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Abstract 

Bacillus licheniformis was a good bacterial isolate as producer of protease enzyme, its productivity for the 

enzyme enhanced and improved via UV irradiation for different time periods. Forty eight mutants resulted 

from UV irradiation were higher enzyme producers than WT after 24h of incubation. Forty eight mutants 

were tested for their enzyme productivity by colorimetric determination total protein analysis; four were 

the best producers 2, 4, 15 and 26. The best four producer mutants were compared and analyzed against 

each other and against WT by total cellular protein molecular analysis via SDS-PAGE.   

 

Keywords: UV- Mutagenesis, Bacillus licheniformis, protease, DNase, Alkalophilic Bacteria, Proteolytic 

Bacteria. 

  

Introduction 

 
Enzymes are substances present in the cells of living organisms in minute amounts and are capable of 

speeding up chemical reactions (associated with life processes), without themselves being altered after the 

reaction. They accelerate the velocity of the reaction without necessarily initiating it (Oyeleke and 

Oduwole, 2009). Extracellular hydrolytic enzymes such as amylases, proteases, lipases, DNases, 

pullulanases, and xylanases have quite diverse potential usages in different areas such as food industry, 

feed additive, biomedical sciences, and chemical industries (Fekadu Alemu 2015). 

 

Proteases are classified into three groups based on their acid base behavior that is, acid, neutral, and 

alkaline proteases (Dalal Rupali 2015). Acid proteases have a pH range of about 2.0-5.0 and they are 

produced only by fungi. Neutral pH of protease ranges from 7.0-8.0 and they are mainly of plant origin and 

finally proteases with pH above 8 are said to be alkaline proteases (Hanan Alnandi. 2012). Proteolytic 

enzymes are ubiquitous in nature and they are found in all living organisms such as plants, animals and 

microbes (Srinivas Naik et al., 2013). The microbial production of proteases is preferred more than others 

sources because microbes can be grown and cultivated in a very small space. They grow faster and can be 

genetically modified easily (Arun Kumar Sharma, et al., 2015).   

 

Materials 
 

Media  

 

 Casein agar medium with following components (g/l): 0.5% of casein, 0.5% of glucose, and 2% of 

agar (w v-1) (Rodarte et al., 2011). 

 LB medium that composed of 10g tryptone, 5g yeast extract, 5g NaCl and 20g agar for one litre 

(Sambrook, J. & Russell, D. W. 2001). 
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 Skim milk medium  composed of 28g SM powder, 5g tryptone, 2.5g yeast extract, 1g glucose and 15g 

agar (in one litre dH2O) (HIMEDIA) 

 

SDS-PAGE 

 

Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) was used to separate proteins 

with relative molecular mass no smaller than 10 KD.  Very small proteins (<10 KD) are difficult to resolve 

due to low ability of binding to SDS, which can be solved by gradient gels or using different 

electrophoresis conditions, like Tricine-SDS-page (Laemmli 1970).  According to (Laemmli 1970 & 

Harlow and Lane 1988 & Sambrook, and Russell 2001), SDS-Polyacrylamide Gel Electrophoresis was 

prepared for analysis of the expressed proteins (Khedr et al., 2017).  

  

Material and Methods 
 

Sample collection and isolation  

 

Sample Collection and Isolation of Alkalophilic and Proteolytic Bacteria Samples were collected from 

different soil areas from Egypt.  Each sample was kept in clean sterile sample bottles stored at 4°C. The soil 

samples were suspended in water by vigorous vortexing and serial dilutions were made in sterile distilled 

water. 0.1 ml of appropriate dilution were added to petri plate on skim milk agar plate containing peptone 

(0.5%), NaCl (0.5%), Agar (2%) and skimmed milk (10%) at pH 8 and incubated at 50°C for three days. 

Alkaliphilic proteolytic bacteria were screened. A clear zone formed colonies at pH 8 were picked and 

purified by streaking on skim milk agar.  

 

Screening protease producer isolates  

 

Alkalophilic strains were screened on the basis of clear zone on casein agar medium, size for further 

selection of single isolate on the quality of enzyme produced under submerged condition. The supernatant 

from each isolate was used as crude enzyme for observing individual wash performance. 

 

UV-Mutagenesis  

 

The UV irradiation was used to induce mutations in Bacillus licheniformis according to modified method 

of (Khalil 2003 and Khedr et al., 2017) where, cells suspension of overnight culture was prepared by 

shaking for five min. Cells were exposed to Ultraviolet Irradiation (UV) at a distance of 20 cm for 3, 5, 7 

and 10 minutes.  After irradiation the treated suspension protected from light for 1h by keeping in dark 

place.  One ml from treated cells with suitable dilution was plated on LB, LB supplemented with casein 

and minimal casein (Witkin 1969). 

 

Folin Ciocalteu phenol reagent (F9252 Sigma-Aldrich) 

 

This reagent was diluted three times before use (1ml reagent with 2 ml of distilled water) and used to 

determine the total protein from lysed cells as an indicator for gene expression and enzyme productivity.  

One  ml sample and  5ml of reagent (C) were added and left to stand for 10min at room temperature, then 

0.5ml of Folin reagent was added and mixed immediately (using Vortex) and left for 20min.  

 

The blue color formed was measured at 750 nm using UV/Vis Spectrophotometer (Shimadzu model 

1024UV).  A standard curve was prepared with bovine serum albumin (crystalline BSA) with 

concentration ranges of 0.1 to 0.5 mg/ml. The blank was done without protein (distilled water and the 

reagents (Lowry et al., 1951). 
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Results and discussion  

 
Isolation and screening of Protease producer 

 

Protease-producing bacteria were isolated and purified on casein medium.   After 24h of incubation; the 

bacterial growth with clear zone around marked as a positive producers. Promising Protease-producing 

isolates were tested on Casein agar medium and the most potent isolate was selected for genetic 

modification. Nayab et al., 2015 were isolate 18 protease producer bacterial isolates out of 60 isolates on 

skim milk agar plates and these isolates diverse between higher Proteolytic and lower Proteolytic isolates.  

  

   
Figure (1): isolation and purification promising protease producser bacterial isolates on casien agar plates. 

 

The most potent isolate is number 9 with 27 mm clear zone, followed with two isolates 6 and 31 with 25 

mm clear zone. Isolate number 9 was the best protease producer and selected to the next step of study. 

 

Table (1): screening protease productivity by clear zone (mm) on casein agar for 24h of incubation at 

50
o
C. 

No. 
Code 

No. 
Source Clear Zone (mm) Organism* 

1 1 Clay soil cultured with wheat 20 Bacillus subtilis 

2 5 Clay soil cultured with rice 16 Bacillus circulans  

3 6 Clay soil cultured with rice 25 Bacillus cereus  

4 7 Clay soil cultured with rice 14 Bacillus subtilis 

5 9 Clay soil cultured with rice 27 Bacillus licheniformis  

6 11 Clay soil cultured with rice 20 Bacillus subtilis 

7 12 Clay soil cultured with rice 18 bacillus thuringiensis 

8 15 Clay soil cultured with rice 16 Bacillus circulans  

9 18 South Sinai soil 12 Bacillus licheniformis  

10 20 Clay soil cultured with wheat 22 Bacillus cereus  

11 21 Clay soil cultured with wheat 23 Bacillus subtilis 

12 22 Clay soil cultured with wheat 14 Bacillus subtilis 

13 23 Clay soil cultured with wheat 17 Bacillus circulans  

14 24 Clay soil cultured with wheat 10 Bacillus cereus  

15 25 Clay soil cultured with wheat 12 Bacillus subtilis 

16 26 Clay soil cultured with wheat 11 Bacillus cereus  

17 27 South Sinai soil 16 Bacillus subtilis 

18 28 South Sinai soil 19 Bacillus cereus  

19 29 Clay soil cultured with wheat 21 Bacillus cereus  

20 30 South Sinai soil 22 Bacillus subtilis 

21 31 South Sinai soil 25 Bacillus cereus  
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22 32 South Sinai soil 12 Bacillus licheniformis  

23 33 Clay soil cultured with wheat 15 Bacillus cereus  

24 34 South Sinai soil 18 Bacillus subtilis 

25 35 Clay soil cultured with wheat 10 Bacillus circulans  

26 36 South Sinai soil 13 Bacillus cereus  

27 38 Hot spring soil in Sinai 15 bacillus thuringiensis 

28 41 Hot spring soil in Sinai 17 Bacillus cereus  

29 44 Hot spring soil in Sinai 13 Bacillus cereus  

 

The most potent isolate was Bacillus licheniformis 90 and obtained from Khedr, et al., 2017 with 

phylogenetic tree as in figure (1).  

 

 
Figure (2): phylogenetic relationship between Bacillus licheniformis and other members of Bacillus sp. 

 

Genetic modification of Protease-production via UV irradiation 

 

The most potent strain Bacillus licheniformis MK90 was grown on the production medium at 55
o
C, pH 7.0 

for 24h. Strain Bacillus licheniformis as a Parental stain or WT treated with UV radiation at wave length 

254.5 for different periods of time 3, 5, 7 and 10 minutes and all the available colonies appeared after UV 

treatment.  All colonies were grown on casein agar medium and tested for their ability to produce protease 

enzyme.  Mutants divided in to active and inactive producer. Among the mutants; about fifty mutants show 

high enzyme productivity.   

 

From fifty mutants; four mutants considered the highest protease producers were 2, 4, 15 and 26. Also, 

Khedr et al., 2017 were improving alpha-amylase productivity from Bacillus licheniformis MK90 through 

UV irradiation. Twenty mutants out of 180 mutants isolated after UV treatment grown on fermentation 

medium supplemented with 1.5% starch as a carbon source. Three mutants (UV-5-M3, UV-3-M17, and 

UV-5-M121) were higher α-amylase producers, 133.3%, 111% and 151.8% respectively compare with 

parental strain as 100%.  
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Figure (3): Determination total protein content for forty eight UV mutants via Folin reagent after 24h. 

 

 
Figure (4): Determination total protein content for forty eight UV mutants via Folin reagent after 48h. 

 

SDS-PAGE analysis 

 

Total cellular protein extracted from the higher enzyme producing mutants UV-mutants UV-m2, UV-m4, 

UV-15,   and UV-26 beside parental strain.  

 

SDS-PAGE with protein marker performed and results presented in Figure (4). Gel was analyzed with gel-

analyzer 2010 software and results showed remarkable differences between WT and the selected mutants. 

Mutant 4 was showed 8 bands only while WT showed 10 bands. Mutant 15 and 26 showed 13 bands while 

mutant 2 showed 12 bands. Khedr et al., 2017 noted a high variance was notice between the two mutants 

and WT; the mutant ET-4-12 showed 20 bands on gel and ET-10-4 showed 18 bands, while WT showed 
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18 bands. Molecular weight of WT α-amylase recorded 65 KDa similar to Murakami et al., (2007) results 

as they describe Amylase as a single band with 65 kDa by SDS polyacrylamide gel electrophoresis, while 

ET-4-12 amylase was 60 KDa, but ET-10-4 was 58 KDa which nearly close to Haq et al., (2010)   

 

 
Figure (4): SDS-PAGE analysis for total protein of the most potent producer mutants 2, 4, 15 and 26 in 

comparison with WT. 
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