
Introduction
Proteases represent a significant class of industrial enzymes, 
comprising a substantial portion of the global enzyme 
market. These hydrolytic enzymes play an integral role in 
the global enzyme market, contributing significantly to 
overall enzyme production and sales (1,2). The commercial 
value of these enzymes is underscored by their diverse 
sources, including bacteria, fungi, plants, and animals 
(3). Among these, microbial proteases are particularly 
noteworthy due to their extracellular secretion, facilitating 
easier downstream processing than their plant and animal 
counterparts (4). This quality renders microbial proteases 
highly advantageous for industrial applications, facilitating 
the production process and enhancing efficiency.

Alkaline proteases demonstrate a fascinating class of 
enzymes with significant biotechnological importance. 

These enzymes are classified as proteases and catalyze 
the hydrolysis of proteins into smaller peptide fragments. 
The defining characteristic of alkaline proteases is their 
ability to function optimally at alkaline pH levels, typically 
ranging from 7.5 to 12. This distinguishes them from other 
proteases, which are most effective at neutral or acidic 
pH ranges (4).

The production of alkaline proteases is primarily 
attributed to various microorganisms, with bacteria 
representing a particularly significant source (5). These 
bacteria have evolved to flourish in alkaline environments, 
including alkaline-rich water bodies, industrial waste sites, 
and alkaline soils. Bacteria are vital sources of enzymes 
due to their rapid growth, minimal space requirements 
for cultivation, and the ability to be genetically modified 
to produce new enzymes with modified properties (6,7). 
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Abstract
Background: Alkaline proteases are of significant utility in the field of biotechnology, with 
extensive applications in spanning numerous sectors, including those in the medical and health, 
pharmaceuticals, food, detergents, and leather industries.
Methods: The bacterial strain G2, isolated from petroleum sludge at the Homs Refinery in Syria, 
was evaluated for its ability to produce alkaline protease using a skim milk agar medium. Protease 
production was confirmed through a protease assay. The molecular identification of the selected 
isolate was conducted through sequencing of the 16S ribosomal deoxyribonucleic acid (rDNA). 
Culture conditions, including variables such as inoculum size, incubation duration, temperature, 
pH, and various carbon and nitrogen sources, were optimized to achieve protease production.
Results: Strain G2 exhibited alkaline proteolytic activity, thereby establishing its status as an 
effective protease producer. A 16S rDNA analysis of the intended strain revealed that the organism 
was identified as Bacillus cereus. The highest level of enzyme production was observed when 
the isolate, at an inoculum size of 3%, was cultured in the production medium for 48 hours at a 
pH rate of 10 and 45°C, using 1% glucose and 1% yeast extract as carbon and nitrogen sources, 
respectively. The alkaline protease activity was ultimately found to be 4.44-fold higher (533.3 U/
mL) compared to the initial optimization of enzyme production (120 U/mL).
Conclusion: This constitutes the inaugural account of the alkaliphilic B. cereus G2 strain, which 
was isolated from sludge petroleum and is capable of secreting alkaline protease. The findings 
regarding the optimal cultural conditions for the production of thermophilic alkaline protease 
provide a crucial foundation for future research into the potential biotechnological applications 
of this strain in alkaline protease production.
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It has been reported that approximately 35% of the 
microbial enzymes utilized in the detergent industry are 
bacterial proteases (8). These alkaliphilic bacteria have 
evolved sophisticated cellular mechanisms that enable 
their survival in extreme alkaline conditions, including 
the secretion of alkaline proteases. A number of studies 
have identified alkaline protease-producing bacteria from 
a variety of sources, thereby underscoring the diversity of 
their enzymatic capabilities and the potential for their use 
in industrial applications (9-11).

The selection of an appropriate organism is of paramount 
importance for the achievement of high yields of the desired 
enzymes. The continued isolation and characterization of 
novel, promising strains utilizing cost-effective carbon 
and nitrogen sources are essential for advancements 
in industrial enzyme production (12). Notable among 
bacterial species are those of the genus Bacillus, which 
are known for their production of extracellular proteases. 
These bacteria are commonly found in soil and water, 
with certain strains demonstrating the capacity to 
withstand extreme environmental conditions, including 
high alkalinity (13). Consequently, they can be cultivated 
under extreme pH and temperature conditions, resulting 
in the production of enzymes that remain stable in a 
variety of harsh environments (14). These proteases are 
employed in a multitude of industrial sectors, including 
pharmaceuticals, food production, laundry, leather 
manufacturing, and waste management (15).

The components of the medium, including carbon 
and nitrogen sources, exert a profound influence on the 
organism’s growth and enzyme production. In addition 
to nutritional factors, cultural parameters, including 
pH, temperature, and incubation time, have been 
demonstrated to significantly affect enzyme production 
(16). It is, therefore, imperative to optimize both the 
components of the medium and the cultural parameters 
in any biological process.

The applications of alkaline proteases are numerous 
and diverse, encompassing a multitude of industries, 
including the medical and health sector, pharmaceuticals, 
detergent manufacturing, food processing, the leather 
industry, and waste treatment. Their capacity to perform 
effectively under harsh alkaline conditions renders them 
indispensable in these industrial processes. For example, 
alkaline proteases are extensively employed in the 
detergent industry to enhance the efficacy of stain removal, 
particularly for protein-based stains (17). In the leather 
industry, alkaline proteases facilitate dehairing processes, 
offering an environmentally preferable alternative to 
traditional chemical methods (18). Alkaline proteases 
have been the subject of investigation as a potential 
avenue for pharmaceutical therapeutics due to their 
proteolytic activity and compatibility with physiological 
conditions (19). They have a variety of applications in the 
medical field, including the development of medicines, 
drugs, and vaccines to combat a range of diseases, such as 
genetic disorders. Alkaline-fibrinolysis protease has been 

identified as a promising agent for selectively breaking 
down fibrin, suggesting its potential utility in thrombolytic 
therapy and anticancer treatments. Alkaline proteases are 
extensively utilized in medical applications, particularly 
in the form of collagenases. Furthermore, Bacillus species, 
which are renowned for their protease production abilities, 
are regarded as safe for human consumption.

In light of the aforementioned factors, the present 
investigation has been undertaken to identify an alkaliphilic 
bacterial strain capable of producing alkaline proteases 
and being isolated from petroleum sludge. Subsequently, 
the optimal conditions for alkaline protease production 
by this alkaliphilic strain are evaluated qualitatively under 
various chemical and physical conditions.

Materials and Methods
Bacterial Strain
This research focused on the bacterial strain G2, 
recognized for its protease production. This strain was 
isolated and purified in our laboratory from petroleum 
sludge at Homs Refinery in Syria.

Protease Production Determination
The ability of the bacterium to break down protein was 
tested by inoculating a bacterial culture on nutrient 
agar plates enriched with 1% skim milk. The plates were 
incubated at 37°C for 48 hours. Protease activity was 
confirmed by the formation of a clearance zone around 
colonies. Additionally, protease activity was quantified 
using a protease assay with casein as the substrate.

Molecular Identification of Selected Isolate
The molecular method was employed to identify the 
isolate. This isolate was confirmed through 16S ribosomal 
deoxyribonucleic acid (rDNA) sequencing and the Basic 
Local Alignment Search Tool (BLAST) analysis. The 
bacterial isolate was cultured overnight in nutrient broth, 
and then the genomic DNA was extracted from the bacterial 
cells. The amplification of 16S rDNA was performed using 
universal primers fD1 (5′-CCGAATTCGTCGACAACA 
GAGTTTGATCCTGGCTCAG-3′) and rP1 (5′-CCCGG 
GATCCAAGCTTACGGTTACCTTGTTACGACTT-3′) 
(20). Polymerase chain reaction (PCR)-amplified product 
was analyzed using agarose gel electrophoresis, and 
the molecular size of the fragment was estimated by 
referencing the DNA ladder (GeneRuler DNA Ladder 
Mix, Thermo Scientific). A sequence similarity search 
was performed using BLAST to identify the most closely 
related sequences in GenBank. The resulting sequences 
were aligned and analyzed to determine the closest 
microbial homologies.

Inoculum Preparation
A loopful of the culture was transferred into 10 mL 
of nutrient broth and incubated at 37 °C for 24 hours. 
Next, an inoculum size of 107 CFU from the bacterial 
culture was added to 50 mL of the production medium 
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(Horikoshi I, pH: 9) containing 1% glucose, 0.5% peptone, 
0.5% yeast extract, 1% Na2CO3, 0.1% K2HPO4, and 0.02% 
MgSO4.7H2O. The medium was then incubated at 160 
rpm for 48 hours at 37 °C. After fermentation, the broth 
was centrifuged at 6000 rpm for 20 minutes at 4 °C, and 
the protease activity in the supernatant was assessed 
through a protease assay.

Proteolytic Activity Assay
To evaluate proteolytic activity, 0.1 mL of the supernatant 
was mixed with 1.1 mL of a reaction mixture containing 
1% casein in 100 mM Tris-HCl buffer at a pH rate of 8. 
This mixture was incubated at 37 °C for 15 minutes. 
The reaction was halted by adding 1.8 mL of 5% (w/v) 
trichloroacetic acid, followed by centrifugation at 10 000 
rpm for 15 minutes. One unit of enzyme activity was 
defined as a change in absorbance at 280 nm by 0.001 
per minute under the specified conditions (21). All 
measurements were conducted in triplicate.

Effects of Culture Conditions on Protease Production of 
the Bacillus cereus G2 Strain
The influence of various culture conditions on the 
production of protease by B. cereus G2 underwent 
investigation. The physical and chemical parameters, 
including inoculum size, incubation time, temperature, 
initial pH, and sources of carbon and nitrogen, were 
evaluated as well. After centrifugation at 6000 rpm for 
20 minutes at 4 °C, the protease production assay was 
performed as described in the previous paragraph. 
All experiments were conducted in triplicate, and 
this methodology was consistently applied across all 
parameters.

Inoculum Size
To investigate the impact of inoculum size on protease 
production, the production medium was inoculated with 
varying inoculum percentages of 0.5%, 1%, 2%, 3%, 4%, 
5%, and 6% (v/v). The medium was then incubated at 37 
°C for 48 hours.

Incubation Time
The incubation period was assessed by inoculating the 
production medium with the previously determined 
optimal inoculum size of 3%. The medium was then 
incubated at 37 °C for varying durations of 24 hours, 48 
hours, 72 hours, and 96 hours.

Temperature 
The impact of temperature on protease production 
was examined by inoculating the production medium 
with an inoculum size of 3% and incubating at various 
temperatures of 30 °C, 37 °C, 40 °C, 45 °C, 50 °C, and 55 °C 
for 48 hours.

Initial pH 
The effect of initial pH was evaluated by inoculating the 

production medium with an inoculum size of 3% and 
incubating at 45°C for 48 hours at different initial pH rates 
of 9, 10, 11, and 12. 

Carbon and Nitrogen Sources
To investigate the effect of different chemical parameters 
on protease production, the production medium was 
supplemented with a 1% carbon source (starch, sucrose, 
galactose, and glucose) or 1% nitrogen source (sodium 
nitrate, casein, urea, beef extract, tryptone, a mixture of 
peptone and yeast extract, peptone, ammonium chloride, 
and yeast extract). The media were then inoculated with 
an inoculum size of 3% and incubated at a pH rate of 10 
for 48 hours at 45 °C.

Results
Protease Production Determination
Bacillus G2, isolated from petroleum sludge, was 
investigated for its ability to produce protease by the point 
inoculation technique on an agar medium supplemented 
with skim milk. The presence of protease production 
was indicated by the formation of clear hydrolytic areas 
around colonies. The productivity of protease was 
quantified through the protease assay using casein as the 
substrate. The findings revealed a protease activity level of 
146.67 U/mL.

Molecular Identification of Selected Isolate
The PCR amplification of the 16S rDNA gene revealed a 
single band of the amplified DNA product of approximately 
1500 bp (Figure 1). Based on the sequence analysis of the 
16S rDNA gene, the selected strain G2 demonstrated high 
sequence similarity to the members of the genus Bacillus. 

Figure 1. 16S rDNA Gene-Based Molecular Identification of Bacillus cereus 
G2. Note. rDNA: Ribosomal deoxyribonucleic acid; PCR: Polymerase chain 
reaction. Representative electrophoretic image of amplified PCR product. 
Lane 1: DNA ladder (GeneRuler DNA Ladder Mix, Thermo Scientific); Lane 
2: PCR amplified the 16S rDNA gene of the respective bacterial isolate
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The BLAST analysis conducted against the 16S rDNA 
sequence database (Bacteria and Archaea) confirmed that 
the G2 strain exhibited a 100% similarity to the Bacillus 
cereus strain MRY14-0060 (NCBI: AP022877.1).

Optimization of Culture Conditions for Protease 
Production by Bacillus cereus G2
The influence of various parameters on the production 
of protease by B. cereus G2 was investigated in this 
phase. The physical and chemical parameters, including 
inoculum size, incubation time, temperature, initial pH, 
and sources of carbon and nitrogen, were analyzed as well. 

Effect of Inoculum Size
The optimum inoculum size for producing protease was 
examined by testing different inoculum percentages, 
ranging from 0.5% (120 U/mL) to 6% (162 U/mL), in the 
production medium incubated at 37°C for 48 hours. The 
findings showed that protease activity increased as the 
inoculum size peaked at 3% (194.3 U/mL). Beyond this 
point, further increases in the inoculum size resulted in 
a decrease in enzyme activity. As a result, the inoculum 
size of 3% was determined to be the optimal condition 
(Figure 2).

Effect of Incubation Time
The effect of the incubation period on protease production 
was assessed by inoculating the production medium 
with an inoculum size of 3% and incubating at 37°C for 
durations ranging from 24 hours to 96 hours. The findings 
revealed that the maximum protease activity (194.3 U/
mL) for B. cereus G2 occurred at 48 hours (Figure 3). The 
activity was negligible during the first 24 hours (127 U/
mL) and declined to 142 U/mL by 96 hours.

Effect of Temperature
The optimal temperature for protease production was 
examined within the range of 30 °C to 55 °C. B. cereus 
G2 exhibited a steady increase in protease production, 
reaching its peak at 45 °C with an activity of 253.3 U/mL. 
Beyond this temperature, a gradual decline was observed 
in enzyme activity (Figure 4).

Effect of Initial pH
The effect of the initial pH of the medium, ranging from 9 
to 12, on protease production was evaluated by inoculating 
the medium with an inoculum size of 3% and incubating 
at 45°C for 48 hours. The results showed that increasing 
the initial medium pH from 9 to 10 significantly enhanced 
protease production, which then slightly decreased at pH 
rates of 11 and 12. The maximum protease activity was 
observed at a pH rate of 10, with an activity of 367.3 U/
mL (Figure 5).

Effect of Carbon Source
To evaluate different carbon sources, 1% of each carbon 
source was incorporated into the production medium, 
which was then inoculated with an inoculum size of 3% 
and incubated at a pH rate of 10 for 48 hours at 45 °C. 
Among the tested carbon sources, glucose significantly 
enhanced enzyme production, achieving a protease 
activity of 367.3 U/mL. In contrast, other sources, such as 
starch, sucrose, and galactose, yielded only 37.2%, 46.6%, 
and 96%, respectively, of the enzyme activity compared to 
glucose (Figure 6).

Effect of Nitrogen Source
In this study, each nitrogen source was incorporated into 
the production medium at a concentration of 1%. The 
medium was then inoculated with an inoculum size of 3% 

Figure 2. Effect of Inoculum Size on Protease Production. Note. Culture 
media were inoculated with different inoculum sizes of 0.5%, 1%, 2%, 
3%, 4%, 5%, and 6% (v/v), and incubated at 37 °C for 48 hours. Protease 
activity with an inoculum size of 3% (v/v) was considered 100%

Figure 3. Effect of Incubation Time on Protease Production. Note. Culture 
media were inoculated with an inoculum size of 3% and incubated for 
24 hours, 48 hours, 72 hours, 45 hours, and 96 hours at 37 °C. Protease 
activity for 48 hours of incubation was considered 100%

Figure 4. Effect of Temperature on Protease Production. Note. Culture 
media were inoculated with an inoculum size of 3% and incubated at 30 
°C, 37 °C, 40 °C, 45 °C, 50 °C, and 55 °C for 48 hours. Protease activity at 45 
°C was considered 100%
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and incubated at a pH rate of 10 for 48 hours at 45°C. Yeast 
extract emerged as the most effective nitrogen source, 
yielding the highest protease activity of 533.3 U/mL, 
compared to other tested inorganic and organic nitrogen 
sources (Figure 7).

Discussion
Identification of the G2 Strain
The bacterial strain G2 demonstrated the ability to 
degrade skimmed milk. In addition, the bacterial strain 
G2 represented the capacity to generate a discernible zone 
of clearance on agar plates containing skimmed milk. The 
formation of a clear zone on the plate indicated that the 
strain had secreted proteolytic enzymes into the medium, 
effectively degrading the skimmed milk. Accordingly, this 
strain was identified as a protease producer, and its activity 
was quantified using a protease assay in the presence of 
casein as a substrate.

The taxonomic identification of strain G2 was 
conducted through 16S rDNA sequencing, which has 
demonstrated the potential for distinguishing strains at 
the subspecies level (22). The 16S rDNA gene from strain 
G2 was amplified, and the results confirmed the presence 
of a single band of amplified DNA, indicative of efficient 
amplification. A BLAST (NCBI) search of the 16S rDNA 
gene sequence comparison revealed that the strain is 
classified under the Bacillaceae family, specifically within 
the genus Bacillus, and displays 100% sequence similarity 

with B cereus strain MRY14-0060 (NCBI: AP022877.1).

Effect of Inoculum Size
The determination of the optimal inoculum size is of 
paramount importance in the context of the fermentation 
process. To achieve the greatest possible enzyme 
production within a limited medium volume, it is essential 
to control the bacterial inoculum size. The greatest 
protease production was achieved at an inoculum size 
of 3%. Reddy et al (23) observed comparable outcomes 
in protease production by B. subtilis SVR-07, with the 
highest yield attained at an inoculum size of 3%. Other 
researchers have reported varying optimal inoculum 
sizes. In their studies, Ahmed et al (24) and Lakshmi et 
al (25) determined that 2% was the optimal inoculum 
size for B. cereus, while Shine et al (26) found that 4% 
was optimal for B. cereus RS3. In a separate study, Sharma 
et al (27) identified 5% as the optimal inoculum size for 
Bacillus aryabhattai K3. The relationship between enzyme 
production and inoculum size was elucidated through an 
examination of the competition between bacterial cells 
for nutrients. Venkata Mohan and Venkateswar Reddy 
(28) concluded that increasing the concentration of the 
microorganism inoculum enhances growth up to a certain 
threshold. Once this threshold is exceeded, microbial 
activity declines due to the depletion of nutrients essential 
for bacterial growth and enzyme production. Conversely, 
a reduction in inoculum size results in a lower cell 
concentration, thus leading to a reduction in the yield of 
the target product. Furthermore, lower cell concentrations 
necessitate a longer period to achieve the optimal growth 
levels required for substrate consumption and enzyme 
production.

Effect of Incubation Time
The incubation period was found to have a significant 
impact on enzyme activity, with B. cereus G2 achieving 
its maximum protease production at 48 hours. Similarly, 
Ahmed et al (24) reported findings for B. cereus ASM1 
that are consistent with the aforementioned results, 
noting that the peak protease production occurred at the 

Figure 5. Effect of pH on Protease Production. Note. Bacterial cultures were 
adjusted to pH rates of 9, 10, 11, and 12, inoculated with an inoculum size 
of 3%, and incubated at 45 °C for 48 hours. Protease activity at a pH rate of 
10 was considered 100%

Figure 6. Effect of Carbon Source on Protease Production. Note. Culture 
media were inoculated with an inoculum size of 3% and incubated 
with 1% carbon source (starch, sucrose, galactose, and glucose) at 45°C 
for 48 hours. Protease activity using glucose as a carbon source was 
considered 100%

Figure 7. Effect of Nitrogen Source on Protease Production. Note. Culture 
media were inoculated with an inoculum size of 3% and incubated with a 
1% nitrogen source (sodium nitrate, casein, urea, beef extract, tryptone, a 
mixture of peptone and yeast extract, peptone, ammonium chloride, and 
yeast extract) at a pH rate of 10 for 48 hours at 45°C. Protease activity using 
yeast extract as a nitrogen source was considered 100%
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same incubation duration. Similarly, other studies have 
observed the attainment of maximum protease yields for 
Bacillus isolates at 48 hours (22, 23, 27, 29, 30). However, 
different optimal incubation periods have been reported in 
the literature. The optimal incubation period for Bacillus 
sp. was found to be 60 hours (31), while B. cereus S8, B. 
licheniformis NCIM-2042, and Bacillus subtilis RSKK96 
required 72 hours (24), 96 hours (32), and 120 hours (33), 
respectively. In contrast with the aforementioned studies, 
strain G2 requires a shorter incubation period for protease 
production. The decline in enzyme activity beyond 48 
hours is attributed to the depletion of nutrients in the 
medium and changes in conditions that are unfavorable 
for microbial growth (34).

Effect of Temperature
Temperature is a critical parameter that exhibits 
variability between different organisms and must be 
regulated meticulously (35). B. cereus G2 demonstrated 
the highest protease production at 45°C. Similar findings 
were observed by Shine et al (26) for B. cereus RS3, with 
the highest protease production occurring at 45 °C. Other 
researchers have determined that the optimal temperature 
for protease production in Bacillus isolates is 45 °C (22,36). 
However, there is a discrepancy in the literature regarding 
the optimal temperature for alkaline protease production. 
The optimal temperature for protease production in B. 
cereus S8 (25), B. licheniformis NCIM-2042 (32), B. subtilis 
RSKK96 (33), and B. licheniformis N-2 (37) has been 
reported to be 37 °C. In contrast, B. subtilis NS represented 
optimal protease production at 40 °C (29), while in B. 
subtilis SVR-07, the optimal temperature was 55 °C (23). 
The decline in enzymatic activity at elevated temperatures 
is attributed to the inhibition of microbial growth, which 
in turn restricts enzyme production (38). It is widely 
acknowledged that elevated temperatures can result 
in alterations to protein conformation and subsequent 
degradation, ultimately leading to a reduction in protease 
activity (39).

Effect of Initial pH
The pH level of the culture medium exerts a profound 
influence on a multitude of enzymatic activities and the 
transport of diverse substances across the cell membrane 
(40). The maximum production of protease for B. cereus 
G2 was observed at the pH rate of 10, indicating that this 
strain exhibits alkaliphilic characteristics. Similar findings 
were found by Nadeem et al (37) and Pant et al (41), 
demonstrating that B. licheniformis N-2 and B. subtilis also 
exhibited the greatest protease production at the pH rate 
of 10. In contrast, other studies indicated that the optimal 
pH for alkaline protease production is 9 for B. cereus ASM1 
(24), B. cereus RS3 (26), B. subtilis SVR-07 (23), and B. 
subtilis NS (29). Lakshmi et al (25) observed that B. cereus 
S8 had peak protease production at the pH rate of 12. It 
has been established that enzyme production declines at 
pH levels outside the optimal range due to a reduction 

in the metabolic activity of the microorganisms, which is 
significantly impacted by pH changes in the medium (28).

Effect of Carbon Source
Carbon is a vital component in culture media, providing 
essential energy for microorganisms and playing a 
significant role in their growth and production of both 
primary and secondary metabolites. The type of applied 
carbon source can exert a profound influence on protease 
production, with different bacterial strains exhibiting 
a proclivity for disparate sources in their metabolic 
processes. Glucose has been identified as the most 
effective carbon source for the maximum production of 
proteases by B. cereus G2, exhibiting superior performance 
compared to galactose, sucrose, and starch. This finding 
corroborates the results of studies on B. cereus ASM1 (24), 
B. licheniformis N-2 (37), and B. subtilis MTCC7312 (2), 
demonstrating optimal protease production with glucose. 
Furthermore, fructose has been identified as a notable 
carbon source. In a study conducted by Joshi et al (42), 
the highest levels of protease were produced by B. cereus 
MTCC 6840 when fructose was employed as the carbon 
source in comparison to galactose, glucose, sucrose, or 
starch. Similarly, Shine et al (26) reported that B. cereus 
RS3 achieved the greatest protease production when 
fructose was used as the carbon source in comparison 
to other sources. Moreover, Lakshmi et al (25) observed 
that B. cereus S8 exhibited a preference for molasses over 
glucose for optimal protease production.

Effect of Nitrogen Source
The maintenance of the physiological and biochemical 
activities of microorganisms is contingent upon the 
availability of suitable nitrogen sources, exerting a 
significant influence on enzyme production. A variety of 
nitrogen substrates have been confirmed to be effective 
in enhancing protease production in different bacterial 
strains (43). In the case of B. cereus G2, yeast extract was 
identified as the most effective nitrogen source, exhibiting 
superior performance compared to other organic and 
inorganic sources. Similar findings have been reported for 
B. cereus RS3 (26), B. pumilus D3 (44), and B. sp. NPST-
AK15 (45), where yeast extract was also identified as the 
preferred nitrogen source for maximum alkaline protease 
production. In contrast, other studies have demonstrated 
peptone as the optimal nitrogen source for B. subtilis 
RMK (22). Moreover, Lakshmi et al (25) demonstrated 
that potassium nitrate significantly enhanced protease 
production in B. cereus S8. Conversely, Joshi et al (42) 
indicated that a combination of peptone and yeast extract 
was the most efficacious for B. cereus MTCC 6840.

Refineries produce a considerable quantity of sludge, 
which is classified as a hazardous pollutant (46). 
Microorganisms that flourish in extreme environments 
are adept at utilizing hydrocarbons as carbon and energy 
sources, thereby producing a plethora of extracellular 
enzymes with a range of catabolic functions. These enzymes 
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are of considerable value for a multitude of practical and 
industrial applications. The results of this study revealed 
that petroleum sludge provides an optimal environment 
for the isolation of bacteria that produce proteases.

Alkaline proteases are widely used in various industries 
due to their ability to function effectively in high pH 
environments. The ability of B. cereus G2 to produce these 
enzymes under thermophilic conditions suggests that 
it could be a valuable resource for industries requiring 
robust and efficient proteases. This could lead to more 
sustainable and cost-effective production processes, 
enhancing the overall efficiency and environmental 
friendliness of industrial operations. Furthermore, the 
unique properties of the B. cereus G2 strain could inspire 
the development of new biotechnological applications, 
such as in waste management and bioremediation, where 
the degradation of complex organic materials is essential. 
The strain’s resilience and enzymatic capabilities could 
be harnessed to improve the degradation of pollutants in 
harsh environmental conditions, contributing to cleaner 
and more sustainable industrial practices.

The study has successfully demonstrated enzyme 
production at the laboratory scale; however, scaling 
up to industrial production may introduce unforeseen 
challenges to the commercial viability of this process. 
Variations in environmental conditions, equipment 
differences, and the need for optimization at larger scales 
can significantly influence enzyme production.

Conclusion
Alkaline proteases are employed in a multitude of 
industries, including those related to medicine and 
environmental remediation. The primary objective in 
selecting an organism for commercial enzyme production 
is to achieve the greatest possible enzyme yield, given 
the constraints of the production process. This research 
investigated and produced an alkaline protease from a 
locally isolated Bacillus strain found in petroleum sludge. 
The producing bacterium was evaluated for protease 
production using agar plates containing skim milk. 
The presence of clear zones around colonies indicated 
the presence of the enzyme, which was subsequently 
confirmed through a protease assay. The bacterial isolate 
was identified as B. cereus G2 through 16S rDNA sequence 
analysis. The optimization of protease production from B. 
cereus G2 entailed the adjustment of multiple parameters, 
including inoculum size, incubation time, carbon and 
nitrogen sources, temperature, and pH. The highest level 
of alkaline protease productivity was observed when the 
inoculum size was 3%, the incubation period was 48 hours, 
the pH was 10, and the temperature was 45°C. In addition, 
1% glucose and 1% yeast extract were employed as the 
carbon and nitrogen sources, respectively. Subsequently, 
the alkaline protease activity was found to be 4.44-fold 
higher (533.3 U/mL) in comparison to the initial stage of 
enzyme production optimization (120 U/mL).

The results of this study confirmed that bacteria 

indigenous to refinery sludge with petroleum 
hydrocarbons may serve as a valuable source of microbial 
enzymes. The isolate, designated B. cereus G2, was 
obtained from petroleum sludge in Syria and has been 
identified as a promising candidate for the production of 
alkaline protease. Further research is required to purify 
and characterize this enzyme, as well as to investigate 
potential genetic modifications that could enhance 
its activity. Future directions also include industrial 
application testing and enzyme stability studies to expand 
the practical applications of this enzyme.
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