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ABSTRACT: Over 60% of the global productions of industrial enzymes are proteolytic enzymes in which 

about 35% are alkaline proteases. The current microbial sources are unable to reach industrial demands 

of alkaline protease which led scientists to search new sources with enhanced enzyme activity. 

Therefore, we applied UV irradiation to develop a Pseudomonas aeruginosa mutant as a new source of 

protease overproduction, followed by cultural and nutritional optimizations. The mutagenesis was carried 

out by exposing parent strains to UV radiation (30w, 2537 Å) at 25 ºC with a different time interval. The 

protease activity was estimated as relative protease activity and standard protease assay (OD660). 

Among all, mutant strain P. aeruginosa–M25 (PA-M25) exhibited 75.47% increased protease activity 

over the parent strain in submerged fermentation. It showed 612.84±2.50 U/ml of alkaline protease 

production compared to 349.26±2.57 U/ml by wild-type strain (significant at P≤0.005). Besides, the 

effects of nutritional factors on the protease production by PA-M25 were also studied. We found the 

optimal alkaline protease production in the medium (adjusted to pH 9.0) supplemented with 1% (w/v) 

glucose as carbon source, 0.5% (w/v) casein as nitrogen source and 2% (w/v) NaCl when incubated at 

35 ºC for 48 h without agitation. We believe that the mutant PA-M25 could be a potential candidate to 

meet the growing protease demands. However, further assessments regarding the characterization of 

the protease enzyme, as well as the industrial fitness of the mutant, are warranted. 
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INTRODUCTION 

Proteases (EC 3.4.21) are ubiquitous in biological 

systems and are well-known for their wide range of 

applications in food, detergent, and biomedical 

industries. Globally, proteases alone contribute ~65% 

market share among all industrial enzymes [1, 2] about 

40% of which are microbial proteases [3]. Microbial 

proteases can catalyze the hydrolysis of proteins to 

release amino acids and serve many industrial 

applications. For instance, alkaline proteases mostly 

used in detergent formulations, which constitute 30% of 

the world’s total enzyme production, due to their 

stability and high activity at the higher pH range [4]. 

Laundry detergents usually maintain a pH range 

between 9-12, therefore, alkaline proteases are necessary 

for the efficient breakdown of stained proteins [5,6]. In 

addition, alkaline proteases are used in numerous other 

industries (e.g., foods, pharmaceuticals, peptide 

synthesis industries, etc.) as well as in degradation of 

proteinaceous waste and extraction of silver from used 

X-ray film [7–9]. Therefore, there is a pressing need for 

new sources of alkaline proteases with improved 

specificity and stability to meet growing industrial 

demand [10]. 
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The production of alkaline protease by different strains 

of Pseudomonas aeruginosa is well documented [11]. 

However, their native protease activity is insufficient to 

serve industrial purposes [12]. In addition, proteases are 

prone to inactivation by autolysis due to thermal and 

operational conditions [13]. Therefore, improvement of 

protease yielding strains and optimization of cultural 

parameters are necessary for the enhancement of 

protease production. Strain improvement by UV 

exposure is very useful for higher protease yield [14]. 

Moreover, UV irradiation as a means of random 

mutagenesis [15–17] and cultural optimization [18–20] 

for enhancement of protease activity are previously 

reported. Furthermore, optimization of cultural 

parameters (e.g., temperature, pH, incubation period, 

media supplements, etc.) is being used in the industrial 

process for making enzyme production higher, cost-

effective and economically viable [12]. Studies on 

alkaline protease production by Bacillus spp. [18, 21, 22] 

and Pseudomonas spp. [23–26] have been reported 

previously. However, reports on the enhancement of 

alkaline protease production by P. aeruginosa through 

UV irradiation and cultural optimization are very few.  

The current study was intended to evaluate P. 

aeruginosa for alkaline protease activity in vitro and 

generation of potential mutants with hyper-protease 

activity through UV-induced mutagenesis. In addition, 

cultural and nutritional optimization of the potential 

mutant for enhanced protease yield were also studied. 

 

MATERIALS AND METHODS  

Bacterial strains and culture conditions 

The wild-type P. aeruginosa MZ2F and P. aeruginosa 

MZ4A strains were obtained from our previous study 

[27] at the Laboratory of Microbiology, Department of 

Biotechnology and Genetic Engineering, Islamic 

University, Bangladesh, in which these bacteria were 

isolated and identified using the standard protocol. The 

bacteria were revived from glycerol stock (-80 ºC) by 

culturing on nutrient agar (NA) plates for 24 h at 37 ºC. 

The NA plates were maintained at 4 ºC for further 

investigations. 

 

In vitro determination of protease activity 

Qualitative protease activity was determined according 

to Latorre et al. (2016) with slight modifications [28]. 

Briefly, selected strains were grown in nutrient broth 

(NB) at 37 °C for 24 h. To estimate protease activity, 10 

μl of each bacterial suspension (0.5 McFarland, 1.5×108 

CFU/mL) were placed in the center of the skim milk 

(SM) agar plate (pH adjusted to 8.0) and incubated for 

24 h at 37°C. After incubation, the plates were evaluated 

by measuring the diameters of the clearance zone and 

bacterial colony. The relative proteolytic activity (RPA) 

was determined by using the formula: 
 

Relative proteolytic activity (RPA)

=  
Diameter of zone of clearance

Diameter of bacterial colony
 

 

Based on RPA value, parent strains were categorized 

into excellent (RPA > 5.0), good (2.0 ≤ RPA ≥ 5.0), or 

poor (RPA ≤ 2.0) protease producers. 

 

Quantitative assay of protease activity 

The protease activity was estimated by the method 

described by Beg et al. (2002) with minor modifications 

[29]. Briefly, following incubation, the bacterial broth 

was centrifuged at 7000 rpm for 15 min at 4ºC to obtain 

the cell-free supernatant (CFS). Then 0.5 mL of CFS 

was added to 1 mL of 1% (w/v) casein solution in the 

glycine-NaOH buffer of pH 10.0 and incubated for 15 

min at 37 ºC. The reaction was discontinued by adding 4 

mL of 5% (v/v) trichloroacetic acid (TCA) kept at 25 ºC 

for 30 minutes. The supernatant was examined by 

measuring optical density at 660 nm (OD660) using a 

spectrophotometer (UV mini-1240, Shimadzu, Japan).  

The liberated tyrosine content of the supernatant was 

compared with the standard curve of tyrosine. A single 

unit (U) of protease activity was calculated as the 

amount of enzyme that released 1 µg tyrosine per min at 

37 ºC under assay conditions. 

 

Mutagenesis and selection of potential mutants 

The mutagenesis greatly depends on the time and 

intensity of UV exposure as well as the physiology of 

bacterial cells [30]. Therefore, wild-type strains were 

exposed to UV irradiation for different length of period 

[17]. In brief, bacterial cells were grown in NB medium 

for 24 h at 37 ºC with shaking. The culture broth was 

centrifuged at 10,000 rpm for 10 min at 4ºC and 

precipitated pellets were suspended with 0.9% NaCl. 

Then, 2 ml of bacterial suspension was placed onto glass 

Petri dishes (15 cm diameter) and treated with UV 

radiation (30w, 2537 Å) illuminating at 45º angle at 

room temperature for different time interval. An 

untreated plate was considered as a control plate. A 

portion of treated bacterial strains (100 µL) was spread 

on SM agar plates and incubated at 37 ºC for 24 h. 

Colonies developed after incubation were counted and 

potential mutants were selected based on their protease 

activity in submerged culture. 
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Fermentation for protease production 

Submerged culture for protease production was 

performed as described by Singh and Bajaj (2015) [31]. 

Briefly, wild and mutant strains (0.5 McFarland, 1.5×108 

CFU/ml) were cultured in media containing (%, w/v) 1.0 

glucose, 0.5 peptone, 0.5 yeast extract, 0.4 K2HPO4, 0.1 

Na2HPO4, 0.01 MgCl2, and 0.6 Na2CO3 at pH 9.0. The 

fermentation was conducted at 37 ºC for 48 h. After 

incubation, the culture broth was withdrawn and 

centrifuged, and the supernatant (crude enzyme) was 

assayed for protease activity as described earlier. 

 

Optimization of physical parameters 

The influence of temperature, pH of the medium, and 

incubation period on alkaline protease production by the 

selected strain was investigated at varying temperature 

(viz., 30, 35, 40, 45, and 50 °C), initial pH (viz., 6, 7, 8, 9, 

10, and 11), incubation period (viz.,12, 24, 36, 48, 60, 

and 72 h) while keeping the other parameters constant. 

The bacterial inoculum (0.5 McFarland, 1.5×108 

CFU/ml) was added into the media containing 0.5% 

yeast extract and 1% glucose as nitrogen and carbon 

sources, respectively. Finally, the pH of the broth was 

fixed with 1N NaOH/HCl using a pH meter. 

 

Optimization of medium supplements 

Different types of carbon sources (1%, w/v) and 

nitrogen sources (0.5%, w/v) were added as media 

supplements to evaluate their effect on protease 

production. The carbon sources used were sucrose, 

glucose, lactose, and starch while peptone, beef extract, 

casein, and yeast extract were used as nitrogen sources. 

Medium supplemented with 1.5%, 2%, 2.5%, and 3% of 

NaCl (w/v) was used to evaluate the influence of salt 

concentration on alkaline protease production. Protease 

yield was carried out individually after incubation at 37 

ºC for 48 h. 

 

Statistical analyses 

All experiments were conducted in triplicate and data 

were presented as means ± standard deviations (mean ± 

SD). Standard deviations, one way ANOVA, and two-

tailed t-tests were calculated with Microsoft Excel 2013. 

Protease activity was considered significant when 

p≤0.05, p≤0.01, and p≤0.005. Graphical representations 

were prepared by Origin Pro v8.0 (Origin Lab 

Corporation, Massachusetts, USA). 

 

 

RESULTS 

Inherent protease activity of wild-type strains 

The RPA has been used to estimate the degree of 

protease activity. In this study, the P. aeruginosa strain 

MZ2F (PA-MZ2F) showed an RPA of 2.53±0.04 

(significant at P≤0.05) while P. aeruginosa strain MZ4A 

(PA-MZ4A) provided RPA of 2.12±0.12 (significant at 

P≤0.01). Despite the considerable differences in their 

RPA values, both strain PA-MZ2F and PA-MZ4A 

showed good RPA profiles in vitro as shown in Table 1. 
 

Table 1. Relative proteolytic activity (RPA) of the wild-

type bacterial strains. 
Bacterial strains Protease activitya RPAb profile 

P. aeruginosa MZ2F 2.53±0.04c Good  

P. aeruginosa MZ4A 2.12±0.12d Good 
aProtease activity by all bacterial strains was performed in triplicate 

and data expressed as mean±standard deviation; bRPA value was used 

to classify strains based on enzyme activity as excellent (RPA > 5.0), 

good (2.0 ≤ RPA ≥ 5.0), or poor (RPA ≤ 2.0); c,dProtease production 

was significant at p≤0.05 and p≤0.01 level, respectively. 

 

Selection of UV-induced hyper-proteolytic mutants 

UV exposure was applied to both wild-type strains and 

the survival data obtained after successful UV treatment 

are presented in Table 2. However, no viable bacterial 

cells were found after 35 min of UV irradiation. Table 3 

shows that most of the mutants from different periods of 

UV exposure showed no significant difference in 

protease production than that of the wild strains. 

Interestingly, UV exposure (2537 Å) for 25 min resulted 

in a strain mutated from wild strain P. aeruginosa MZ2F 

(designated as PA-M25) showed higher protease 

production. In submerged culture, the mutant strain PA-

M25 exhibited 612.84±2.50 U/ml of protease as 

compared to 349.26±2.57 U/ml of the parent strain 

(Table 3). Thus, mutant PA-M25 provided almost 2-fold 

more protease yield than the parent strain, hence, 

considered as the potential hyper-proteolytic mutant. 

 

Effect of physical parameters in protease production 

The production of microbial enzymes is known to be 

affected by the physical parameters which directly 

involved in microbial growth. Figure 1 shows how the 

temperature, incubation period, and pH influence the 

protease production by mutant PA-M25. In this study, 

for instance, mutant PA-M25 showed the highest 

protease activity at 35 °C which is 571.06±5.63 U/ml 

while the wild-type strain showed 397.89±5.16 U/ml. 

The incubation at temperatures other than 35 ºC was 

found to decrease the protease production (Figure 1a).  
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Table 2. Number of viable colonies after a different length of 

UV exposure. 

Irradiation 

period 

(min) 

PAa MZ4A PA MZ2F 

Colony 

count 

Survival 

rate 

(%)b 

Colony 

count 

Survival 

rate (%) 

0 3.36 x 103 100 4.26 x 103 100 

5 33 0.98 72 1.69 

10 28 0.83 66 1.54 

15 19 0.56 60 1.41 

20 12 0.35 41 0.96 

25 7 0.21 23 0.54 

30 2 0.06 9 0.21 

35 0 0 0 0 

45 0 0 0 0 
aPA stands for Pseudomonas aeruginosa; bSurvival rate (%) = 

(Number of colonies after UV exposure/Number of colonies 

germinated at normal condition) x 100. 

 

Table 3. UV-induced protease activity by mutant and parent 

strains of P. aeruginosa 

Irradiation 

period 

(min) 

Strains 

Protease activity (U/mL)a 

PAb MZ2F PAb MZ4A 

0 Wild 349.26±2.57 336.79±0.76 

5 M05 342.27±3.17 334.27±0.78c 

10 M10 351.26±1.45 338.75±0.65 

15 M15 343.26±0.62d 337.09±2.17 

20 M20 346.26±1.74 337.44±3.54 

25 M25 612.84±2.50e 339.13±1.16 

30 M30 134.26±6.97e 336.18±1.65 
aExperiments done in triplicate and data presented as mean±standard 

deviation; bPA stands for Pseudomonas aeruginosa; c,d,eProtease 

activity was considered significant at p≤0.05, p≤0.01, and p≤0.005 

level, respectively. 

 

In addition to temperature, the pH of the media was 

found to affect protease activity. The mutant PA-M25 

showed maximum protease yield of 605.12±1.98 U/ml 

at pH 9.0 while wild-type strain exhibited 342.97±0.19 

U/ml of protease with pH 10.0 (Figure 1b). We also 

observed stimulation of enzyme production at alkaline 

pH followed by a dramatic decrease after pH 9.0. The 

enzyme production also varies with incubation time [25]. 

We found an incubation period of 48 h to be the best for 

protease production for both wild-type strain 

(362.87±4.09 U/mL) and mutant strain (594.09±5.59 

U/ml). However, the production of protease was 

decreased after 48 h of incubation (Figure 1c).  

 

Figure 1. Effect of physical parameters on alkaline protease 

production by the wild and mutant strain of P. aeruginosa MZ2F: (a) 

incubation temperature, (b) pH of medium, and (c) incubation period. 

The number of asterisk sign indicates the level of significant protease 

activity as p≤0.05 (*), p≤0.01 (**), and p≤0.005 (***) while ‘ns’ 

denotes non-significant. 

 

Effect of media composition on protease production 

The effects of carbon source, nitrogen source and 

salinity of the media in protease activity are provided in 

Figure 2 The highest protease production by wild and 

mutant strain was achieved with medium containing 1% 

glucose and 1% lactose, respectively (Figure 2a). With 

the best carbon supplements, mutant strain PA-M25 

gave 615.56±2.79 U/ml of protease production while 

wild-type strain providing 405.02±1.85 U/ml. Therefore, 

mutant PA-M25, grown in 1% glucose, provided 1.5-

fold more protease production over the wild-type strain. 

On the other hand, mutant PA-M25 provided the highest 

protease yield (618.99±1.78 U/ml) with 0.5% casein 

supplement followed by yeast extract, beef extract, and 

peptone.  

In contrast, maximum protease activity (365.95±3.18 

U/ml) by wild-type strain was found with 0.5% yeast 

extract (Figure 2b). Therefore, casein was evident to be 

the best nitrogen source for PA-M25 which resulted in 

1.7 times more protease activity. Furthermore, 2% NaCl 

concentration was the best salt concentration for both 

wild and mutant strains providing 356.37±0.74 U/ml and 

573.16±2.83 U/ml of protease production, respectively 

(Figure 2c). Therefore, mutant PA-M25 showed more 

than 60% increased protease yield with 2% NaCl than 

the parent strain. 
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Figure 2. Effect of medium ingredients on alkaline protease 

production by the wild and mutant strain of P. aeruginosa MZ2F: (a) 

carbon sources, (b) nitrogen sources, and (c) salt concentration. The 

number of asterisk sign indicates the level of significant protease 

activity as p≤0.05 (*), p≤0.01 (**), and p≤0.005 (***) while ‘ns’ 

denotes non-significant.  

 

DISCUSSION 

Due to the rapid growth and cultivation with limited 

resources and ease of genetic manipulation, bacteria-

derived alkaline proteases are preferred in industrial 

applications [32]. In this study, P. aeruginosa strains 

which showed good RPA profiles were subjected to UV 

exposure. We found significantly increased protease 

activity (p≤0.005) in the medium exposed to UV 

radiation for 25 min by one of the strains. The potential 

mutant PA-M25 showed 75.47% (~1.75-fold) increased 

protease production. In a previous study, 10 min of UV 

radiation generated a mutant from Pseudomonas sp. 

RAJR 044 which gave 2.5 fold increased protease 

activity (99.78 U/mL) over the parent strain (40.01 

U/mL) when culturing at 35ºC for 48 h [33]. UV-

induced enhancement of protease production was also 

studied for other bacteria as well [17,34]. For instance, 

Sher et al. (2012) and Wang et al. (2016) found Bacillus 

subtilis mutants which exhibited 2- and 2.5-fold higher 

extracellular caseinolytic activity compared to the wild 

strains, respectively. It is suggested that the degree of 

enzyme production might increase due to the 

mutation/damage in the genes reside in bacterial 

plasmids that might influence the chromosomal genes 

for alkaline protease production [35]. 

Bacterial metabolism is affected by the physical 

parameters of the culture environment. For example, the 

temperature can influence the secretion of the 

extracellular enzyme by changing the physical 

properties of the cell membrane [36]. Therefore, 

protease production by our mutant PA-M25 is well 

comparable with several other studies where the bacteria 

like P. aeruginosa [25,26,37], P. fluorescens [24], B. 

subtilis [21], Vibrio alginolyticus [38] preferred 35-37 

ºC for the highest level of proteolytic activity. In one 

study, however, B. subtilis showed a high level of 

protease activity at 45 ºC after 36 h of fermentation with 

continuous agitation [18]. The pH of the media also 

known to affect the enzymatic processes and nutrient 

transportation across the cell membrane [39]. In 

concurrence to our result, Pseudomonas spp. exhibited 

the highest protease production at pH 9.0 in earlier 

studies [24,40]. Similarly, Ash and Ramteke (2018) 

observed the highest productivity at pH 9.0 using 

medium supplemented with 1% glucose, 1% yeast 

extract when cultivated for 36 h at 37 °C. However, pH 

requirements may vary with bacterial species. For 

example, maximum protease activity is also found at pH 

10.0 by B. subtilis [18]. The hyper-protease activity at 

alkaline medium provided cue about the alkali nature of 

the protease. In our study, both mutant PA-M25 and 

respective parent strain preferred an incubation period of 

48 h for maximum yields (P≤0.05). The obtained results 

coincide with other studies in which protease activity 

was found maximum after 48 h for P. aeruginosa 

[25,41]. In another study, P. aeruginosa showed 

maximum protease activity at pH 9.5, temperature 37 ºC 

and 48 h of incubation time [42]. Similarly, B. subtilis 

showed maximum protease yield for an incubation 

period of 48 h using beef extract [42, 43]. However, 

protease production from Pseudomonas spp. was found 

to be maximum at 24 h and decreased afterward unlike 

the present finding [24,33]. 

The second most significant parameter regarding 

protease production is media composition. The mutant 

PA-M25 provided 1.5 fold more protease production 

(P≤0.005) over the wild strain with 1% glucose as the 

carbon source. A similar result was also observed in 

another study [26]. Additionally, 1% glucose was also 

suggested as an optimal carbon source for P. aeruginosa 

in an RSM-based analysis [43]. However, a study 

demonstrated that both growth and protease production 

were suppressed when glucose present in the medium 

[44]. Moreover, increased yields of alkaline proteases 

were also reported by several studies with other sugar 

materials including maltose, sucrose, and fructose 

[25,43,45]. For nitrogen sources, our finding agrees with 

the findings of other workers as well [46,47]. However, 

nitrogen sources other than casein have also been 

reported to give maximum protease yield [24,25,44]. For 

instance, Patil and Chaudhari (2011) observed higher 

protease activity (>300.0 U/ml) by P. aeruginosa with 

beef extract/peptone/yeast extract than with casein 
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(269.3 U/ml) as nitrogen sources when fermentation 

carried out for 48 h at 40 ºC and pH 9.0 [44]. The 

osmotic shock (dehydration and/or rehydration) due to 

NaCl might lead to modifications of the phospholipid 

structure of the cell membrane that can cause cell death 

[48]. In our study, 2% of NaCl provided 60% more 

protease yield than that of wild strain (P≤0.01) which is 

in line with the findings of other studies [2,38]. 

Therefore, mutant PA-M25 can be used in industrial 

applications dealing with high salinity or osmotic 

pressures. However, we observed a significant reduction 

(P≤0.05) in protease activity beyond this concentration. 

This could be due to cell membrane disruption caused 

by increased salt concentration [2]. 

 

CONCLUSIONS 

A high protease yielding mutant PA-M25 was generated 

from wild-type strain P. aeruginosa MZ2F using UV 

mutagenesis. The mutant PA-M25 exhibited a significant 

75.47% (~1.75 fold) more protease yield compared to 

the parent strain. In addition, no significant damages 

occurred due to UV irradiation since the morphological 

features were consistent in both wild and mutant strains. 

Protease production by PA-M25 reached the maximum 

level when cultured for 48 h at 35 ºC with medium 

supplemented with 1% glucose, 0.5% casein and 2% 

NaCl. Therefore, the mutant PA-M25 is halotolerant and 

alkaliphilic in nature. These results of the present study 

demonstrate that strains with higher enzyme activity 

could be produced with UV mutagenesis. However, 

further research is needed to characterize the PA-M25 

derived alkaline protease and its scale-up fitness before 

using the mutant in practical applications on a large-

scale production. 
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