pH on fibrinolytic protease production after 48 hours of incubation period at 35°C. The
maximum fibrinolytic protease production was observed at pH 8.0 (28.65 + 0.41 U/ml) and minimum amount of
fibrinolytic protease production was recorded at pH 3 (4.18 + 0.29 U/ml). The enzyme production decreased
which might be due to growth reduction and enzyme inactivation or suppression of cell viability. Low
temperature values may reduce the metabolism of the microorganism and consequently, the enzyme synthesis.

Effect of Temperature on Fibrinolytic Protease Production

Table 8 shows the effect of various temperatures on fibrinolytic protease production. The maximum fibrinolytic
protease production was obtained at 35°C (28.68 + 0.19 U/ml). Followed by this, 30°C temperature (26.84 +
0.18 U/ml) was the second best temperature on fibrinolytic protease production. Above this temperature level,
the fibrinolytic protease production decreased, because the metabolic activities of microbes are very much
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responding to temperature change. On the other hand, the minimum amount of fibrinolytic protease production
was observed at temperature 70°C (4.62 + 0.70 U/ml).

Effect of Inorganic Nitrogen Sources on Fibrinolytic Protease Production

In the present study, NH,NO; was found to be the most suitable inorganic nitrogen source for Bacillus cereus.
Table 9 shows the effect of different kinds of inorganic nitrogen sources on fibrinolytic protease production
after 48 hours of incubation period at 35°C. The maximum amount of enzyme production was observed in
NH4NO; (34.24 + 0.12 U/ml) supplemented medium and minimum amount of fibrinolytic protease production
was observed in (NH,), HPO,(18.98 + 0.12 U/ml) supplemented medium.

Effect of Organic Nitrogen Sources on Fibrinolytic Protease Production

The nitrogen sources are of secondary energy sources for the organisms, which play an important role in the
growth of the organism and the production. The nature of the compound and the concentration that we used
might stimulate or down modulate the production of enzymes. Table 10 shows the effect of different kinds of
organic nitrogen sources on fibrinolytic protease production after 48 hours of incubation period at 35°C. The
maximum amount of fibrinolytic protease production was observed in peptone (35.68 + 0.27 U/ml) with
supplemented medium and minimum enzyme activity was observed in yeast extract (28.30 £ 0.20 U/ml). In the
present study experiment on the effect of supplementary nitrogen sources on fibrinolytic protease production
under flask fermentation, showed that peptone was found to be a better nitrogen source for this isolate. Peptone
is the best nitrogen source for fibrinolytic protease production, probably due to its high content in minerals,
vitamins, coenzymes and nitrogen components.

Effect of Incubation Time on Fibrinolytic Protease Production

The effect of incubation time on fibrinolytic protease production showed that 48 hours was the optimum
duration for maximum fibrinolytic protease activity. Table 11 illustrates the effect of different incubation times
on fibrinolytic protease production. The maximum amount of fibrinolytic protease production was observed
with 48 hours incubation time (38.92 + 0.56 U/ml). Above this period the fibrinolytic protease activity started to
decrease. The minimum amount of fibrinolytic protease production was obtained with 120 hours incubation
(10.96 £ 0.12 U/ml). This is because, the cells may reach the decline phase and displayed low fibrinolytic
protease synthesis.

Conclusion

The search for promising strains of fibrinolytic protease producers is a continuous process. Finally, from the
above results it was concluded that Bacillus cereus GD55 mutant strains were developed by using EtBr followed
by EMS treatment remained as a stable mutant after multiple culture cycles. EMS&EB-15 mutant showed 2 fold
higher fibrinolytic protease production than wild strain in flask fermentation. Thus the selected mutant has
potential in minimizing the cost of enzyme for its biotechnological applications.

Acknowledgments

The authors would like to thank the chairman ACHARYA INSTITUTES Sri B.PREMNATH REDDY for
providing laboratory facilities and supporting this research work.

References

[1] S. Sharma, M.K. Aneja, J. Mayer, M. Scholter, J.C. Munch, et al. RNA fingerprinting of microbial community in the rhizosphere soil
of grain legumes. Fems. Microbiol. Lett., 2004, 240: 181-186.

[2] R. Gupta, Q. Beeg, S. Khan, B. Chauhan, et al. An overview on fermentation, downstream processing and properties of microbial
alkaline proteases. Appl. Microbiol. Biotechnol., 2002, 60(4): 381-395.

[31 R. Gupta, Q. Beeg, P. Loranz, et al. Bacterial alkaline protease: molecular approaches and industrial applications. Appl. Microbiol.
Biotechnol., 2002, 59(1): 15-32.

[4] M. Fujita, K. Nomura, K. Hong, A. Asada, S. Nishimuro, et al. Purification and character of a strong fibrinolytic enzyme (nattokinase)
in the vegetable cheese natto, a popular soybean fermented food in japan. Biochem. Biophys. Res. Commun., 1993, 197: 1340-1347.

[5] Y.K.Jeong, W.S. Yang, K.H. Kim, K.T. Chung, W.H. Loo, J.U. Park, et al. Purification of a fibrinolytic enzyme (myulchikinase) from
pickled anchovy and its cytotoxicity to the tumer cell lines. Biotechnol. Lett., 2004, 26:393-397.

[6] A. Leonardi, F. Gubensek, I. Krizaj, et al. Purification and characterization of two hemorrhagic metalloproteinases from the venom of
the long nosed viper, Vipera ammodytes ammodytes. Toxicon., 2002, 40:55-62.

[7]1 H. Sumi, N. Nakajima, C. Yatagai, et al. A unique strong fibrinolytic enzyme (katsuwokinase) in skipjack Shiokara a Japanese
traditional fermented food. Comp. Biochem. Physiol. Biochem. Mol Biol., 1995, 112:543-547.

[8] A.H. Wong, Y. Mine, et al. Novel fibrinolytic enzyme in fermented shrimp paste, a traditional asian fermented seasoning. J. Agric.
Food. Chem., 2004, 52: 980-986.

[9] D. Voet, J.G. Voet., et al. Biochemistry, Wiley, New York, 1990, 87-95.

ISSN : 0975-9492 Vol 4 No 5 May 2013 86



[10]
[11]
[12]
[13]
[14]
[15]
[16]
[17]
[18]
[19]
[20]
[21]

[22]

(23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]

[33]

[34]
[35]

[36]
[37]

[38]

[39]
[40]

[41]
[42]
[43]
[44]
[45]

[46]

E. Venkata Naga Raju et al. / International Journal of Pharma Sciences and Research (1JPSR)

C. Bode, M.S. Runge, R.W. Smalling,et al. The future of thrombolysis in the treatment of acute myocardial infarction. Eur. Heart. J.,
1996, 17:55-60.

M. Yoshinori, H.O. Ado, K. Wong, B.O. Jiang, et al. Fibrinolytic enzymes in Asian traditional fermented foods. Food. Res.
International., 2005, 38(3): 243-250.

A.A. Imshenetskii, N.S. Demina, S.V. Lysenko, M.D. Evdokimova, et al. Fibrinolytic activity of bacteria from Pseudomonas genus.
Prikl. Biokhim. Microbiol., 1991, 27:845-849.

E.M. Berdzulishvili, T.l. Afanaseva, A.P. Alergant, et al. Fibrinolytic activity of pathogrnic staphylococci of different origins. Lab.
Delo., 1973, 6:332-334.

N.S. Demina, F. Veslopolova, G.P. Gaenko, et al.The marine bacterium Alteromonas piscicida-a producer of enzymes with
thrombolytic action. Izv. Akad. Nauk. Biol., 1990, 3:415-419.

N.S. Egorov, N.S. Landau, I.I. Milovanova, et al. Fibrinolytic activity in mono and mixed cultures of Coryneform bacteria. Nauchnye.
Doki. Vyss. Shkoly. Biol. Nauki., 1982, 10:86-90.

N.A Andreeva, V.l. Ushakova, N.S. Egorov, et al. Study of proteolytic enzymes of various strains of penicillium lilacinum in relation
to their fibrinolytic activity. Mikrobiologiia., 1972, 4:417-422.

G. Larcher, J.P. Bouchara, G. Tronchin, et al. Purification and characterization of a fibrinogenolytic serine proteinase from
Asperigillus fumigates culture filtrate. Febs. Lett., 1992, 10:65-69.

V.I. Ushakova, L.D. Dalko, N.S. Egorov, et al. Study of the protease complex synthetized by Aspergillus kanagawaensis in relation to
its fibrinolytic activity. Nauchnye. Doki. Viyss. Shkoly. Biol. Nauki., 1974, 8:93-97.

H.P. Klocking, F. Markwardt, et al. Thrombolytic and pharmacodynamic properties of Asperigillus ochraceus protease. Farmakol.
Toksikol., 1975, 38:341-349.

A.F. Abdel Fattah, A.S. Ismail, S.A. Saleh, et al. Purification and properties of two fibrinolytic enzymes from Fusarium oxysporum
N.R.C.1. Zentralbl. Mikrobiol., 1993, 148:123-128.

S.A. El-Aassar. Production and properties of fibrinolytic enzyme in solid state cultures of Fusarium pallidoorosem. Biotechnol. Lett.,
1995, 17:943-948.

T.S.N. Stepanova, R.A. Maksimova, E.P. Lulikova, A.B. Silaev, et al. Fractionation of a preparation of fibrinolytic enzymes
tricholysin formed from Trichotecium roseum LK. ExFr.on carboxymethyl-sephadex C-50. Prikl. Biokhim. Mikrobiol., 1976, 12:407-
410.

N.S. Egorov, G.A. Kochetov, N.V. Khaidarova, et al. Isolation and properties of the fibrinolytic enzyme from Actinomyces
thermovulgaris culture broth. Mikrobiologiia., 1976, 45:455-459.

N.S. Egorov, M.A. Alnuri, A.l. Krivova, et al. Optimization of the nutrient medium for Actinomyces spheroids producer of proteolytic
enzymes with fibrinolytic activity. Mikrobiollogiia., 1976, 45:607-613.

N.S. Egorov, G.A. Kochetov, N.V. Khaidarova, et al. Physicochemical properties of a fibrinolytic enzyme from Streptomyces
thermovulgaris culture broth. Nauchnye. Doki. Vyss. Shkoly. Biol. Nauki., 1986, 4:89-94.

R.R. Chitte, S. Dey. Potent fibrinolytic enzyme from a thermophilic Streptomyces megaspores strain SD5. Lett. Appl. Microbiol.,
2000, 31:405-410.

H. Malke, T. Ferretti. Streptokinase cloning expression and excretion by Escherichia coli. Proc. Natl. Acad. Sci. USA., 1984, 81:57-
61.

R. Yu, H. Qi, T. Zhang, W.T. Wu, et al. Preliminary studies on in vitro and in vivo thrombolytic activities of thrombolytic enzyme
from an induced Bacillus subtilis strain. Schuan. Da. Xue Xue. Bao. Yi Xue. Ban., 2005, 36:93-96.

G.V. Cherkessova, N.G. Nesterova, Z.S. Fetisova, et al. The thrombolytic activity of Bacillus mesentricus at different conditions of
nitrogen nutrition. Mikrobiologiia., 1989, 58:915-919.

K.I. Fayek, S.T. Eisayed. Some properties of two purified fibrinolytic enzymes from Bacillus subtilis and Bacillus polymyxa. Zallg.
Microbiol., 1980, 20:383-387.

C.N. Vyrbornykh, N.S. Landau, N.S. Egorov, et al. Biosynthesis of fibrinolytic enzymes with different mechanisms of action by
microorganisms of genus Bacillus. Microbiologiia., 1990, 59:782-789.

N.S. Egorov, T.G. ludina, Z.H.K. Loriia, V.G. Kreier, et al. Fibrinolytic activity of several variants of Bacillus thuringiensis. Prikl.
Biokhim. Microbiol., 1979, 15:416-420.

Y. Peng, Q. Huang, R.H. Zhang, Y.Z. Zhang, et al. Purification and characterization of a fibrinolytic enzyme produced by Bacillus
amyloliquefaciens DC-4 screen from douche, a traditional Chinese soybean food. Comp. Biochem. Physiol. Biochem. Mol Biol., 2003,
134:45-52.

H. Sumi, H. Hamada, H. Tsushima, H. Mihara, et al. A Novel fibrinolytic enzyme (Nattokinase) in the vegetable cheese Natto a
typical and popular Soybean food in the Japanese. Diet. Experientia., 1987, 43(10):1110-1111.

S. Parekh, V.A. Vinci, R.J. Strobel, et al. Improvement of microbial strains and fermentation processes. App. Microbiol. Biotechnol.,
2004, 54: 287-301.

G. Haki, S.K. Rakshit, et al. Development in industrially important thermostable enzymes a review. Biores. Technol., 2003, 89: 17-34.
K.V.V.S.N. Bapiraju, P. Sujatha, P. Ellaiah, T. Ramana, et al. Mutation induced enhanced biosynthesis of lipase. Afr. J. Biotechnol.,
2004, 3(11): 618-624.

H. Koncerova, L. Vachova, J. Chaloupka, et al. Mutants of Bacillus megatereum with altered synthesis of an exocellular neutral
proteinase. Folia. Microbiol., 1984, 29: 99-103.

R.B. Richard, P.D. Murray. Guide to protein purification, Academic Press is an Imprint of Elsevier. 2009, 463(2):14-15.

D. Gitishree M.P. Prasad. Isolation, Purification and mass production of protease enzyme from Bacillus subtilis. Int. Res. J. Micr.,
2010, 1(2): 26-31.

M. Munazzah, M. Ibraheem, Sadia javed, et al. Bacillus subtilis improvement through UV and chemical mutagenesis for indigenously
hyper produced urate oxidase. Pak. J. of Li and Soc. Sci., 2012, 10(2): 123-129.

Md. Mohsin javed, U.L. Ikram M.R. Irfana, et al. Multistep mutagenesis for the over expression of cellulose in Humicola insolens.
Pak. J. of Bot., 2011, 43(1): 669-677.

S.H. Malik, I. Tehreema, H.A.Q. lkramul, et al. Enhanced Amyloglucosidase biosynthesis through mutagenesis using Asperigillus
niger. Pak. Jou. Bot., 2011, 43(1): 111-119.

M.G. Sher, M. Nadeem, Q. Syed, M Irfan, S. Baig et al. Protease production from UV mutayed Bacillus subtilis. Ban. J. of Sci. and
Ind. Res., 2012, 47(1): 69-76.

P. Ellaiah, G. Divakar, P. Vasu, M .Sunitha P. Uday Shankar, et al. Studies on process and nutritional parameters for production of
alkaline protease by Thermoactinomyces thalpophilus PEE14. Ind. J. of Biotechnol., 2005, 4: 497-500.

F. Essam, Al. Juamily, H. Bushra, Al. Zaidy, et al. Optimization conditions of production fibrinolytic enzyme from Bacillus
lichineformis B4 local isolate. Br. J. of Pharmacol and Toxic., 2012, 3(6): 289-295.

ISSN : 0975-9492 Vol 4 No 5 May 2013 87



[47]
[48]
[49]
[50]
[51]
[52]
[53]
[54]

[55]

E. Venkata Naga Raju et al. / International Journal of Pharma Sciences and Research (1JPSR)

R. Dubey, J. Kumar, D. Agrawala, T. Char, P. Pusp, et al. Isolation, production, purification, assay and characterization of fibrinolytic
enzymes (Nattokinase, Streptokinase and Urokinase) from bacterial sources. Afr. J. of Biotechnol., 2011, 10(8): 1408-1420.

T. Jayalakshmi, P. Krishnamoorthy, P.B. Ramesh babu, B. Vidhya, et al. Production, purification and biochemical characterization of
alkaline fibrinolytic enzyme from Bacillus subtilis strain-GBRCL1. J. of Chem and Pharm. Research., 2012, 4(12): 5027-5031.

A. Raja, Nancy Khess, P. Namrata, et al. Enhancement of protease production by Pseudomonas aeruginosa isolated from diary
effluent sludge and determination of its fibrinolytic potential. Asi. Pac. J. of Trop. Biomedicine., 2012, 5: 1845-1851.

D.M. Greenberg. Plant proteolytic enzymes. Methods in enzymology, (2™ edition), Academic press INC., New york, USA, 1957, 54-
64.

I. Haqg, S. Khurshid, S. Ali, M.A. Ashraf, M.I. Rajoka, et al. Mutation of Aspergillus niger for hyper production of citric acid from
black strap molasses. World. J. Microbiol and Biotechnol., 2001, 17(1): 35-37.

J.A. Nickoloff. DNA damage and repair: DNA repair in prokaryotes and lower eukaryotes. Human press sciences. 1998, 0: 626.

B. Cherry, E.V. Bashkirova, A.L. Leon, Q. Jin, H. Udagawa, S. Takano, et al. Analysis of an Aspergillus niger glucoamylase strain
pedigree using comparative genome hybridization and real time quantitative polymerase chain reaction. Ind Biotechnol., 2009, 5(4):
237-244.

T.V. Sivakumar, T. Ramasubramanian, P. Shankar, et al. Screening of keratinolytic bacteria Bacillus cereus from the feather dumping
soil of sivakasi. J. Basic and Appl Biol., 2011, 5: 305-314.

Z. Vasudeo. Strain improvement of alkaline protease from Trichoderma reesei MTCC- 3929 by physical and chemical mutagen. The.
lioab. Journal., 2010, 1(1): 25-28.

Table 1a: Mutants selected after the treatment of Ultraviolet radiations for Fibrinolytic Protease Production

Mutant No Exposure time Fibrinolytic Protease production

(minutes) (U/ml/min)
1 30 10.12 £ 0.46
2 35 10.48 £ 0.76
3 35 10.92 +1.27
4 40 11.53+1.40
5 50 11.96 £1.27
6 50 10.18 £ 0.46
7 50 11.10£0.29
8 50 11.86 £ 0.45
9 55 11.48 £ 0.83
10 55 12.60 £ 0.23
11 60 13.10+1.42
12 60 12.98 + 0.55
13 60 12.61 £0.81
14 65 1312+ 161
15 65 10.84 £1.42
16 70 10.90 £ 0.42
17 70 1460+ 1.15
18 70 13.10+1.41
19 70 11.46 £ 0.36
20 75 10.58 + 0.29
21 80 11.10+0.64
22 80 13.82+£0.25
23 80 12.81 £ 0.52
24 85 12.62+1.14
25 85 11.90 £ 1.27
26 85 10.86 + 1.40
27 90 10.12+1.14
28 90 9.20+1.14
29 90 8.60 + 0.45
30 90 8.21+0.29

Table 1b: Range of mutants selected after the treatment of Ultraviolet radiations for Fibrinolytic Protease Production

Subgrouping Number of Range of Fibrinolytic protease
of mutants mutants (U/ml/min)
Gl 12 8-11
Gll 13 11.1-13
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Gl 5 More than 13

Each value is an average of three replicates + denotes standard deviation among
replicates.

Initial pH 8.0
Incubation period 48 h
Incubation temperature 35 + 2°C.

Table 2a: Mutants selected after the treatment of Ethidium bromide for Fibrinolytic Protease Production

Mutant Exposure Fibrinolytic Protease
No time production (U/ml/min)
(minutes)
1 35 10.68 £ 1.46
2 40 11.64 £0.30
3 40 11.82£0.25
4 50 10.81£1.27
5 50 12.51£1.08
6 50 1198+ 1.14
7 50 12.10+1.46
8 55 13.18 £ 0.26
9 55 11.16 £ 0.64
10 55 10.98 + 0.36
11 60 10.64 £1.61
12 60 13.60 £ 1.27
13 60 1472 £1.54
14 60 13.98 £ 0.20
15 65 12.84 £0.21
16 65 1296 £1.91
17 65 12.30 £ 0.92
18 65 10.94 £ 0.55
19 70 13.91+£0.36
20 70 14.16 £ 0.79
21 70 12.48 £ 0.40
Subgrouping of Number of Range of Fibrinolytic
mutants mutants protease (U/ml/min)
Gl 9 10-12
Gll 10 12.1-14
Glll 2 More than 14
Each value is an average of three replicates + denotes standard deviation among
replicates.
Initial pH 8.0
Incubation period 48 h
Incubation temperature 35 + 2°C.

Table 2h: Range of mutants selected after the treatment of Ethidium bromide for Fibrinolytic Protease Production
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Table 3a: Mutants selected after the treatment of EMS for Fibrinolytic Protease Production

Mutant No Exposure time Fibrinolytic Protease
(minutes) production (U/ml/min)

1 40 12.98 £1.99

2 45 13.64 £1.40

3 50 13.91+0.94

4 60 14.78 + 0.67

5 60 14.62 + 0.88

6 65 13.58 £1.32

Table 3b: Range of mutants selected after the treatment of EMS for Fibrinolytic Protease Production

Subgrouping of Number of Range of Fibrinolytic
mutants mutants protease (U/ml/min)
Gl 4 12-14
Gll 2 More than 14
Each value is an average of three replicates + denotes standard deviation among
replicates.
Initial pH 8.0

Incubation period 48 h
Incubation temperature 35 + 2°C.

Table 4a: Mutants selected after alternate treatment of Ethidium bromide and EMS for Fibrinolytic Protease Production

Mutant Exposure Fibrinolytic Protease
No time production (U/ml/min)
(minutes)
1 35 12.20£0.84
2 40 13.18+1.20
3 40 12,96 £ 1.34
4 50 12.64 £ 0.88
5 50 13.81+1.62
6 50 14.58 + 0.55
7 50 13.62 £ 0.83
8 55 14,72 £ 0.46
9 55 14.28 £ 0.30
10 55 13.64 £0.72
11 60 14.10 £ 1.27
12 60 13.98 £1.08
13 60 12.90 £ 0.55
14 60 13.24 £1.42
15 65 14.92 £ 0.83
16 65 12.75+0.93
17 65 14.81 £ 0.52
18 65 13.62 £ 1.50
19 70 14.86 + 0.88
20 70 13.54 £ 0.89
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Table 4b: Range of mutants selected after alternate treatment of Ethidium bromide and EMS for Fibrinolytic Protease Production
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Subgrouping Number of Range of Fibrinolytic
of mutants mutants protease (U/ml/min)
Gl 5 12-13
Gll 8 13.1-14
Glll 7 More than 14
Each value is an average of three replicates + denotes standard deviation among
replicates.
Initial pH 8.0

Incubation period 48 h

Incubation temperature 35 + 2°C.

Table 5: Effect of various Carbon sources on Fibrinolytic Protease Production

Carbon Source (1%0)

Specific Activity (U/ml)

Glucose 17.84 +£0.10
Sucrose 16.18 +0.15
Fructose 18.60 £ 0.62
Maltose 16.56 £ 0.25
Arabinose 17.12£0.28
Starch 15.10+£0.16
Mannose 12.98 £0.10

Table 6: Effect of various Inoculum sizes on Fibrinolytic Protease Production

Inoculum sizes (%0)

Specific Activity (U/ml)

0.5 18.20 £ 0.28
1.0 20.21+£0.18
15 21.60 £ 0.10
2.0 22,10+ 0.80
3.0 19.98 £ 0.36
4.0 18.96 +0.58
5.0 10.42 £0.20
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Table 7: Effect of various pHs on Fibrinolytic Protease Production

pH Specific Activity (U/ml)
3 418 £0.29
4 6.62 £ 0.24
5 10.18 £ 0.21
6 18.58 £ 0.23
7 26.48 +0.17
8 28.65+0.41
9 19.20 £0.23
10 10.60 £ 0.17
11 8.62+0.25

Table 8: Effect of various temperatures on Fibrinolytic Protease Production

Temperature (°C)

Specific Activity (U/ml)

10 6.82 +0.26
20 10.91+0.13
30 26.84 +£0.18
35 28.68 £0.19
40 27.12+0.12
50 16.96 £ 0.15
60 8.58 +0.19
70 4.62 +0.70

Table 9: Effect of various Inorganic nitrogen sources on Fibrinolytic Protease Production

Nitrogen Source (1%0)

Specific Activity (U/ml)

KNO; 21.20%0.10
NH,C1 30.64 +0.10
(NH_), HPO, 18.98+0.12
NH,NO; 3424 +0.12
(NH,),SO, 19.71+0.29
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Table 10: Effect of various Organic nitrogen sources on Fibrinolytic Protease Production

Organic nitrogen source (1%b) Specific Activity (U/ml)
Casein 32.50 £ 0.22
Yeast extract 28.30 £ 0.20
Peptone 35.68 £ 0.27
Serine 34.98 £ 0.20
Histidine 34.62+0.17
Aspartate 30.46 + 0.36

Table 11: Effect of various Incubation times on Fibrinolytic Protease Production

Incubation Time(hrs) Specific Activity (U/ml)
24 36.64 £ 0.12
48 38.92+0.56
72 30.18 +0.11
96 22.96 £ 0.98
120 10.96 £ 0.12
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