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 Proteases are one of the most important industrial enzymes. Alkaline proteases are used 

in detergent industry, leathery industry, food industry and for recovery of silver from 

photograph films. Actinomycetes are filamentous gram positive and chemoheterotrophic 
bacteria that produce different materials such as antibiotics, pigments and enzymes. The 

aims of this study were isolation and identification of alkaline protease-producing 
Actinomycete spp. and determination of their enzyme activity. The soil samples were 

collected from Isfahan province, Iran. The samples were cultured on Yeast Extract 

Soluble Starch medium. The screening of alkaline protease-producing Actinomycete 
spp. was carried out using alkaline milk agar medium. For alkaline protease assay the 

lawry method was used. In this study 10 species of alkaline protease-producing 

Actinomycetes were isolated. The most alkaline protease activity, 180 (u/ml), after 72 
hours incubation at 30°C was measured by Streptomyces psuodogriseolus. This strain 

could be applied for production of alkaline protease from agricultural and 

biotechnological cheep culture media. 
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INTRODUCTION 

 

Actinomycetes are filamentous Gram-positive bacteria and because of their morphological similarity to the 

defected fungi have been categorized as fungi in the past. They basically live in the water and soil and are 

popular microorganisms for production of second metabolites such as antibiotics, pigments and enzymes. 

Among Actinomycetes the Streptomycetes have been focused for releasing the proteases [1-3]. The optimum pH 

of their growth is 6.5-8 but they often live in alkaline soils [4]. The microbial enzymes have several applications 

in different industries. Proteases are hydrolytic enzymes that are found in many microorganism, plants and 

animals. They are responsible for important physiological activities like cell division, regulation of protein 

actions, coagulation processing, conducting of protein release through cytoplasmic membrane and nutrition [5]. 

They are one of the most important enzymes that comprise the 60% of total sale of enzymes in the world. The 

maximum activity of alkaline proteases is occurred in pH 8-13 [5-7]. The most important bacteria that produce 

alkaline protease are Streptomyces albidoflavus [8], Cellulosimicrobium cellulans [9], Bacillus licheniformis 

[10] and Bacillus cereus [11]. The most important fungi that produce alkaline protease are Aspergillus niger 

[12], Aspergillus flavus [13] and Aspergillus nidulans [14]. The most important yeasts that produce alkaline 

protease are Candida olea [15], Yarrowia lipolytica [16] and Aureobasdium pullulans [17]. Alkaline proteases 

have several application in detergent and tannery industry, silver recovery from photography film, alcohol 

industry, oil and juice processing and biotransformation [18, 19]. The aims of this research were isolation and 

identification of Actinomycetes spp. that had higher potential for alkaline protease production and the evaluation 

of their enzyme activity. 

 

MATERIALS AND METHODS 
 

Chemicals and culture media: 

The chemical we used in this research were Casein, Tri-chloro acetic acid (TCA), Na2CO3 all from Merck, 

Germany) and DNA extraction kit [lyses solution, sediment solution, solvent buffer, washing, protease buffer] 
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(Taligene Pars, Iran). The main culture media were YS medium, peptone agar, milk agar medium [YS powder 

2.7 g/l; distilled water 50 ml; milk broth medium 50 ml), glucose broth medium [glucose 10 g/l; peptone 5g/l; 

yeast extract 5 g/l; KH2PO4 2 g/l; K2HPO4 1 g/l; starch 10 g/l; distilled water 1000 ml], YS broth medium 

[starch 10 g/l; yeast extract 2 g/l; distilled water 1000 ml], TSB, YS soluble medium [yeast extract 10 g/l; 

distilled water 1000 ml], Peptone soluble medium [peptone 20 g/l; distilled water 1000 ml] that were all from 

Himedia, India. 

 

Screening and purification of Actinomycetes from soil: 

The soil samples were gathered from different locations in Isfahan, Falavarjan and Bagh Bahadoran 

gardens, Isfahan, Iran using clean sterile containers. The soil samples then dried in Petri dishes. Then were 

rubbed and smoothed and passed through a clean paper. After Preparation of serial dilution, each sample was 

cultured on YS agar using spread plate method. The plates were incubated for 72-120 hours at 30°C. The several 

individual colonies were purified in YS agar using streak plate method. The macroscopic characterization of 

purified colonies such as size, morphology and color were examined by stereo microscope. The microscopic 

traits of colonies were examined after Gram differential staining using Gram staining kit (Taligene Pars, Iran) 

[20].  

 

Screening the isolates with capability of alkaline protease production: 

For evaluating the alkaline protease production by isolated Actinomycetes, alkaline peptone agar was used. 

The 10 isolates that had higher growth in alkaline peptone agar cultured on alkaline YS milk agar using streak 

plate method and incubated for 72 hours at 30°C. The color of alkaline YS milk agar due to the presence of milk 

was turbid so if the microorganisms could produce alkaline protease they consumed the lactalbumin. This 

resulted in the transparency of culture medium around the colonies. The individual colonies with surrounding 

transparent zone were selected for further processing.  

 

Alkaline protease assay: 

The activity of alkaline protease was measured using Lowry method. Five milliliters of microbial broth 

medium centrifuged at 2500g for 20 minutes and 1ml of supernatant was added to a sterile tube then 1ml of 

substrate, casein 2% solution with pH=11, was added to microbial broth that could be contain of enzyme and 

incubated for 10 minutes in water bath at 40°C. For ceasing the enzymatic reaction and precipitating the 

proteins, 2 ml of 0.4 M trichloro acetic acid were added to mixture of enzyme and substrate. The contents of the 

tube transferred to another sterile clean tube and centrifuged at 12000g and 4°C for 10 minutes. Then 1 ml of 

supernatant containing the enzyme product, amino acid L-tyrosin, was transferred to another test tube. Five 

milliliters of 0.4 M sodium carbonate solution and 1 ml of folin ciocalteus phenol reagent 10% were added to 

tube. The tube was incubated in bath water at 40°C and dark condition for 20 minutes. If the L-tyrosine was 

present in the solution, its color should be converted from yellow to blue. The optical density of solution was 

measured by spectrophotometer at 660 nm. The amount of released L-tyrosine was measured using standard 

curve and the enzyme activity was evaluated. One unit of alkaline protease activity was defined as the amount of 

enzyme that could release 1 μg L-tyrosine from alkaline casein substrate during the reaction time, 10 minutes, 

and under the experiment conditions, 40°C and dark [21].  

 

Preparation of L-tyrosine standard curve: 

Different amounts of L-tyrosine were added to distilled water for preparation of L-tyrosine standard 

solutions. The solutions had concentrations of 10, 20, 30, 40, 50, 100, 200 and 300 μg/ml of L- tyrosine 

respectively. The OD of each concentration was measured using Lawry method as described above. Then the 

ODs obtained from different concentrations of L-tyrasine were used to draw the standard curve of OD-L-

tyrosine (μg/ml) using SPSS software and its correlation equation was provided.  

  

Identification of isolated Actinamycetes with high alkaline protease activity: 

The alkaline protease activity was measured by Lawry method in 7 isolates of Actionmycetes which had the 

maximum rate of growth in alkaline peptone agar and the big transparent zone around their colonies in alkaline 

milk agar. The purified bacteria were culture in glucose broth media and incubated at 30°C with aeration speed 

of 100 rpm for 72 hours. For identification of best enzyme-producing bacteria, the biochemical tests such as 

lecithinase, nitrate reduction, H2S production, Starch hydrolysis, growth at 45°C and Sucrose, manitol and 

inositol fermentation were performed.   

 

Results: 

In screening stage, the peptone agar media with pH 9, 10 and 11 were used. Because the only carbon and 

energy source of medium was peptone, only the microorganisms that were capable of releasing out alkaline 

protease could grow on this medium. After 72 hours incubation at 30°C, 7 isolates of Actinomycetes with high 
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growth on alkaline peptone agar were selected and cultivated on alkaline YS milk agar. The results showed that 

these isolates could make transparent zones around their individual colonies. Among 7 isolates of 

Actinomycetes, the isolate No. 15 showed the best growth in alkaline peptone agar and made the biggest 

transparent zone around its individual colonies in alkaline milk agar. The macroscopic and microscopic 

characteristics of this isolate of Actinomycete that showed high alkaline protease activity were shown in table 1.  

The alkaline protease activity in all experiments were measured using Lawry method and the observed OD 

in those examinations were converted to concentration of L-Tyrosine using standard curve of OD-L-Tyrosine 

and through its related correlation equation (Figure 1). 

 
Table 1: Macroscopic and microscopic characteristics of Actinomycete with high productivity of alkaline protease 

 

Isolate 

Characteristics 

Macroscopic Microscopic 

15 large colonies, shrunk, concave in center, creamy color, 
sticking on surface of the agar witch soil like smell 

  Thin and tall mycelium, string like 

 

 
Fig. 1: The standard curve of OD-L-tyrosine and its liner correlation equation 

 
Fig. 2: The comparison of alkaline protease activity in different Actinomycete isolates in glucose broth media 

after 72 hours incubation at 30°C and aeration speed of 100 rpm.  

 

The alkaline protease activity in 7 isolates of Actinomycetes include isolates No. 2, 4, 8, 10, 15, 17 and 19 in 

glucose broth media after 72 hours incubation at 30°C was measured of 60 (u/ml), 20 (u/ml), 51 (u/ml), 150 

(u/ml), 180 (u/ml), 44 (u/ml) and 35 (u/ml) respectively. The maximum enzyme activity was measured in the 

isolate No. 7 with 180 (u/ml) as was shown in figure 2. The results of biochemical examinations for isolate No. 
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15 as the best alkaline protease producer showed that this Actinomycete was Streptomyces psuodogriseolus. The 

results of biochemical tests were shown in table 2. 

 
Table 2: Biochemical examinations for identification of the best alkaline protease-producing Actinomycete 

Biochemical Test Results 

Lecithinase  Negative 

Nitrate reduction Positive 
H2S production Negative 

Starch hydrolysis Positive 

Growth at 45°C Negative 
Acid Production From:  

Sucrose Positive 

Manitol Positive 
Inositol Positive 

 

The measuring of alkaline protease activity of Streptomyces psuodogriseolus using glucose broth medium 

during 168 hours incubation at 30°C and 100 rpm of aeration speed confirmed that the maximum production of 

alkaline protease was occurred after 72 hours of incubation. The alkaline protease activity of Streptomyces 

psuodogriseolus after 24, 48, 72, 96, 120, 144 and 168 hours of incubation were 25 (u/ml), 87 (u/ml), 180 

(u/ml), 120 (u/ml), 75 (u/ml), 52 (u/ml) and 10 (u/ml) respectively. The enzyme activity of Streptomyces 

psuodogriseolus  during 7 days incubation was shown in figure 3.  

 

 
Fig. 3: Production of alkaline protease by Streptomyces psuodogriseolus in glucose broth culture during 7 days 

incubation at 30°C and 100 rpm.  

 

Discussion: 

In several researches that have been performed for producing alkaline protease from Actinomycetes, various 

spp. isolated from soil samples [22, 23] and in this study we also used soil samples of different areas in Isfahan, 

Iran. Ara et al. (2010) have used YS agar culture medium for isolation of alkaline protease producing 

Actinomycetes [24]. In the present study we used alkaline peptone agar and alkaline milk agar for evaluating the 

Actinomycetes spp capable of alkaline protease production. Tumar and Singh (2007) introduced the mixture of 

peptone and gelatin and then yeast extract and casein as the best source of nitrogen for inducing the alkaline 

protease production [25]. Ningthoujam et al. (2009) suggested the yeast extract peptone sucrose medium as the 

best medium for producing the alkaline protease by Atinomycete spp. [22]. We isolated the Streptomyces 

psuodogriseolus with remarkable production of alkaline protease, 180 u/ml, in glucose broth medium that is 

extremely higher than previous reports. Tumar and Singh reported that the alkaline protease activity from 

Streptomyces clavuligerus was about 13 u/ml [25]. Vishalakshi et al. (2009) studied the alkaline protease 

production in Streptomyces gulbargensis  and found that the enzyme was active at 45°C and pH=9 in the 

presence of casein as substrate [26]. Esin Hame et al. studied the production of alkaline protease by 

Actinomycetes isolated from marine sediments. They reported that the best pH for enzyme production was 9 and 

the best temperature was 50°C [27]. Verma et al. (2011) studied the potential application of alkaline protease 

isolated from Thermoactinomyces Rm4 in the process of hair elimination in leathering industry [28]. While 

there are several reports indicating the production of alkaline proteases from Bacillus spp. but the potentials for 

industrial applications and enzyme activity is challenging [11, 29, 30]. In the present study we screened 7 

Actinimycetes spp. from the soil of Isfahan, Iran due to their potential for alkaline protease production. Among 

these isolates, Streptomyces psuodogriseolus was selected and identified for the maximum production of 

enzyme, 180 u/ml, after 72 hours incubation at 30°C. In conclusion this is the first report of alkaline protease 

production by Streptomyces psuodogriseolus that as a native strain was isolated from Isfahan soil, Iran. Alkaline 
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proteases are industrially important and valuable enzymes that have various applications worldwide so using 

native microbial strains with high potentials in enzyme production could be useful in the areas of industrial 

microbiology as well as environmental biotechnology. 
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