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Abstract

Protease also called proteinase or peptidase is a digestive enzyme that is categorized under
proteolytic enzymes and it has great potential in industrial application. Extracellular proteases are
used in a variety of industries because they exhibit practically all of the characteristics needed for
biotech applications such as detergent, bioremediation, food, and leather processing.In the
synthesis of all three major types of acidic, neutral, and alkaline proteases, microbial sources have
dominated an unbeatable area. Alkaline proteases are a large group of industrial enzymes formed
by a wide variety of species, including animals, fungi, and bacteria. The fermentation method
serves to make bacteria, fungi, and yeast alkaline proteases. Proteases are produced in large
quantities by Gram-positive bacteria, especially those belonging to the Bacillus genus. Following
standard procedures, the bacterial isolates PMOJ-01 and PMOJ-05 with the prominent zone of
clearance and efficient enzyme development were further characterized to the genus level.
Moreover, the growth conditions for the highest protease production were optimized with different
pH, temperatures, and NaCl concentrations, in the results of PMOJ-01 and PMOJ-05 pH (7 and
8), temperatures 45°C, and 1% NaCl Concentrations both cases respectively. The proteases
activities from PMOIJ-01, Pseudomonas aeruginosa, and PMOJ-05, Bacillus subtilis were most
active at pH7.0 and pH8.0 and temperature at 35°C and 45°C, respectively. The enzyme activity
and the total solid protease sample of the crude enzyme of Pseudomonas aeruginosa and Bacillus
subtilis were 0.299 U/ mL and 0.289 U/ mL, 1.37+0.14 U/mg, and 1.199 U/mg respectively. The
effect on dehairing, distaining, and scum removal revealed that the purified protease enzyme of
PMOJ-01 and PMOJ-05 can be used in detergent and leather industries.
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1. Introduction

Enzyme technology is well established and used in many industrial applications in the modern era
of biotechnology. A better understanding of and functionality of enzymes suggests numerous new
applications for these catalytic activities and a constant discovery with new R&D properties
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(Amar, 2001; Najafi et a/.,2005). Enzymes are used in many environmentally-friendly industries
such as food, dairy, leather, etc. since they are efficient, selective, accelerate and accelerate
reactions through the forming with its substrate of transition state complexes, which reduce the
energy of activation of the reaction (Bayoudh et al., 2000; Madan et al.,2000). Proteases or
proteolytic enzymes catalyze the cleavage of peptide bonds in proteins. Protease is one of the most
common types of industrial enzymes, accounting for more than 65 percent of all industrial enzymes
(Pastor et al., 2001; Belma et al., 2002). In contrast to their behavior, the wide variety of proteases
has drawn international attention and concentrated on exploiting physiological and
biotechnologies (Rao et al., 1998;Chandran et al., 2014a; Hatem et al., 2018). Proteases are also
expected to play an important role in the advancement of environmental innovations and
bioremediation processes (Singh et al., 2001; Masi ef al., 2014b). In a large number of industries,
one of thebiggest industrial enzymes (Protease) is commonly used:- in detergent, leather
manufacturing, meat processing, milk product, organic fertilizer preparation, digestive aid, silk
industry, and silver recovery from X-ray films used (Sudha ef al., 2010; Chandran ef al., 2014b).

Microbial origins have dominated an invincible domain in the development of all three
major acidic, neutral, and alkaline protease forms. Alkaline proteases, a broad group of industrial
enzymes, are generated by a wide variety of species, including animals, fungi, and bacteria.
Alkaline proteases are produced by bacteria, fungi, and yeast using the fermentation process
(Takami et al., 1989; Masi et al., 2014c). Gram-positive bacteria are considered a major
commercial producer of proteases, in particular the Bacillus genus (Thangam et al 2002;Masi et
al., 2015). Gupta et al., (2002) reported Bacillus licheniformis, Bacillussubtilis, Bacillus
acidophilus, Bacillus lentus, etc., are important industrial alkaline protease producers. Alkaline
proteases are one of the most essential classes of enzymes used as detergents, pharmaceutical
products, leather, meat-treating products, protein hydrolysates, dairy products, and even waste
processing products in various industrial processes (Masi et al.,2016a; Thangam et al., 2016).

Alkaline proteases have a large share of the enzyme market, despite having just a two-
thirds share of the detergent industry. They're also used in industries like leather, food, textiles,
organic synthesis, and waste-water treatment (Wang et al., 2007: Masi et al., 2016b). Microbial
proteases account for nearly 60% of total global enzyme sales, with 25% of total global alkaline
protease enzyme sales (Madan et al.,2000; Masi ef al., 2014b). The important applications of the
enzymes have been authenticated in this present study.Protease is usually produced from bacteria
such as Teredinobacterturnirae, Bacillus sp., Pseudomonas sp. and also from other fungal species
(Isiaka & Agbaje, 2016;Masi et al, 2021). Bacterial species can be isolated from various
industries' effluents(Sudha et al., 2010; Masi et al., 2017). Protease production conditions are
optimized and the highest protease producing environments with optimized nutrient sources, pH,
and temperature were determined to get maximum protease from each bacterium (Takami ef al.,
1989; Masi et al., 2018). Bacterial species can be isolated from the effluents by the serial dilution
method. A normal agar medium can be used to isolate various numbers of colonies. Each species
have a different potential for producing protease. By comparing the protease activities of different
strains that were isolated from the effluents; the maximum protease yielding bacteria can be
obtained (Gopinath,2002; Thangam et al., 2002).
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Bacterial proteases have recently been noted as a viable alternative to the bioremediation
and use of tannery-rich protein waste for rawhide treatment by substituting dangerous chemicals
that are particularly involved in the soaking, dehairing, and tanning of hides before tanning, for
quality leather production without pollution (Takami ef al., 1989;Masi et al., 2018). Even though
proteases have been identified in several areas and many have been used in industry and
biotechnology, the proteases now in use are insufficient to suit all biotechnological needs. As a
result, the goal of this research was to identify and characterize possible proteolytic bacteria from
Modjo Tannery Waste, as well as to assess their potential for use in detergent and leather industries.

2. Materials and methods
2.1 Screening for protease production

A total of six samples were taken from more than 50 years of accumulated sludge. The samples
were transported to the Microbiology Laboratory at Addis Ababa Science and Technology
University, where 1.0 g was transferred into 10 mL sterilized normal distilled water in a 250 mL
conical flask and agitated at 100 rpm in a water bath shaker at 37°C for 15 min. Nutrient agar was
used to dilute and spread the soil suspension. After 24-hour incubation in 37°C and using separate
bacterial colonies, the capacity of their proteolytic enzyme was screened on Petri plates containing
skim milk agar medium (Skin Milk Powder 2.8 g, Casinenzymichydrolysates 500 mg, Yeast
extract 250 mg, Dextrose 100 mg, and agar 1.5 g powder with 100 mL of distilled water to
maintaining pH 8).The inoculated plate was then incubated for 48 hours at 37°C, looking for
clearance zones that indicated bacterial isolate proteolytic activity.Five isolates with the potential
to produce protease in the primary screening were chosen based on the diameter of the clearance
zone, and they were further screened to find the most potent isolates among them based on
incubation time, clearance zone size, and production (the ratio of the clearance zone diameter to
the colony diameter) (Belma et a/ 2002;Chandran ef al., 2014a).

2.2 Proteolytic isolates identification

The proteolytic isolates were identified based on biochemically (citrate utilization, triple iron sugar
test, Urease, VP tests, catalase, indole starch hydrolysis, and oxygen requirements) and
morphological (Gram staining, motility test, and endospore staining) features and then the
identified isolates were subjected to the methods suggested in Bergey's Manual, which showed
prominent clearances in the sky-milk agar medium. (Masi et al., 2014c).

2.3 Characterization of protease producing isolates

By inoculating the species to nutrient broth supplemented with skim milk agar, the effects of NaCl
concentration, pH, and temperature on bacterial growth and activity were investigated.

2.4 Protease assay

For protease assay, the method adopted by Takami et al., (1989) was used. To establish a standard
curve, a 0.2 mg/mL L-tyrosine standard solution was prepared. Five test tubes containing 0.2, 0.4,
0.6, 0.8, and 1.0 mL of standard solution, but no standard blank, were prepared. Then, using
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distilled water and a blank, it was rendered up to 2mL. Following the addition of SmL of Na,COs,
0.5mL of Folin and Ciocalteu's reagent was applied to each vial. The blue color produced was
measured at A660 nm using a UV-visible spectrophotometer after 30 min of incubation at 37°C.
Casein acts as a substratum in this test. When we test the protease for digester casein, the amino
acid tyrosine is liberated along with other amino acids and peptide fragments. Folin&Ciocalteo
Phenol interacts mainly with free tyrosine to create blue-colored chromospheres, which can be
quantified and calculated as an absorbent value on a spectrophotometer at 660nm.

2.5 Estimation of total protein

The total protein content of the samples was measured using a slightly modified method of Lowry's
process. Lowery et al.,(1951) used Egg Albumin as a protein standard. In the test tube, different
dilutions of egg albumin solutions were made by mixing one mg of egg albumin and one ml of
water. Each of the test tubes had a final volume of Sml. The solution's concentration ranged from
0.05 to 1 mg per mL. A 0.5ml protein solution was taken from each of these dilutions and 5 ml of
lowery reagent D was applied to each test tube. This solution was incubated for 10 minutes at room
temperature. After that, each tube received 0.5 mL of FolinCiocalteu reagent (responsible
solutions) and was incubated for 30 minutes.

2.6 Purification of protease enzyme

Around 10 ml of solution-free cell enzymes (supernatants) were taken from parent isolates by and
adding 80 percent saturation of ammonium sulfate. The solutions of the enzyme were agitated for
I hour at 4°C after the ammonium sulfate interacted with protein to form precipitous. The
precipitated proteins were extracted by centrifugation at 6,000 rpm for 30 min at 4°C. To obtain a
concentrated suspension of the injectable enzyme, the pellets were re-dissolved in 10ml Tris-Hcl
buffer, vol. 0.05M, pH 7.5 (Masi et al., 2015).

2.7 Characterization of protease activity

The two test isolates were subjected to different temperatures (25°C, 35°C, 45°C, 55°C,and 65°C)
and pH levels (4 to 12) to determine the optimal conditions for protease activity.

2.8 Experiments to evaluate commercial applications of proteases

Removing a bloodstainrequired soaking a clean piece of cloth in blood and allowing the blood
cloth to dry. The cloth was cut into equal pieces and incubated with the purified protease for 5 min
at 45°C. The control underwent the same process as the experimental group, except for incubation
with the enzyme solution. Using enzymes as a detergent ingredient to remove egg albumin protein
stain: On pieces of white cotton cloth (5 x 5 cm) stained with egg yolk, the use of enzymes as a
detergent additive was investigated (rich in protein).Skin dehairing: - sheepskin was sliced into
S5cm 2 pieces and treated in 50 mMTris-HCI (pH 8) at 50°C with the purified protease. At different
incubation times, the skin was examined for hair eradication (Najafiet al., 2005).
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2.9 Analytical Statistics:

Origin 2019 was used to draw the graph and conduct analyses of the data at which the optimum
point were calculated

3. Results
3.1 Isolation, screening, and identification

The sludge samples obtained from the Modjo Tannery industry yielded a total of 20 distinct
bacteria. Only 12 of them were effective in forming clear zones in 24 hours on 1.0 percent skim
milk agar. Only two protease-producing isolates were chosen after primary and secondary
screening based on their incubation time, clearance zone size (Figures 1 and 2), and efficiency (the
ratio of the diameter of the clearance zone to colony diameter) in 24 hours (Table 1). These were
PMOJ-01 and PMOJ-05 and were subjected to further study (P- Protease, MO - Modjo Tannery
industry, J - Jimma University).

Fig. 1. Clear zone (Protease producing bacteria) formed by isolate PMOJ-01

PMOJ-05

Fig. 2. Clear zone (Protease producing bacteria)formed by isolate PMOJ-05
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Table 1. Screening of protease producing bacterial isolates using zone of inhibition methods

Isolates The efficiency of Diameter (in mm)
PMOJ-01 223

PMOJ-02 8.6

PMOJ-03 9.15

PMOJ-04 2.1

PMOJ-05 14.05

Further species identification (Biochemical Test and microscopic examination) of isolates was
performed at the microbiology lab at AddisAbaba Science and Technology and isolate in PMOJ-
01 was identified as Pseudomonas aeruginosa while PMOJ-05 was identifiedas Bacillus subtilis

(Table 2).

Table 2. Microscopic examination and biochemical characterization of growing colonies of the
isolate PMOJ-01 and PMOJ-05

Isolate PMOJ-01

Isolate PMOJ-05

Pigment Yellow White
Margin Convex with an entire margin  Circular form and flat elevation
Gram reaction - +

Spore - +

Motility - +

Catalase ++ ++
Oxygen requirement Facultative facultative
Triple sugar iron test + (very less) +

MR + =

VP - +

Indole - -

Citrate 2 +
Mannitol utilization - -

Starch hydrolysis - +

Nitrate test + (less) +(less)
Growth in 0%NaCl + +

Growth in 2%NaCl + +

Growth in 5%NaCl - +

Growth at 0°C - -

Growth at 20°C 5 +

Growth at 37°C ++ ++
Growth at 65°C - +(less)
Urease test + -
Identified as Pseudomonas aeruginosa Bacillus subtilis
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3.2 Characterization of bacterial isolates

Maximum cell density for Pseudomonas aeruginosa (PMOJ-01) and Bacillus subtilis(PMOJ-05)
was observed when growth temperature was 45°C with the highest Optical Density (OD)
measurement of 0.429+0.001 and 0.488+0.004, and the least cell density was recorded at 5°C with
mean OD 0.142+0.002 and 0.127+0.007 respectively (Figure 3). The highest cell growth was
recorded at pH 7 with 0.659+0.013 OD and pH 8 with 0.694+0.001 OD of PMOJ-01
(Pseudomonas aeruginosa), and PMOIJ-05 (Bacillus subtilis) respectively (Figure 4). The
maximum growth of PMOJ-01(Pseudomonas aeruginosa), was obtained at 1% NaCl with cell
density (OD) of 1.31+0.035 but isolated PMOJ-05(Bacillus subtilis) also its OD measurement of
0.71£0.035 was obtained at 1 % concentrations of NaCl as shown high (Figure 5).
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3.3 Protease assay

The concentration for PMOJ-01 (Pseudomonas aeruginosa) and PMOJ-05 (Bacillus subtilis) was
0.544umole and 0.526 umole and crude enzyme activity was calculated as 0.299 U/ mL and 0.289
U/mL, respectively. Furthermore, the enzyme activity of the partially purified enzyme of PMOJ-
01(Pseudomonas aeruginosa) and PMOJ-05(Bacillus subtilis) was 0.242 U/ mL and 0.231 U/ mL,
respectively. The total solid protease sample was 1.37 U/mg for PMOIJ-01 (Pseudomonas
aeruginosa) whereas 1.199 U/mg PMOIJ-05 (Bacillus subtilis). The total solid protease of a
partially purified enzyme of PMOJ-01 and PMOJ-05 was 2.05 U/mg and 1.55 U/mg respectively.
One unit of proteolytic enzyme activity is classified as the amount of enzyme that generated an
absorbance difference per milliliter of crude or distilled extract solution after a 10-min incubation
at 37°C.

3.4 Characterization of protease enzyme

Protease production increased in both species as pH increased (Figure 6).
Pseudomonasaeruginosaand Bacillussubtilis produced the most proteases at pH 7 and 8,
respectively. Pseudomonas aeruginosaproduced more protease when the temperature was raised
to 35°C. (PMOJ-01) But, the protease production started decreasing then after till the end of work
with the lowest protease production obtained at the temperature of 65°C. But the protease
production of Bacillus subtilis (PMOJ-05) is maximum growingat 45°C (Figure 7).
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3.5 Application of protease in industries

The result of the bloodstain removal study (Figure 8) and egg albumin removal study (Figure 9)
revealed that protease from isolate PMOJ-05(Bacillus subtilis) is a promising additive for the
detergent industry as such applications are well established by the related study conducted. Thus,
the enzyme produced by our isolate could be a choice for the commercially available enzymes.In
the present dehairing study, incubation of protease with sheepskin for hair (Figure 10) and 12
hrs.showed removal scum (Figure 11) very easily without affecting the skin quality as compared to
skin treated with buffer only. However, the skin quality was damaged in the chemically treated skin.
Under similar conditions, the control skin incubated in distilled water showed no signs of Scum
removal.

Fig. 8. Effects of distilled water, Alcohol, Enzyme of PMOJ-01(Pseudomonas aeruginosa),
Enzyme of PMOIJ-05 (Bacillus subtilis) on blood-stained clothes after 30 minutes incubation.

Fig. 9. Effects of distilled water, Alcohol, Enzyme of PMOJ-01(Pseudomonas aeruginosa),
Enzyme of PMOJ-05(Bacillus subtilis) on prepared egg-stained clothes after 30 minutes
incubation.
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Fig. 10. De-hairing effect PMOJ-01(Pseudomonas aeruginosa) enzyme and PMOJ-05
(Bacillus subtilis)enzyme after 12 hours incubation

PMOJ 01 PMOJ-05

Fig. 11. Scud removal effect of PMOJ-01(Pseudomonas aeruginosa) enzyme and PMOJ-
05(Bacillus subtilis) enzyme after 12 hours incubation

4. Discussion

During the screening, isolation, and production of protease from marine microbes, Guravaiah et
al.,(2010) reported that bacteria that form a large clear zone on skim milk agar were found in the
highly proteolytic zone. After the evaluation of the entire morphological and biochemical test, the
two most promising isolates in this study were identified as Pseudomonas aeroginosa and Bacillus
subtillis. High-yielding isolates such as Bacillus sp., Alcaligenes faecalis, Pseudomonas
fluorescent, and Aeromonashydrophilia contain microbial proteases (Isiaka & Agbaje, 2016;Yu et
al., 2017). Bacillus sp., for example, is one of the most common classes of bacteria used in the
enzyme industry, and this bacterium is also known to produce efficient proteolytic enzymes
(Chandran et al., 2014b). As per the observation by Gopinath (2002), the predominant bacterial
genera in tannery sludge were Pseudomonas, Vibrio, Bacillus, andMicrococcus.

The most commercially important proteases come from Bacillus species. Their ability to
secrete large amounts of proteases with high proteolytic activity and stability at extremely high pH
and temperatures is well known (Gupta et al., 2002). Another research looked at the development
of alkaline protease from soil samples and found that 27 of the 40 bacteria isolated belonged to the
genus Bacillus (Guravaiah et al., 2010). In the current study, the predominant isolates were Bacillus,
followed by pseudomonas.When Amar (2001) looked at the microflora in tannery effluent, he

10
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discovered that Bacillus was the most common species, followed by Coryneformes, Vibrio,
Micrococcus, Pseudomonas, and Acinetobacter. Furthermore, the importance of this enzyme has
been emphasized by various researchers due to the rapid growth rate and improved genetic
manipulation production in Bacillus species (Morita et al., 1998).

The enzyme activity of the partially purified enzyme of PMOJ-01 and PMOJ-05 was
0.242U/ mL and 0.231 U/ mL and the total solid protease of the partially purified enzyme of PMOJ-
01 and PMOJ-05 was 2.05 U/mg and 11.55 U/mg, respectively. According to Kumar
(2002),Bacillus pumilus had a maximum enzyme activity of 0.065 U/ml, and Staphylococcus
auricularis had a maximum enzyme activity of 0.038 U/ml at optimum temperature, pH, and
nutrient availability. Bacillus pumilus and Staphylococcus auricularis enzymes were found to have
high activity in leather processing and biofilm degradation.About this, enzymes from the current
isolates are much better in their activities.

The effect of pH on protease activities of our isolates was consistent with (Gupta et al.,
2002) protease development findings, in which the optimum temperature and pH of partially
purified Bacillus species protease were found to be 40°C and pH 7 respectively. In a Flavobacterium
population, the optimal pH for protease development was 7.4(Masi et al., 2014a; Dewi et al., 2018).
In Bacillus polymyxa, however, protease development was best at pH 9. In different Bacillus
species, the optimal pH for protease development was between 7 and 10 (Holt et al, 1994).
Pseudomonas protease development is best at pH8 (Thangam et al., 2002).

The leather industry generates many pollutants that are environmentally detrimental,
including sulfides and chromate. There have been many reports of goat/beef dehairing using
cleansed and semi-cleansed protease (Nadeem et al., 2006). The spark removal of protease activity
has generated the interest of researchers as well as the improvement of leather quality as a chemical
methodology due to a significant reduction in toxicity (Najafi et al., 2005; Masi ef al., 2014a). In
support of the above observations, the current study confirmed the scum removal activity of protease
from our isolates with promising potential applications in the leather industry (Longo ef al., 1999).
Furthermore, blood removing study revealed that protease from PMOJ-05 (Bacillus. sp) was a
promising additive for the detergent industry in agreement with the well-established practices
reported by many authors including Nadeem et al., 2006. They studied the high capacity of
bloodstain removal by Bacillus licheniformisN-2 and Bacillus subtilis.Surprisingly, our findings
revealed that the isolates' proteolytic enzyme performed better than some commercially available
enzymes. Protein stains, such as grass, blood, egg, and human sweat, are easily removed with
proteases, which are commonly used in the detergent industry (Isiaka & Agbaje,2016; Masi ef al.,
2021).

5. Conclusion

The PMOJ-01(Pseudomonas aeruginosa) and PMOIJ-05 (Bacillus subtilis) bacterial strains are very
powerful sources for the production of protease enzymes. Leather making can produce leather with
the most softness with the aid of protease enzymes and eliminate the use of pollutant substances
such as sodium, lime, and solvents. It is, therefore, reasonable to assume the promising nature of

1"
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this enzyme for commercial applications in the detergent industry since they can degrade animal
blood and egg albumin in 30 min. so these two bacterial strains (Pseudomonas aeruginosaand
Bacillus subtilis) are very potential protease enzyme-producing. These two bacteria strain
references to detergent and leather industries.

ACKNOWLEDGMENT

We appreciate the assistance of the College Dean, Head of Department, and Lab Coordinator from
the Department of Biotechnology, College of Biological and Chemical Engineering, Addis Ababa
Science and Technology with this research work.

References

Amar, B. (2001). Fermentation of prawn shell waste and application of its products as a dietary
ingredient for the Indian white prawn, Penaeusindlcus (H.Milne Edwards). Ph.D. thesis, Cochin
University of Science and Technology, India.

Bayoudh, A., Gharsallah, Chamkha, M., Dhouib, A., Ammar, S.,.& Asri, M. (2000).
Purificationand characterization of an alkaline protease from Pseudomonas aeruginosa MNI. J. of
Industrial Microbiology & Biotechnology. 24: 291-295.

Belma, A., Zehra, N. Y. & Yavuz, B.(2002). Determination of PHB growth quantities of certain
Bacillus species isolated form soil. Turkish Elect. J. Biotechnol. Special issue, 24-30.

Chandran,M., M. Fazil, A.& N. Parthasarathi (2014a). A Comparative Study on The Protease
Producing Bacteria Isolated From Dairy Effluents of Chennai Region, Identification,
Characterization and Application of Enzyme in Detergent Formulation, Asian Journal of
Microbiology, Biotechnology and Envimental science. 16 (1):41- 46.

Masi, C., Pandian, A. A. S., Thiruvengadam, S., & Parthasarathy, N. (2014b). Enrichment and
Immobilizaiton of Enterococcus hirae In Various Matrices to Study their Protease Production
Efficiency. Journal of Pure and Applied Microbiology, 8(5), 3747-3754.

Chandran, M., Duraipandi, V., Yuvaraj, D., Vivek, P., & Parthasarathy, N. (2014b).
Production and extraction of bacterial pigments from novel strains and their
applications. RIPBCS, 5(6), 584-593.

Masi, C., Vivek, P., Sowmya, V., Sindhuja, V., & Parthasarathi, N. (2014c¢). Production and

process optimization of protease using various bacterial species—a review. Int J ChemTech
Res, 6(9), 4268-4275.

12



Tayachew Desalegn, Ketema Bacha, MesfinTafesse, Chandran Masi

Masi, C., Balaji, E., Vigneshwar, J., Chandramohan, C., Ahmed, M. F., & Parthasarathy, N.
(2014a). Isolation and Production of Proteolytic Enzyme by Bacterial Strains by Using Agrowates
as Substrate. Asian Journal of Chemistry, 26(7), 2182 -2184.

Masi, C., Vivek, P., Kotteshwari, J., Mithun, C., Uma Maheswaran, A., & Parthasarathi, N.
(2015). Cloning, expression and characterization of serine proteasegene from Entrococcus
hirae. BioTechnol: Indian J, 11(9), 328-334.

Masi, C., Balaji, E., Vigneshwar, J., & Parthasarathy, N. (2016a). Application of response
surface methodology (RSM) for protease production from Enterococcushirae and using algae as
substrate. Bio Technology: An Indian Journal, 12(3) :145 - 155.

Masi, C., Kumar, N. K., & Umesh, R. (2016b). Media Optimization, Production, Purification and
Characterization of Alkaline Protease Enzymes from Pseudomonas aeruginosa. Research Journal
of Pharma, Biological and Chemical Sciences, 7(4), 716-729.

Masi, C., Kumar, N. K., Raja, G. N., & Umesh, R. (2017). Immobilization of alkaline protease
enzyme from Pseudomonas aeruginosa on surface functionalized magnetic iron oxide

nanoparticles. Research Journal of Pharmaceutical Biological and Chemical Sciences, 8(6), 153-
161.

Masi, C., Chandramohan, C., & Ahmed, M. F. (2018). Immobilization of the magnetic
nanoparticles with alkaline protease enzyme produced by Enterococcus hirae and Pseudomonas

aeruginosa isolated from dairy effluents. Brazilian Archives of Biology and Technology, 60.
DOI:10.1590/1678-4324-2017160572

Masi, C., Gemechu, G., & Tafesse, M. (2021). Isolation, screening, characterization, and
identification of alkaline protease-producing bacteria from leather industry effluent. Annals of
Microbiology, 71(1), 1-11. https://doi.org/10.1186/s13213-021-01631.

Dewi,S.Z., YusroN.F.& Agustinus R. U. (2018). Identification of Protease-Producing Bacteria
Isolated from Banyuwedang, Bali, and Characterization of its Protease. Squalen Bulletin of Marine

and Fisheries Postharvest and Biotechnology, 13 (3):101-108.

Gopinath, S.(2002). Phosphatases from bacteria isolated from Arabian Sea and Cochin Estuary.
PhD Thesis, Cochin University of Science and Technology, India.

Gupta, R., Beg, Q.K.& Lorenz, P.(2002). Bacterial alkaline proteases: molecular approaches and
industrial applications. Appl. Microbiol. Biotechnol. 59(1): 15-32.

13



The effectiveness of Proteolytic bacteria isolated from effluent of Modjo tannery for their application in the leather and detergent industry

Guravaiah, M., Prabhakar, T., Prameela, C.H., Santhoshi,K., C.H. & Guravaiah M.V.(2010).
Screening, Isolation and Production of Protease by Marine Actinomycetes. Advanced Biotech,
10(2): 07-13.

Hatem,R., Nadia, Z. J., Fares, G., Wacim,B., FakherF., Najah,J., Samir, B., &BassemJ.
(2018). Purification and biochemical characterization of a novel detergent-stable serine alkaline
protease from Bacillus safensis strain RH12. BIOCHEMPHYS-01. 2(4).

Holt, J. G., Krieg, N. R., Sneath, P. H. A., Stately, J. T. &William, S. T.(1994). Bergey’s Manual
of Determinative Bacteriology, 9" Ed., Williams and Wilkins, Baltimore, Maryland, USA. 559.

Isiaka, A. &Agbaje,L. (2016).Keratinases: emerging trends in production and applications as
novel multifunctional biocatalysts, Kuwait J. Sci. 43 (3) pp. 118-127, 2016.

Kumar, C.G. (2002). Purification and characterization of a thermostable alkaline protease from
alkaliphilic Bacillus pumilus. Lett. Appl. Microbiol. 34: 13-17.

Longo, M.A., Novella, L.S., Garcia, L.A.& Diaz, M. (1999). Comparison of Bacillus subtilis and
Serratiamarsescenes as protease producers under different operating conditions. J. Biosci. Bioeng.
88: 35-40.

Lowery, O.H., Rosebrough, N., Farr, A.L. & Rondall, R.L. (1951). Protein measurement with
the folin phenol reagent. J. Biol. Chem. 193: 265-273.

Madan, M., Dhillon, S.& Singh, R.(2000). Production of alkaline protease by a UV- mutant of
Bacillus polymixa. Ind. J. Microbiol. 40: 25-28.

Morita, Y., Hasan, Q., Sakaguchi, T., Murakami, Y., Yokoyama, K. & Tamiya, E.(1998).
Properties of a cold active protease from psychrotrophicFlavo bacterium baustinum P104. Appl.

Microbiol. Biotechnol. 50: 669-675.

Nadeem, M., Shahjahan, B., Syed Q. A. & Qazi, J. 1.(2006). Microbial production of alkaline
proteases by locally isolated Bacillus subtilis PCSIR-5. Pak J.Zool., 38: 109-114.

Najafi, M. F., Deobagkar, D. & Deobagkar, D., (2005). Potential application of protease isolated
from Pseudomonas aeruginosaPD100. Electronic J. Biotechnol., 8: 197-203.

Pastor, M. D., Lorda, G. S. & Balatti, A. (2001). Proteases production using Bacillus subtilis-
3411 and amaranth seed meal medium at different aeration rate.Brazilian J. Microbiol., 32: 6-9.

14



Tayachew Desalegn, Ketema Bacha, MesfinTafesse, Chandran Masi

Rao, M.B., A.M. Tanksale, M.S. Ghatge, & Deshpande, V.V. (1998). Molecular and
biotechnological aspects of microbial proteases. Micro biol. Mol.Biol.Rev. 62: 597-635.

Singh, J., Vohra, R.M. & Sahoo, B.K.(2001). Purification and characterization of two
extracellular alkaline protease from a newly isolated obligate alkaliphilic Bacillus sphaericus. J.
Ind. Microbiol. Biotechnol. 26: 387 - 393.

Sudha, J., Ramakrishnan, V., Madhusudhanan, N., AsitBaranMandal& Gurunathan,
T.(2010). Studies on industrially significant haloalkaline protease from bacillus sp. Jsgt isolated
from decaying skin of tannery. Adv. Lab. Res. Biol. 1(1): 60-67.

Takami, H., Akiba, T.& Horikoshi, K. (1989). Production of extremely thermo stable alkaline
protease from Bacillus sp. no. AH 101. Appl. Microbiol. Biotechnol, 30: 120-124.

Thangam, E. B., Nagarajan, T., Suseela, R. G.& Chandrababu, N. K. (2001). Application of
alkaline protease isolated from Alcaligenesfaecalis for enzymatic un-hairing in tanneries. J. Ind.
Leather.37: 215-222.

Thangam, E.B. & Rajkumar, G.S.(2002). Purification and characterization of alkaline protease
from Alcaligenesfaecalis. Biotechnol. Appl. Biochem. 35: 149-154.

Wang, H. Y., Liu, D. M., Liu Y., Cheng, C. F., Ma, Q. Y., Huang, Q. &Zhang, Y. Z.(2007).
Screening and mutagenesis of a novel Bacillus pumilus strain producing alkaline protease for
dehairing. Letters in Appl. Microbiol. 44: 1-6.

Yu, Z., Wei, Z., Jian, N., Ting-Ting, X., Ling, W., Lu-E, S.& Zhen-Xing, T.(2017). Evaluation
of partial characteristics of the strain Enterococcus faecalis P3 isolated from peacock fecesin
vitro, Kuwait J. Sci. 44 (1) pp. 91-98.

Submitted: 28/06/2021
Revised: 03/01/2022
Accepted:  07/01/2022
DOI: 10.48129/kjs.14053

15





