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Fifteen bacterium strains were isolated from soil samples and the one that had the highest proteolytic 
activity, from Susanoğlu village at Silifke-Mersin, was selected. The strain was identified and 
determined as Bacillus cereus. The bacterium, that had R type colony morphology, subterminal spores, 
motile and facultative anaerobe microorganism, was a gram positive with 10 µµµµ length and 1 µµµµ width. It 
could ferment glucose, fructose and maltose which formed acid but not gas. Catalase and urease were 
positive. The bacterium could grow on common medium easily and form ββββ-haemolyze on blood agar. It 
was determined that the microorganism’s growth continued up to the 12th hour and when it gets to the 
18th hour, it was in a stationary phase. As a result, after the 18th hour, it was in a lytic phase. The 
optimum growth temperature range was 20 - 40°C and the optimum pH range was 6.0 – 10.0, 
respectively. Maximum growth was obtained at 30°C and at pH 7.0. The highest protease activity was 
determined at 30°C temperature and 6.4 pH conditions and after the 18th hour, it decreased evidently.  
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INTRODUCTION 
 
Enzymes have been produced in large industrial scale for 
several decades (Falch, 1991). Microbial enzyme produc-
tion on an industrial scale was initiated by Takamine who, 
in 1890, settled in the U.S.A and started the production of 
Takadiastase enzyme preparation which was mainly an 
α-amylase preparation, but it contained a substantial 
amount of protease (Aunstrup, 1980). Since the initiation 
of microbial enzyme production, many protease prepa-
rations took part in the market. Although, variant 
microorganisms were used to produce protease, the 
genus Bacillus have being so far the most important gro-
up of enzymes produced commercially (Ferrero et al., 
1996).  

Today, proteases account for approximately 40% of the 
total enzyme sales in various industrial market sectors 
(Gupta et al., 2002). The most important applications of 
protease are used in laundry detergents. However, pro-
teases are also use in  leather  processing, brewing, food 
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and pharmaceutical industries (Abdel-Naby et al., 1997). 
This work was undertaken to obtain a new obligate 

microorganism which had a well known protease produc-
tion. Fifteen bacterium strains were isolated from soil 
samples that were collected at different regions of 
Turkey. One, of which had the highest proteolytic activity, 
was selected and the identification of the new obligate 
bacterium was investigated. Temperature and pH condi-
tions were studied to optimize protease production. The 
results were compared with other researches. 
 
 
MATERIALS AND METHODS 
 
Isolation and identification 
 
Soil samples were collected from different regions of Turkey and 15 
bacterium strains were isolated. Strains were assayed for proteo-
lytic activity and a bacterium strain which had the most proteolytic 
activity was selected. 

The selected strain was identified using biochemical and mor-
phological tests. Bergey’s manual of systematic bacteriology was 
used as reference (Sneath et al., 1986). Gram strain, endospore 
forming, motility test, catalase test, glucose fermentation and nitrat 
reduction characteristics  were  detected. The  results  showed  that  
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a)                                                                                          b)   
 
Figure 1. Photographs showing typical cell morphologies of new Bacillus sp. isolate. a: After the 24th hour and b: 
12th hour of incubation. 

 
 
 
the bacterium was a Bacillus strain. The novel Bacillus strain was 
then identified as Bacillus cereus by 16S rDNA phylogenetic analysis.   
 
 
Optimization  
 
Nutrient broth (5 g peptone and 3 g meat extract, pH 7.0, Merck) 
was used as the common growth and stock media. Growth media 
was prepared at 250 ml erlenmeyer flasks containing 100 ml 
nutrient broth and stock media at 50 ml erlenmeyer flasks 
containing 25 ml nutrient broth. They were sterilized at 121°C for 15 
minutes. 1 ml of stock medium was inoculated at the growth medium 
and incubated at 30°C with 150 rpm. Growth and proteolytic activity 
was measured at an interval of 2 h from the initiation of incubation. 
The growth and proteolytic activity curves were obtained. 
 
 
Temperature and pH 
 
Temperature and pH characteristics were determined respectively, 
while 10 to 50°C of incubation temperature and 3.0 to 11.0 pH 
ranges of culture media were measured. The maximum and opti-
mum values were determined. 
 
 
Protease assay 
 
Proteolytic activity was carried out according to Casein-Pholine 
method (Boethling, 1975). Culture media was santrifugated at 7200 
rpm for 10 min and supernatant was used as enzyme source. 
However, 1% casein (in 0.1 M phosphate buffer and pH 7.0) was 
used as substrate. 1 ml each of enzyme and substrate was incu-
bated at 50°C for 60 min. The reaction was terminated by adding 3 
ml of trichloroacetic acid (TCA). One unit of protease activity was 
defined as the increase of 0.1 unit optic density at 1 h incubation 
period. Total protein amount of supernatant was measured by 
Lowry et al. (1951) method.    

Optimization of protease production 
 
Enzyme localization was determined by sonication at 90 kc for 20 
min. Temperature and pH effect of the culture medium on production of 
protease was detected. Optimum enzyme period, pH and temperature 
range was determined.  
 
 
RESULTS AND DISCUSSION 
 
Fifteen bacterium strains were isolated from collected soil 
samples. Their protease activity was assayed and one, of 
which had the most proteolytic activity, was selected. The 
isolate was motile, facultative anaerobic, subterminal 
sporulating, short chains forming, gram-positive and rod-
shaped bacteria. The cells of isolates were 10 µ in length 
and 1 µ in width. It was determined as Bacillus sp. Accor-
ding to the biochemical and morphological analysis 
(Figure 1). 16S rDNA phylogenetic assay was performed 
to determine the species of the novel isolate and 
according to the assay result, it was determined as B. 
cereus. Fermentation tests with different carbon sources 
showed that the isolate could ferment glucose, fructose 
and maltose forming acid but not gas. The bacterium also 
had catalase and α-amilase activities, which could reduce 
nitrate through nitrite. 

It was determined that the microorganism’s growth 
continued up to the 12th hour and when it got to the 18th 
hour, it was in a stationary phase. Subsequently, after the 
18th hour, the lytic phase begun (Figure 2). Also, 
subterminal endospore forming begun at the 12th hour 
and most  of  the  bacteria  were  sporulated  at  the  24th 
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Figure 2. Growth curve of Bacillus sp. 
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Figure 3. Protease activity of Bacillus sp. at 2 h intervals. 

 
 
 
hour. During the 24th hour growth, production of protease 
was assayed at 2 h intervals. Maximum growth was 
determined at stationary phase and at the 18th hour 
(Figure 3). The growth and protease rates of the isolate 
were determined within the temperature and pH range of 
20- 50°C and 3.0 - 11.0, respectively. The highest growth 
and protease rate was detected at 30°C and pH 7.0 and 
of growth medium, respectively (Figures 4, 5 and 6). 
Enzyme localization was detected as extracellular. Before 

optimization, the new obligate Bacillus sp. isolate could 
produce 5.5 U/ml protease at 30°C and 7.0 pH, after it 
had produce 9.56 U/ml protease at 30°C and pH 6.4. The 
results showed that optimization was succesful at  about 
173.8%. 

Bacillus sp. is a spore forming bacterium, thus during 
sporulation and also germination, it increases protease 
activity (Cihangir and Aksöz, 1988). Scientists acclaimed 
that   during   sporulation   and    germination,   hydrolized  
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Figure 4. Effect of temperature on growth and protease production. 
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Figure 5. Effect of pH (3.0 - 11.0) on growth and protease production. 
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Figure 6. Effect of pH (6.0 - 7.0) on growth and protease production. 

 
 
 
proteins were used to compose proteins for endospores 
or vegetative cells (Prestidge et al., 1971; James and 
Mandelstam, 1985). This process requires an increase of 
protease production. In this study, maximum protease 
activity was determined at the 18th hour, which occured 
in the late stationary phase, when most of the bacteria 
sporulated. Scientists prefered studying new isolates 
because they could be alternative for commercial use 
(Mehrotra et al., 1999; Dube et al., 2001; Hawumba et al., 
2002). Particularly, thermostable alkaline proteases were 
used in laundry detergents and from a new obligate str-
ain, they should be used commercially at detergents 
(Ferrero et al., 1996). Consequently, this study showed 
that Bacillus sp. protease could be used commercially 
because growth conditions are simple. As a result, it could 
protect its significance up to 60°C and have a well known 
activity at neutral and alkaline pH.  
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