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Abstract 
Proteases are one of the enzymes required that have a significant impact on biotechnology. Bacillus subtilus MS1, a bacterial 

strain obtained from sewage sediment that could produce protease enzyme on skim milk agar. The isolate was identified as 

Bacillus subtilus MS1 with accession number KY621344 based on biochemical tests, microbiological, and 16S rRNA gene 

sequences. Various cultural conditions were optimized to become the maximum yield of enzyme production of 9.322 U/ml. 

Based on the optimization results, a significant scale culture was created utilizing glucose as a carbon source and peptone as a 

nitrogen source at 50°C for 48 h.  Purification of the protease was achieved using 60% ammonium sulphate and Sephadex G-

100 with a molecular weight of 30 kDa. The protease's activity maximized yields 24.437 U/mg at pH 10 and 50°C, and it 

remained stable at pH 6.0-11.0 and 30–80°C. In the presence of phenylmethyl sulphonyl fluoride (PMSF) and silver ion (Ag+1) 

the protease activity was suppressed. The purified protease enzyme occurred a greater stain removal. 

Keywords: Bacillus subtilus MS1, protease optimization, protease activity, stain removal. 

 

1. Introduction 
Bioactive compounds and extracellular enzymes such 

as proteases, cellulases, amylases, pectinases, and 

chitinases were produced by bacterial colonies and 

fungi. The majority of enzymes employed in 

biotechnological, and industrial processes nowadays 

are hydrolytic and they are utilized to degrade a variety 

of natural compounds [1]. Extracellular protease and 

amylase account for 60% of the global industrial 

enzyme industry, with a wide range of applications in 

leather, detergents, food, and pharmaceutical 

industries [2]. Proteases were the main class of 

industrial enzymes that account for over 60% of the 

global enzyme market and 40% of global enzyme 

sales. Proteases were made up of a group of enzymes 

that include (peptidases, proteinases, and amidases) 

and are not only a single enzyme [3]. Proteinases 

hydrolyzed entire protein molecules, releasing amino 

acids and peptones in the process. Peptidases 

hydrolyzed peptones and release amino acids, whereas 

amidases accelerate amino acid hydrolysis and release 

ammonia [4, 5].  Proteases were classed as acidic with 

pH 2.0-6.0, neutral with pH 6.0-8.0, or alkaline with 

pH 8.0-13.0 enzymes based on their pH [3, 6]. 

Catalytic activity, substrate selectivity, temperature, 

pH, stability profiles, and active site specificity are all 

characteristics of distinct types of proteases [7]. 

Proteases could be found in a wide species including 

plants, microbes, and animals. Nonetheless, plant and 

animal-derived proteases are unable to fulfill rising 

industrial needs prompting a surge in interest in 

microbial proteases [8-10]. Alkaline proteases 

(APases) made up more than half of all microbial 

proteases produced worldwide, with specific 

applications [11, 12]. Because microbial APases had a 

shorter doubling time than plants and animals, they 

could meet market demand for a variety of industrial 

processes [1]. Several microbes included Vibrio spp. 

[13], Bacillus sp. [11, 14], Pseudoalteromonas sp. 

[15], Streptomyces sp. [16], and Haloarchaea [17] 

might be of great interest as potential APases 

producers. As a result, in this investigation, an attempt 

was undertaken to screen protease-producing bacterial 

isolates in sewage sediment from the industrial region 

Egyptian Journal of Chemistry 
http://ejchem.journals.ekb.eg/ 

 

126 
 



 Manal Selim Mohamed Salim et.al. 

_____________________________________________________________________________________________________________ 

________________________________________________ 

Egypt. J. Chem. 66, No. 3 (2023) 

 

 

282 

of West Alexandria for potential detergent 

applications. 

2.Experimental: 
All used chemicals in this study were purchased 

from the Sigma Chemical company 

2.1 Source of samples 
         Sewage sediment of an industrial region in West 

Alexandria and transferred to the laboratory in an 

icebox maintained at 4ºC for further study. 2.2 
Isolation of bacteria 
        Bacteria were isolated for protease enzyme using 

a serial dilution method described by [18]. Samples 

were inoculated on skim milk agar plates containing 

g/l:  peptone 1, NaCl 5, and skim milk 100 at pH 10, 

then incubated at 37 ± 2°C for two days [19]. Bacterial 

isolates were primarily purified on nutrient agar 

medium and routinely maintained at 4°C on culture 

purity was determined from colony morphology. 

2.3 Screening for best strain produced protease 
          The isolates were screened for best strain-

produced protease by plate assay using protease 

specific medium containing (g/l): K2HPO4 2, glucose 

1, peptone 5, gelatin 15, and agar 20. The clear zone 

diameters were measured after 24 h of incubation at 

28°C by flooding the plates with mercuric chloride 

solution, this method was referred to as the gelatin 

clear zone method [20]. 

2.4 Production of Protease 
        The culture-positive for alkaline protease was 

grown under optimal conditions for the enzyme 

production in 100 ml of Horikoshi I medium [21] 

containing (g/l): glucose 5, peptone 7.5, sodium 

chloride 5, magnesium sulfate 5, and ferrous sulfate 

0.1 with the pH of 10.0. The medium was incubated 

for 48h in a shaker incubator (120 rpm) at 37°C. The 

fermented broth was filtered and the filtrate was 

centrifuged at 5000 rpm for 5 minutes to extract the 

crude extracellular protease. The culture filtrate was 

used for further assay procedures. 

2.5 Protease assay 
        Protease activity was determined by modifying 

Anson's method [22]. The reaction mixture containing 

2 ml of 1% (w/v) casein solution in 0.05 M glycine- 

NaOH buffer (pH 10) and 1 ml of enzyme solution 

were incubated at 40°C for 20 min. The reaction was 

then stopped by adding 3 ml of 10% (w/v) 

trichloroacetic acid. After that, the entire mixture was 

centrifuged at 5000 rpm for 20 min at 4°C and 

absorbance of the liberated tyrosine was measured at 

280 nm against blank. One unit of protease was 

defined as the amount of enzyme that released1 

micromole of tyrosine per minute under the assay 

conditions [22]. 

2.6 Identification of the highest protease activity 

          The promising strain which produces the 

highest protease activity was identified based on 

morphological, physiological, and biochemical 

characteristics [23] combined with 16S rRNA gene 

sequencing using universal primers 

27F5'(AGAGTTTGA CCTGGCTCAG)3' and 1492R 

5'(GGTTACCTTGTTACGACTT)3' [24]. Data were 

submitted to the Gene Bank database. The DNA 

sequence was compared with the Gene Bank database 

in the NCBI (http://www.ncbi.nlm.nih.gov) using the 

BLAST program [25]. 

2.7 Optimization of the production medium 
          The promising stain was subjected to different 

culture physicochemical and nutritional conditions to 

derive the optimum conditions for maximum protease 

was evaluated. 

2.7.1 Effect of physicochemical parameters 
            Subsequently, the medium component studied 

included the effect of different incubation times (1, 2, 

3, 4, and 5 days), different pH (6, 7, 8, 9, 10, and 11), 

and different temperatures (20, 30, 40, 50, 60 and 

70°C). All the experiments were carried out in a 500-

ml Erlenmeyer flask containing 100 ml of basal 

medium in triplicate. 

2.7.2 Effect of nutritional parameters 
            Glucose in the production medium was 

substituted with other carbon sources, including 1% 

(w/v) (maltose, fructose, sucrose, lactose, glycerol, 

and starch) the various carbon sources were 

autoclaved separately and added to the medium on an 

equal carbon basis, and different nitrogen sources 

were investigated by substituting the peptone in the 

production medium (Horikoshi-I), with different 

sources of organic and inorganic nitrogen sources 

(0.5%, w/v) the organic nitrogen sources included 

yeast extract, casein, skim milk, and beef extract; 

while inorganic nitrogen sources included ammonium 

nitrate, ammonium sulfate, sodium nitrate, and urea. 

2.8 Determination of protein content 
      Protein content was measured according to 

Bradford, [26] using bovine serum albumin as the 

standard. 

2.9 Purification of protease 
 

      Cell-free supernatant was precipitated from the 

supernatant with ammonium sulfate (0–80%) 

saturation according to (Dixon, 1953). Protease active 

fraction was pooled, centrifuged (5,000 rpm, 30 min) 

and the precipitate was dissolved in a minimal amount 

of 0.05 M Tris-HCl buffer pH 8.0 and dialyzed 

overnight at 4°C against the same buffer. The 

Sephadex column was equilibrated with 0.05 M Tris-

HCl buffer pH 8.0. The dialyzed enzyme sample was 

loaded onto a Sephadex G-100 column (2.6 × 75 cm) 

and then eluted with the same buffer. Fractions each of 

5 ml were collected at a flow rate of 30 ml/h. The 

fractions showing absorbance at 280 nm were 

analyzed for protease activities and the active fractions 

were pooled and dialyzed against the same buffer. The 

protein content was measured and protease activity 

was assayed as described before. 
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2.10 Characterization and properties of the 
purified protease 
2.10.1 Sodium dodecyl sulfate-polyacrylamide gel 
electrophoresis (SDS-PAGE) 
       The molecular weight of the purified protease was 

determined by SDS-PAGE according to the method of 

Laemmli,  [27]. The strength of the gel was 12% (w/v) 

and the protein bands were stained with Coomassie 

brilliant blue R 250. Medium range (29-205 kDa). 

Molecular weight markers were used to determine the 

molecular mass of purified protease. The markers 

were: carbonicanhydrase (29 kDa), albumin (egg) (45 

kDa), bovine serum albumin (66 kDa), phosphorylase 

(97 kDa), β-galactosidase (116 kDa), and myosin (205 

kDa). 

2.10.2 Effect of temperature on the activity and 
stability of protease 
          The effect of reaction temperature on protease 

activity was determined by incubating the reaction 

mixture at different temperatures ranging from 20 to 

80°C in 0.05 M glycine- NaOH buffer. The thermal 

stability of the purified enzyme was determined by 

pre-incubating the enzyme solution for up to1 h at 

various temperatures (from 20°C to 80°C) in the 

absence of substrate. At different times (10–60 min), 

aliquots were removed and cooled and the residual 

activity was measured by the standard assay method as 

previously mentioned. 

2.10.3 Effect of pH on the activity and stability of 
protease 
         The optimum pH for the purified protease 

activity was measured at different pH values (6-12) by 

using a 1% (w/v) solution of casein as a substrate 

dissolved in different buffers determined (0.05 M): 

phosphate (pH 6-7) Tris–HCl (pH 8-9) and glycine-

NaOH (pH 10-12). After incubating each reaction at 

37ºC for 20 min., enzymatic activity was detected. The 

pH stability of the enzyme was determined by pre-

incubating the enzyme solution at different pH values 

ranging from 6.0 to 11.0 for 2 h. at 4ºC. The residual 

activities were then measured according to the 

standard assay procedure. 

2.10.4 Effect of inhibitors and metal ions on 
protease activity 
          Effects on protease activity of various inhibitors 

(each at 5mM) such as phenylmethyl sulphonyl 

fluoride (PMSF), cysteine inhibitors p-chloromercuric 

benzoate (pCMB), ethylene diamine tetraacetic acid 

(EDTA), and metal ions (Ca+2, Zn+2, Mg+2, Co+2 , and 

Ag+1), each at 5 mM concentration on protease activity 

were studied. The purified enzyme was pre-incubated 

with the above inhibitors and metal ions for 30 min at 

40°C. Then the remaining activity was measured 

routinely. 

2.11 Mode of a protease enzyme on the stains  
        The application of protease enzyme as a detergent 

additive was studied on white cotton cloth pieces (5×5 

cm) stained with human blood and chocolate as per 

[28]. The cloths were incubated with 2 ml of the 

purified protease at 50ºC for 20 min and 40 min. After 

incubation time, each piece was rinsed with water for 

2 min and then dried. The same procedure was done 

for the control except for incubation with the enzyme 

solution. 

 

3. Results and Discussion  
3.1 Isolation and screening of protease 

producing microbes 
         Microbial proteases are one of the enzymes 

required that had a significant impact on 

biotechnology.  The potentiality of bacterial-

producing isolates was determined by measuring the 

clear zone produced around the colony. The potential 

bacterial isolates 4 were selected as the most potential 

protease producer isolate from a total of 10 

morphologically distinct bacterial colonies isolated 

from the sediment of sewage. Colorimetric evaluation 

[29], Zymographic tools [30],  and incorporation of 

different substrates in nutrient agar plates, such as 

casein [31], and skim milk [32] were all described as 

methods for estimating proteolytic activity. In this 

study, Bacillus sp. strain was the most protease 

producer isolate so it was selected among 4 potential 

bacterial isolates (Figure 1). Proteolytic activity was 

evaluated utilizing skim milk agar and recorded as the 

diameter of a clear zone in mm, which was 17 mm in 

this study. 

 
Fig. 1 Protease activity of selected bacterial isolates 

3.2 Identification of isolate by 16S rRNA gene 
sequencing 

           Biochemical tests of the selected isolate 

indicated that was Bacillus sp. The results were Gram-

positive, rod shape, motile, and catalase-positive 

while, the Indole, oxidase, and nitrate reduction were 

negative. To prove and further confirm the isolate's 

species identification, a molecular approach was 

applied. The 16S rDNA partial sequence was 

evaluated and compared to Gene Bank databases. 

Bacillus subtilus MS1 with accession number 

KY621344 similarity 99% to Bacillus subtilus was 

identified. The neighbor-joining technique was used to 

create phylogenetic relationships based on several 

Bacillus species (Figure 2). The neighbor-joining 
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technique was used to create phylogenetic 

relationships based on several Bacillus species Similar 

to [31], who obtained 52 bacteria from sand and water 

samples, and Bacillus cereus being the best isolate.  

Fig 2. Phylogenetic tree of the Bacillus subtilus MS1 

partial 16S rRNA sequence in comparison to closely 

similar sequences in GenBank databases. 

3.3 Optimization of protease production 

            To enhance enzyme production and make the 

process less cost-effective, process parameters should 

be optimized. Despite the reality that different Bacillus 

species have similar growth patterns and enzyme 

profiles, the optimal environment condition for each 

strain varies. Bacillus cereus HP RZ17 and 

Paenibacillus xylanilyticus HP RZ19 produced the 

most protease throughout two days at 30°C and an 

alkaline pH (Jadhav et al., 2020). In the current study, 

the Bacillus subtilis MS1 strain was treated with 

several growth conditions in determining the most 

effective culture conditions for protease production. 

The conclusions of the incubation period investigation 

revealed the highest growth rate and protease activity 

were observed 7.482 U/ml at was observed at 

incubation period after 2 days (Figure 3), and the 

maximum bacterial growth and protease production 

were noted at 7.576 U/ml at pH 10.0 (Figure 

4),  Protease was increased by increasing the 

incubation temperature and the maximum yield was 

found 9.322 U/ml at 50°C (Figure 5) and then an 

increase of temperature decreased protease synthesis, 

different carbon sources (maltose, sucrose, fructose, 

lactose, starch, and glycerol) at a concentration of 1% 

the maximum protease activity was found in case of 

glucose as a carbon source that 9.298 U/ml (Figure 6), 

and the various organic and inorganic nitrogen sources 

effect of the bacterial growth and protease synthesis 

from Bacillus subtilus MS1was indicated in Figure (7) 

peptone gave the best enzyme productivity 9.33 U/ml. 

Kanmani et al [31] investigated that the Bacillus 

generally produces extracellular protease during the 

late proliferative growth, according to an experiment 

to investigate protease production at pH 9-13. 

 Fig.3 The effect of the incubation period on the 

production of alkaline protease 

 
Fig.4 The effect of the pH on the production of 

alkaline protease 

 
Fig. 5. The effect of the temperature on the production 

of alkaline protease production 

 
Fig. 6. The effect of the different carbon sources on 

alkaline protease production 
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Fig.7 The effect of different nitrogen sources on 

alkaline protease production 

3.4 Protease purification 
        The purification of protease by ammonium 

sulfate then Sephadex G-100 the precipitation of 

protein was 4.65 and 1.024 mg, and the specific 

activity for the enzyme was 67.558 and 237.773 U/mg 

respectively (Table 1). At the end of the purification 

yields 24.437 U/mg by using the Sephadex G-100 

from the crude extract (Figure 8). The proteins in 

fractions 4-10 were collected and concentrated by 

ammonium sulphate precipitation for further 

purification by gel filtration chromatography, 

according to the quantity of protease activity from 

Limosilactobacillus fermentum R6 [33]. Also, 

Kanmani et al  [31] used ammonium sulphate 

saturation to partially purify and lyophilize an enzyme 

from Bacillus cereus. The 80 percent saturation gave a 

maximum saturation of 0.9 g, while Rao et al.  [34] 

used an ethanol precipitation protocol to partially 

purify and concentrate three major proteins with 

protease activity from the crude extract. 

3.5 Optimization of the purified protease activity 
        The purified extracellular protease from Bacillus 

subtilus MS1 in the temperature range of 30-80°C and 

exhibited the maximum level of initial velocities at a 

temperature of  50°C the activity was 12.181 U/ml 

(Figure 9) and the thermal stability examined at range 

30-100°C for 10-60 minutes Figure (10) indicated that 

the activity of the enzyme after 50°C start decrease till 

100°C and the stable range 30-80°C. Figure (11) 

showed that expressed protease activity over a broad 

pH range (6-11) and exhibited a maximum level of 

initial velocities at pH 10 the activity was 12.177 U/ml 

and for the pH stability at range (8-11) showed in 

Table (2). Effects on protease activity of various 

inhibitors phenylmethyl sulphonyl fluoride, cysteine 

inhibitors p-chloromercuric benzoate, 

ethylenediamine tetra acetic acid and metal ions of 

calcium (Ca+2), zinc (Zn+2), magnesium (Mg+2), cobalt 

(Co+2), and silver (Ag+1) indicated in table 3 the 

highest relative activity 140% for Ca+2 and could be 

inhibited by PMSF and Ag+1. Sun et al. [33] study the 

protease produced by Lactobacillus fermentum R6 had 

the highest activity at pH 6, 40°C and protease activity 

could be inhibited by ethylenediamine tetra acetic acid 

disodium salt (EDTA). The purity of protease was 

assured by SDS-PAGE where the molecular weight of 

the enzyme was 30 kDa. Beg and Gupta, [35] stated 

that the molecular mass of protease from B. 

mojavensis was 30 kDa.  Mostly, the molecular weight 

of alkaline proteases from different Bacillus species 

extended between 17-40 kDa [36-41], with little 

exceptions of high molecular weight, up to 90 kDa 

from Bacillus subtilis [42]. Temperature 40°C, pH 9.0, 

35 ppt salinity, and 3% casein as the ideal substrate 

were used to optimize the protease enzyme from 

Bacillus cereus [31]. 

 

 
Table. 1. Summary of the purification of protease  

 
Fig 8. Elution profile of protease by Sephadex G-100 

column (2.6 × 75 cm) with a flow rate of 30 ml/h 

 
Fig.9 Effect of temperature on the activity of purified 

protease 
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Fig.10 Thermal stability of the purified protease  

 

 
Fig. 11 Effect of pH on the activity of purified 

protease 

 
Table 2.  Effect of pH on the Stability of purified 

protease 

pH Residual activity (%) 

7 11 

8 78.63 

9 90.88 

10 111 

11 95.96 

 
Table 3. Effect of inhibitors and metal ions on 
protease activity 

Inhibitors/ Activator 
(5mM) 

Relative Activity (%) 

Control 100 

PMSF 0 

PCMB 60 

EDTA 50 

Ca2+ (CaCl2) 140 

Mg2+ (MgCl2) 105 

Zn2+ (ZnCl2) 80 

Co2+ (CoCl2) 60 

Ag+ (AgNO3) 0 

3.6 Mode of a protease enzyme on the stains  
         The enzyme preparation was supplemented as 

detergent significantly improves the cleaning within 

20, and 40 minutes after different incubation times, 

each piece was rinsed with water for 2 min and then 

dried Figure 12 showed the effect of the enzyme to 

remove both blood and chocolate so, we can have used 

the purified enzyme. The usage of protease from 

Bacillus subtilus MS1 as a detergent addition was 

investigated to see if it improved the washing 

performance of detergent stained with human blood 

and chocolate similar to that study Kanmani et al [31], 

purified enzyme from Bacillus cereus was used in the 

stain removal of egg yolk, blood, and chocolate stains, 

and Nadeem et al.  [43] agreed that Bacillus 

licheniformis N-2 had a high capability of removing 

blood stains, indicating its potential in the detergent 

industry. 

 
       A                   B                    C                     D 

 
     E                            F                           G                          H 

 

Figure 12. A. Bloodstain cloth, B. Bloodstain cloth 

washed with water only (control), C. Bloodstain cloth 

washed with protease for 20 min., D. Bloodstain cloth 

with protease for 40 min. E. Chocolate stain cloth, F. 

Chocolate stain cloth washed with water only 

(control), G. Chocolate stain cloth washed with 

protease for 20 min. H. Chocolate stain cloth with 

protease for 40 min. 

 

4. Conclusion 
The parameters and characteristics of Bacillus 

subtilus MS1 protease, which was isolated from 

sewage sediment in West Alexandria was useful 

for potential applications on detergent additives 

to remove the stains.  
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