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ABSTRACT  
 

Fifteen local isolates of halophilic bacteria were isolated from sea grasses, Agamy district, 
Alexandria Governorate, Egypt. They were screened for halo-tolerant proteolytic activity in skim milk - 
sodium chloride medium. Out of those isolates, only eight showed different halo-tolerant alkaline protease 
(APase) activities. The isolate D10 displayed the highest halo-tolerant proteolytic activity (17 U). It was 
identified morphologically, biochemically and genetically as Bacillus cereus (GenBank accession number 
KT361851). Therefore, it was selected for further investigations. Fermentation conditions, in terms of 
sodium chloride concentration in medium (1-25%), medium initial pH (4.5 - 8.5), Aeration of culture (5-50 
ml medium / 100 ml conical flasks; i.e. 19-1 air/medium, vv), and fermentation period (culture age; 1-7 days) 
on APase production by B. cereus NRC-1 have been investigated at 35ºC under shaking conditions (100 
rpm). Optimum alkaline protease productions were obtained with 5% sodium chloride concentration (29.4 
U), i.e. it is a moderate halophile, pH 7 (67.1 U), air/culture 19 v/v (69.3 U), and 5 days fermentation period 
(74.4 U).  As for the alkaline protease enzyme activity, it was found that the absence of sodium chloride in 
the reaction mixture gave rise to the highest activity. Whereas, optimum reaction temperature for enzyme 
activity was relatively high (60ºC), while the optimum pH was slightly alkaline (7.6).  On the other hand, 
the salt, heat (thermo-), and pH stabilities of the crude enzyme (cell free supernatant) were investigated at 
0–5 % NaCl concentrations, temperature range of 30-70ºC, and 5.6-11.6 pH values, for 15 min. After 15 
minutes, activities have declined 41% (at 5% NaCl, in comparison with that incubated with 0% 
concentration), 72% (at 70ºC, in comparison with that incubated at 30ºC), and 36% (at pH 11.6, in 
comparison with that incubated at pH 7.6). Hydrolyzing the gelatin layer of disposable X-ray films using 
APase excreted by Bacillus cereus NRC-1 culture and release of silver, the gelatin was completely removed 
after 1h incubation. 
 
Key words: Bacillus cereus, halophilic bacteria, alkaline protease "APase", sodium chloride, fermentation 

period, application, hydrolysis of used X-ray gelatin. 

 
Introduction  

 
Alkaline proteases (APases) make up a main contribution of the enzyme marketplace globally, cause 

of their requests in different application areas, for example silver pickup, waste management, diagnostic 
reagents, detergents, food, leathers, and pharmaceuticals  (Gupta et al. 2002). 

Those enzymes are working within specific extents of ionic strength, temperature, and pH. 
Furthermore, the application and use of those enzymes in hard manufacturing circumstances makes them 
un-recommendable, since they became ineffective or inappropriate. Thus, Govardhan & Margolin (1995) 
and Robertson et al. (1996) stated; "It is necessary to look for novel microbial resources". They added, "The 
microbes from various harsh habitats (extremophiles) are taken into account as essential resources of 
enzymes; and their particular features are anticipated to give rise to new purposes". 

Halophilic microorganisms need not less 0.2 Molar concentration of sodium chloride for their 
proliferation and able to oppose the consequences of osmotic strain. They are established in almost entire 
main microorganisms' types, comprising eukaryotes and prokaryotes (Archaea & Bacteria). They were 
categorized as slight halophilic organisms at what time cultivate maximally at 0.20 to 0.85 Molar (2 to 5%) 
concentration of sodium chloride, as moderate halophilic organisms what time they develop at 0.85 to 3.40 
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Molar (5 to 20%) sodium chloride concentration, and as extreme halophilic organisms as they proliferate at 
3.4 to 5.1 Molar (20–30%) sodium chloride (DasSarma 2005 and DasSarma et al. 2010). At lesser saltiness, 
affiliates of Bacteria & Eukarya take over populations, while associates of the Archaea rule at elevated 
salinities (DasSarma et al. 2010). 

Substantial spotlight has been shed on enzymes excreted by moderately halophiles microbes and their 
biotechnological capabilities (Ventosa et al. 1998 and Ventosa 2004). Mohaparta et al. (1998) explained that 
those halophiles give best activities at elevated salinities degrees making them functional in numerous cruel 
manufacturing processes using extreme salt solutions repressing several enzymatic conversions. 

Production of protease has been shown in some species of halophilic microorganisms such as Bacillus 
clausii (Kumar et al. 2004), Pseudoalteromonas sp. CP76 (Sa´nchez-Porro et al. 2003), Halobacterium 
mediterranei (Stepanov et al. 1992), Natrialba magadii (Gime´nez et al. 2000); and many isolated halophiles 
(Norberg & Hofsten 1969, Kamekura & Onishi 1974, Kamekura & Seno 1990, Kamekura et al. 1992, Ryu 
et al. 1994, and Lama et al. 2005). 

Protease enzymes have shown to be excreted in salty medium, containing namely sodium or potassium 
chloride. Bacterial augmentation, production & activity of protease were solely recorded in the existence of 
salts. Halo-tolerant bacteria form an adaptable group; can stay alive or adapted to life at less salinity. In 
addition, they have possibility of fast adjustment to fluctuations in the peripheral salt concentration. On the 
contrary, the halophilic archaea severely need continuous occurrence of elevated salt concentrations (3 to 4 
Molar) for continued existence (Litchfield 2002). This possession of bacterial halotolerants makes them 
better nominees for bio-promising than their counterpart halophiles (Jadhav et al. 2013). 

The well-matched solutes of halophilic microorganisms (Roberts 2005) are used widely in food (as 
preservatives) & makeup (as moisturizers) manufacturing, and in the learning sphere as representation for 
education (DasSarma 2007). Other purposes, including numerous in the ecological, chemical, biofuel, 
healthiness needs and pharmaceutical industries, are probable to be obtainable in the prospect (DasSarma et 
al. 2010). 

Silver is a vital manufacturing metal exploited in various areas such as electronic items, jewelries, 
silver wares, x-rays, and photographic films (Choudhary 2013). Three motives are concerning why silver 
(distributed in gelatin layer) must be picked up from utilized X-ray films; i.e., saving of a valuable metal, 
moneymaking return, and ecological affairs. A photographic or X-ray films use silver cause of its matchless 
quality as a light-sensitive substances for making a photographic image. Silver is not damaged in the 
photographic development, and can be re-exploited & picked up. Moreover, X-ray films are prepared from 
polyester that not able to recycle during conventional methods of silver removal (Gupta et al. 2002). The 
method of protein (gelatin) hydrolysis by enzymes not only takes silver out from proteins, but as well leaves 
polyester base clean to be salvaged. 

 
Materials and Methods 
 
 

Isolation of Bacteria: 
 

Sea grasses samples were collected from a beach located at Agamy district, Alexandria Governorate, 
Egypt. Serial dilutions were prepared in sterilized distilled water, and 0.1 ml-diluted sample was spread on 
the surface of nutrient agar medium. The plates were incubated at temperature 37°C for 24 hrs. The different 
morphological colonies appeared on the plates were re-streaked on the same medium for purification, then 
isolated separately and preserved at 4°C. 

 
Screening of Isolates for Alkaline Protease Producers: 
 

Fifteen isolates of halophilic bacteria were screened for halotolerant proteolytic activity. The inocula 
were grown in skim milk liquid medium containing (%; g/100ml): skim milk, 10 and sodium chloride, 5; pH 
7 (Jadhav et al. 2013). Then, they were incubated at 35ºC under shaking conditions (100 rpm) for 24h and 
were used as inocula (2%, 1ml / 50ml medium) for experimental flasks. The isolate displayed the highest 
proteolytic activity (D10) was identified, and selected for further studies. 
 
Identification of the Selected Bacterial Isolate: 
 

Pure culture of the selected bacterium was identified on the basis of their colonial and cell morphology 
as well as their Gram stain and biochemical tests according to Bergey’s Manual of Systemic Bacteriology 
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(Krieg & Holt 1986).  It was also identified using 16S rDNA sequencing. The bacterial genomic DNA was 
extracted using fresh crude extract method (Ostuki et al. 1997) and used as DNA template in PCR 
amplification. The reaction mixture for PCR was 10 μl iTaq Master Mix, different DNA concentration, 1μl 
universal forward primer (8F) (AGAGTTTGATCATGGCTCAG), 1 μl universal reverse primer (1492R) 
(GGTTACCTTGTTACGACTT) (Lane 1991) and water free nuclease up to 20 μl. PCR amplification was 
performed in a thermal cycler AmplitronyxTM (NYXTECHNIK, USA) programmed for one cycle at 95ºC 
for five minutes, then 35 cycles were performed as follows: two minute at 95ºC for denaturation, one minute 
at 48ºC for annealing, four minute at 72ºC for elongation, and twenty minutes at 72ºC for final extension. 
Reaction mixture was held at 4ºC until sent to sequencing which was performed at Macrogen Co., Korea. 

 
 Influence of various Parameters on Protease Production and Stability: 
 

Study of some fermentation conditions impact as mentioned by Jadhav et al. (2013) was performed in 
terms of NaCl concentration, aeration, pH and fermentation period. Thus, the selected strain was cultivated 
at 35ºC, NaCl concentration range of 1-25% for 1 to 7 days. The medium volume in 100 ml conical flask 
varied from 5 to 50 ml and pH values ranging from 4.5 to 8.5. Additionally, the thermo-stability, pH stability, 
and salt stability of crude enzyme (cell free supernatant) was studied at temperature range of 30-70ºC, 5.6 - 
11.6 pH values, and 1–5 % NaCl for 15 min. 
 
Assay for alkaline Protease Activity: 
 

Protease activity of crude enzyme was determined according to Cupp-Enyard (2008) using casein as 
a substrate at concentration 1% (w/v) in 0.1 M glycine-NaOH buffer (pH 9). The proteolytic activity was 
calculated in Units, which is defined as the amount in micromoles of tyrosine equivalents released from 
casein per minute per ml of crude supernatant fluid sample. 
 
Application: 
 

Hydrolysis of gelatin layer of used X-ray films and release of silver was carried out according to the 
method of Shankar et al. (2010). 

 
Results and Discussion 

 
Screening of the Halophilic Bacterial Isolates for Production of Halotolerant Alkaline Protease: 

Fifteen isolates of halophilic bacteria were investigated for halotolerant alkaline protease production 
at 5% sodium chloride concentration. They were grown on 10% skim milk medium (pH 7) at 35ºC for 10 
days, under shaking (100 rpm). The D10 isolate had the highest activity units (17 U) as shown in Table 1. 
So, it was selected for production physiology experiments to optimize its enzyme production with justifying 
growth conditions. In this respect, the main disadvantage of production of extremophilic enzyme is the 
complexity of growing them in lab and manufacturing situation. Advances and troubles in the biocatalysts 
production from extremophilic organisms have been offered by Schiraldi & DeRosa (2002). The condition 
required for the growth of halophiles is a suitable medium containing up to 5 M NaCl (Gomes & Steiner 
2004). In turn, improvement of growth conditions may enhance enzymes production to fit these conditions. 
 
Identification of the Selected Bacterial Isolate: 

 
The selected bacterial isolate (D10) was identified morphologically, biochemically and genetically 

(GenBank accession number KT361851) as Bacillus cereus. The results revealed that D10 isolate was rod-
shaped, Gram-positive, endospore forming, facultative aerobic, motile, catalase producing, starch 
hydrolyzing, non-crystal toxin forming, and hemolytic. 

 
16S rDNA sequencing: 

 
Different DNA concentrations were used to optimize the 16S rDNA amplification results indicated 

that two µl of diluted DNA (1:10) had the optimum 16S rDNA amplicon concentration. It was purified, 
sequenced and submitted to Gene Bank with the GenBank accession number KX301062. This sequence was 
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compared with the available sequences in GenBank with blast tool by means of NCBI. The results of 
BLASTN program showed 99% homology with six Bacillus cereus strains, one B. anthracis and four B. 
thuringiensis strains where B. cereus was the most probable related species. In spite of they have alike 
characteristics, they are distinguishable; as B. anthracis is nonhemolytic and B. thuringiensis produces 
crystal toxins; whereas B. cereus is motile (FDA 2007). According to the obtained results, the D10 isolate 
was identified as Bacillus cereus NRC-1. 
 
Table 1: Production of halo-tolerant alkaline protease by shaken cultures of halophilic bacterial isolates, grown 

on skim milk medium. 
Halophilic Bacterial Isolates Protease (U/ml/min) 

B4 0.0 

D10 17.0 

D15 5.3 

D16 0.0 

E5 0.0 

G5 10.2 

G7 11.8 

G1 5.9 

G2 3.5 

G3 0.0 

G4 0.0 

G6 0.0 

G8 0.0 

G9 2.8 

G10 8.2 

 
Effect of Medium NaCl Concentration on APase Production by B. cereus NRC-1 Shaken Culture: 

 
Kushner (1978) reported that moderate halophilic microorganisms could grow at 3-15% (w/v) sodium 

chloride. On the other hand, as mentioned by DasSarma & DasSarma (2005), halophiles are classified as 
slight halophilic when they grown optimally at 0.20 - 0.85 M (i.e., 2–5 %) sodium chloride, as moderate 
halophilic when they grown at 0.85–3.4 M (i.e., 5–20 %) sodium chloride, and as extreme-halophilic when 
they grown at 3.4–5.1 M (i.e., 20–30 %) sodium chloride. 

In the present study, it is clear from Table 2 that the optimum NaCl medium concentration of Bacillus 
cereus NRC-1 culture was 5%. Thus, it could be classified as moderate halophile, according to Kushner 
(1978) and DasSarma & DasSarma (2005). Moderately halophilic bacteria could be exploited as a supply of 
well-matched solutes, metabolites, and other industrially precious compounds. In addition, new halophilic 
biomolecules might be employed for specific applications, e.g. well-matched solutes (as stress protectants), 
pigments (for food coloring), and bacterio-rhodopsin (for bio-computing); as mentioned by DasSarma & 
Arora (2001). 
 
Table 2: Influence of medium sodium chloride concentration on APase excretion from Bacillus cereus NRC-1 

shaken culture, grown on skim milk medium. 
NaCl (%) Protease (U/ml/min) 

1 12.8 

2 15.4 

5 29.4 

10 11.7 

15 4.7 

25 4.0 

 
Donio et al. (2014) cleared that sodium chloride played a significant function for the proliferation of 

marine Bacillus cereus TC-1. They found that bacterial increased in 2% sodium chloride - supplemented 
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medium reached the stationary stage at 24 h with less quantity of bacterial counts. The sodium chloride 
contents from 4 - 6% in the growth media led to more rapidly growth of the Bacillus cereus TC1 in the 
growth media, and the cells attained the stationary stage at 48 h. However, both concentrations of 12 & 15% 
of sodium chloride - augmented growth media failed to stimulate Bacillus cereus TC1 growth because of the 
elevated concentrations, and it might result in stress to the bacterial cells and not to be capable to split. 
Founded on higher density of cell and quicker growth time, their investigation revealed that the best sodium 
chloride concentrations in the growth media were from 4-6 %. 
 
Influence of Initial pH of Medium on APase Release by B. cereus NRC-1 Shaken Culture: 

 
In the current work, the optimum medium pH for APase synthesis by B. cereus NRC-1 was at 7 as 

shown from Table 3. 
Srivastava & Srivastava (2003) clarified that most bacteria prefer near neutral pH for their metabolic 

activities. They added that the effect of pH is exerted through protein alterations and the secondary & tertiary 
structures of proteins are largely maintained due to charge interactions within the constituent amino acids 
that are affected by pH; that results in changes in shape and consequently the activity of the enzyme protein. 
Thus, either very high or low pH is inhibitory. Moreover, bacteria are less tolerant to high temperature at 
low pH. While describing the optimal pH for growth, it should be borne in mind that this represents the pH 
of the external environment only; the intracellular pH must be maintained around neutrality to protect the 
acid- or alkali-labile macromolecules inside the cell. As well, Uyar et al. (2011) found that optimum medium 
pH for production of APase by a terrestrial B. cereus CA15 was near neutral (pH 8). 

Nikerel et al. (2008) reported that "the effect of bioprocess conditions (temperature & pH) on APase 
production & growth of halotolerant B. licheniformis BA17 bioreactor microbial cultures was thoroughly 
examined by 'response-surface-methodology' that evaluate the significance of those in general ignored 
parameters". They proposed two models differing by the selection of response variable. Under maximized 
conditions of bioprocess, completely APase action was three fold higher than those were attained in the 
beginning investigations. 

Thus, Nikerel et al. (2008) results are in accordance with the present study using halotolerant Bacillus 
cereus NRC-1. Since, optimization of some variable parameters; pH, sodium chloride concentration, 
aeration, and fermentation period resulted in higher activities. Moreover, outcomes of that investigation not 
highlighted only the significance of temperature and pH for additional engineering uses but as well provide 
foundation for comprehending the proper mechanism lying under the relation between those bioprocess 
factors, in one hand, and entire APase biosynthesis & growth, on the other hand. 

 
Table 3: Influence of medium initial pH on APase formation by B. cereus NRC-1 shaken culture, grown on skim 

milk medium. 
Medium pH Protease (U/ml/min) 

4.5 0.0 

6.5 58.3 

7.0 67.1 

7.5 42.2 

8.0 45.0 

8.5 34.1 

 
Influence of Aeration on APase Production by B. cereus NRC-1 Shaken Culture: 

 
In the present work, B. cereus culture was grown in different volumes of medium (5-50 ml medium / 

100 ml conical flasks; equivalent to 19-1 air/medium, vv). It was noticed (Table 4) that the selected strain is 
an aerobic bacterium that needs high aeration ratio to maximize alkaline protease production. Thus, the 
alkaline protease activity was gradually increasing with increasing aeration; reaching its maximum (69.3 U) 
at 19 v/v aeration level. Since, there is a relation between APase production and promoting growth at the 
same time (Nikerel et al. 2008) 
 
 
 
 

http://academic.research.microsoft.com/Keyword/2779/bacillus-licheniformis
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Influence of Fermentation time on APase Production by B. cereus NRC-1 Shaken Culture: 
 

Schneegurt (2012) reported that microbial growth in media of high salinity is often slow, so it is usual 
to maintain cultures for weeks rather than days. They added that evaporation from liquid cultures, especially 
shake-flasks, at elevated temperatures, could be problematic and lead to changes in salinity with time and 
even salt precipitation. 

However, it was established that optimum fermentation time was only 24h for production of APase 
from B. cereus 146 (Shafee et al. 2005), for metallo-protease from B. cereus (Sousa et al. 2007), alkaline 
serine proteases from Bacillus mojavensis strain A21 (Haddar et al. 2009), and for protease from Bacillus 
aquimaris VITP4 (Shivanand & Jarayaman 2009). Moreover, Yeannes et al. (2011) obtained positive results 
through the SAMm medium (Salt-Agar-Milk medium modified in their lab by adding KCl  & MgSO4) 2-3 
days in advance than in the course of the conventional media. The SAMm medium showed higher or similar 
figures in comparison with the conventional media. In addition, Uyar et al. (2011) found that the best APase 
production from a soil isolated B. cereus CA15 was attained through stationary phase, in which the cell mass 
attained 1.8 x 108 cells / ml. 
 
Table 4: Effect of culture aeration (air/medium ratio, v/v) on alkaline protease production by B. cereus NRC-

1 shaken culture. 
Medium Volume  

(ml / 100ml conical flask) 
Air/medium       

(v/v) 
Protease 

(U/ml/min) 

5 19.0 69.3 

10 9.0 67.1 

15 4.0 35.8 
20 2.3 30.0 

25 1.5 28.9 
50 1.0 10.8 

 
Thus, their results are in accordance with ours (Table 5). Since, in the present work, Bacillus cereus 

NRC-1 culture was grown in skim milk medium under shaking culture condition for 7 days. The optimum 
fermentation period was only five days. 

 
Table 5: Influence of fermentation period on APase production released from Bacillus cereus NRC-1 shaken 

culture, grown on skim milk medium. 
Fermentation Period (Days) Protease (U/ml/min) 

1 37.6 

2 40.5 

3 43.9 

4 48.3 

5 74.4 

6 51.4 

7 26.6 

8 0.0 

 
Additionally, some properties of alkaline protease produced by B. cereus NRC-1 as follows. 

 
 Effect of Sodium Chloride Concentration in Enzyme Reaction Mixture on Activity & Stability of 
APase: 
 

Equal aliquots of crude enzyme were kept in different concentrations of sodium chloride [1% (0.17M) 
- 5% (0.86M)] for 2h before reaction starting. Then, alkaline protease activity was monitored at absence (0% 
Control) or presence of different concentrations of NaCl. All applied concentrations of sodium chloride 
inhibited the enzyme activity (Table 6a). At concentrations ranged from 1 to 4% (0.17-0.68 M), enzyme 
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retained activity slightly decreased down to 80s%, comparing to control (0% sodium chloride). Whereas, at 
the higher concentration of salt (5% = 0.86M), the activity has decreased to 61%. 

As for salt stability (Table 6b), at Low concentrations of salt (1, 2 & 3 %; i.e. 0.17, 0.34 & 0.51 M), 
there were only 9.5, 15.9 & 17.6% losses in enzyme activities, respectively. While, at higher concentrations 
(4% (0.68M) & 5% (0.86M), losses raised to 30.8 & 41.4%, respectively. 

In contrast, Devi-Rajeswari and his colleagues (2012) have investigated the effect of NaCl (0-2M) on 
protease activity (produced by halotolerant bacterium Virgibacillus dokdonensis VITP14). Highest activity 
was attained at 1.5 M. In addition, an investigation by means of Salinivibrio sp. showed highest activity at 
0.5M (Karbalaei-Heidari et al. 2007). Additional increase of NaCl Levels resulted in decrease in activity. 
That is compliant with other studies illustrated decline in activity with raised salt levels (Patel et al. 2006). 

Nevertheless, an investigation with Proteobacterium (a marine bacterium) viewing best activity at 
30% of sodium chloride and yet it is still steady at 35% (Sana et al. 2006). In addition, another investigation 
with a marine organism Halogeometricum borinquense demonstrated activity with 30% sodium chloride yet 
at an incubation temperature of 60°C (Vidyasagar et al. 2006). 

Thus, Impact of sodium chloride concentration in enzyme reaction mixture on alkaline protease 
activity and stability is a matter of strain source of enzyme. 

 
Table 6a: Effect of sodium chloride concentration in enzyme reaction mixture on APase activity excreted by 

Bacillus cereus NRC-1. 
NaCl (%) Protease (U/ml/min) Recovered Activity (%) 

0 101.3 100 

1 86.3 85.2 

2 85.5 84.4 

3 83.4 82.4 

4 83.9 82.8 

5 62.0 61.2 

 
Table 6b: Effect of sodium chloride concentration in enzyme reaction mixture on stability of alkaline protease 

produced by B. cereus NRC-1. 
Salt Stability (NaCl %) Protease (U/ml/min) Recovered Activity (%) 

0 101.3 100 

1 91.7 90.5 

2 85.2 84.1 

3 83.5 82.4 

4 70.1 69.2 

5 59.3 58.6 

 
Optimum pH & pH Stability of APase: 

 
In the present investigation, pH profile of the halotolerant protease was assayed at 40°C and dissimilar 

pH values (5.6 - 11.6). The protease was active in the wide range of pH degrees, and the most favorable pH 
was at 7.6 (Table 7a). Likewise, in an earlier investigation with a protease formed by Monascus purpureus 
grown on marine wastes showed optimum pH of 8 (Liang et al. 2006). As well, Ravindran et al. (2011) 
found that the best reaction pH of APase formed by Bacillus cereus (under solid-state fermentation of 
proteinaceous tannery solid waste) was 8. 

However, an investigation with B. subtilis PE-11 (Adinarayana et al. 2003), B. subtilis CN215 (Uchida 
et al. 2004), Bacillus sp. (Gupta et al. 2005), and haloalkaliphilic bacterium Halogeometricum borinquense 
(Vidyasagar et al. 2006) has demonstrated a higher optimum pH of 10 for APase activity. As well, Abou-
Elela et al. (2011) found that the optimum pH of alkaline protease produced y alkaliphilic marine Bacillus 
cereus (isolated from Marsa-Matrouh Governorate, Egypt) was 10. 

http://ascidatabase.com/author.php?author=V.%20Devi&last=Rajeswari
http://scialert.net/fulltext/?doi=ajb.2012.123.132
http://scialert.net/fulltext/?doi=ajb.2012.123.132
http://scialert.net/fulltext/?doi=ajb.2012.123.132
http://scialert.net/fulltext/?doi=ajb.2012.123.132
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As for pH stability (Table 7b), highest enzyme pH stability was at the same as its optimum pH (7.6). 
However, it was noticed that at lower pHs (6.6 & 5.6), the enzyme was completely inhibited. 
 
 
Table 7a: Effect of pH value of enzyme reaction mixture on APase activity released by Bacillus cereus NRC-1. 

pH Protease (U/ml/min) 
11.6 39.2 

10.6 24.9 

9.6 32.2 

8.6 25.2 

8.4 23.4 

8.6 28.9 

8.4 13.1 

7.6 41.1 

6.6 0.0 

5.6 0.0 

 
Table 7b: Effect of pH value of enzyme reaction mixture on stability of alkaline protease produced by B. cereus 

NRC-1. 
pH Protease (U/ml/min) 

11.6 43.2 

10.6 45.1 

9.6 48.3 

8.6 51.2 

8.4 55.8 

8.6 60.8 

8.4 53.7 

7.6 67.3 

6.6 49.1 

5.6 55.4 

 
 Optimum Incubating Temperature & Heat Stability of APase: 

 
In the current study, investigating different degrees of reaction temperature (20-70ºC) for the enzyme 

reaction mixture, the most favorable temperature for APase activity (98.4 U) was relatively high, 60°C 
(Table 8a). Nevertheless, at the higher temperature degree (70ºC), the activity dramatically decreased down 
to only 21.5 U. 

Alike results were achieved for proteases from diverse Bacillus spp.; Bacillus cereus BG1 (Ghorbel-
Frikha et al. 2005), B. pumilus (Kumar 2002), and B. mojavensis (Beg & Gupta 2003). In addition, the 
present results are in accordance with another report (Gupta et al. 2005) proved 60°C as optimum for a 
solvent tolerant bacterium Pseudomonas aeruginosa even though it was active from 40-65°C  and a lot of 
halophilic proteins for instance protease from halophilic bacterium Salinivibrio sp. showing optimal activity 
at 65°C. Nevertheless, the temperature tolerance of that enzyme was fairly higher than Sana et al. (2006) 
who demonstrated that 40°C was most advantageous for a marine bacterium. 

On the other hand, less degrees of optimum reaction temperature were obtained, since; Abou-Elela et 
al. (2011) found that the optimum temperature of APase produced by alkaliphilic marine Bacillus cereus 
(picked up from Marssa-Matrooh Governorate, Egypt) was 50ºC. Ravindran et al. (2011) found that the 
optimum reaction temperature of APase produced by B. cereus (in solid-state fermentation of proteinaceous 
tannery solid waste) was 40ºC. In addition, Devi-Rajeswari et al. (2012) reported that optimum temperature 
for protease activity (produced by halotolerant bacterium Virgibacillus dokdonensis VITP14) was 40°C; afar 
that there was a fast decrease. Likewise, at lesser temperature, enzyme activity harshly reduced. 

http://ascidatabase.com/author.php?author=V.%20Devi&last=Rajeswari
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As for heat Stability (at 20-70ºC), at relatively high degrees 40, 50 & 60ºC, only slight enzyme activity 
losses were observed (-2.2, 1.9 & 19%, resp.), moderate stability, comparing to/with that at 30ºC (Table 8b). 
Whereas, at the higher degree (70ºC), dramatic loss (-72.3%) was recorded. 

 
Table 8a: Effect of enzyme reaction temperature on APase activity excreted by Bacillus cereus NRC-1. 

Enzyme Reaction Temperature 
(ºC) 

 

Protease 
(U/ml/min) 

Recovered Activity  
(%) 

20 33.7 34.2 

30 46.3 47.1 

40 78.5 79.8 

50 91.2 92.7 

60 98.4 100 

70 21.5 21.9 

 
Table 8b: Effect of enzyme reaction temperature on stability of APase produced by B. cereus NRC-1. 

Heat Stability (°C) Protease  (U/ml/min) Recovered Activity (%) 

30 62.9 100 

40 61.5 97.8 

50 61.7 98.1 

60 51.0 81.1 

70 17.4 27.7 

 
Application: Hydrolysis of gelatin layer in waste X-ray films by alkaline protease excreted from B. 
cereus NRC-1 culture and release of silver: 
  

Verifying the capability of alkaline protease (produced by B. cereus NRC-1 culture) for hydrolysis of 
gelatin in gelatin-silver layer of old X-ray films and, consequently, liberate of silver, the gelatin sheet was 
totally detached after 1h incubation with the culture (Figs. 1a,b,c). OD at 660 nm of 6 days old microbial 
culture only (control) was 1.28. Whereas, OD of reaction mixture (Culture + used X-ray films strips) after 
incubation for 1 h has increased to 1.95 owing to release of silver ions. 

 

 
Fig. 1a: Right flask (control) contains microbial culture only (6 days old); and Left flask (reaction flask) contains 

microbial culture + used X-ray film strips BEFORE incubation. 
 



Middle East J. Appl. Sci., 6(4): 964-976, 2016 
ISSN 2077-4613 

973 

 
Fig. 1b: Right flask (control) and Left flask (reaction flask AFTER 1h incubation). 

 

 
Fig.1c: Right flask (control). The contents of the Left flask (reaction flask AFTER 1h incubation) were 

separated into black medium containing released silver (in beaker) and clear treated films (in Petri 
dish). 
 

The time necessary for full breakdown of gelatin layer by proteases from alkalophilic Bacillus spp. is 
varying in accordance with strain explored. Masui et al. (1999) investigated the breakdown of gelatin layer 
by APase from alkalophilic Bacillus sp. & its mutants. They recorded up to 17 % gelatin hydrolysis within 
30 minutes according to the APase source (mutant or wild microorganism), whilst full breakdown has 
ascertained in 45 minutes for the entire enzymes tested at concentration of 5 U/ml, 50̊C & pH 10.5. They 
noticed that inflammation of gelatin layer on X-ray film has happened through first half an hour, then 
degradation going on quickly within the next 15 minutes. Alternatively, Fujiwara et al. (1989) found that 
total hydrolysis of gelatin by an APase from alkalophilic Bacillus sp. B21-2 has occurred in 8 minutes at 
40ºC, pH 10.5 and at APase concentration of 100 U/ml; whereas all the APases from neutrophile B. subtilis 
required more than 20 minutes to take action. As for Subtilisin BPN, it required 30 min to decay the gelatin 
sheet at 50-60ºC whilst reaction period elevated to 120-180 minutes at 30ºC. Summing up, it seems that time 
necessary for complete degradation of gelatin layer in X-ray films by proteases depends on microbial origin 
of the enzyme, its concentration, reaction pH, and temperature. 

 
Conclusion 

 
Not all the halophilic bacterial isolates showed halo-tolerant proteolytic activity. The selected strain 

(Bacillus cereus NRC-1) displayed the highest halo-tolerant proteolytic activity. Some cultural conditions 
(sodium chloride concentration in medium, initial pH of medium, aeration of culture, and fermentation 
period) were studied and optimized for alkaline protease production from the selected strain. In addition, 
some factors affecting the enzyme activity were studied (sodium chloride concentration, pH and temperature; 
in reference to optimum & stability). Recycling and reuse of natural mineral wealth remains most possible 
alternative to delay the collapse caused owing to their reduction. This investigation shows that alkaline 
protease of the isolated strain Bacillus cereus NRC-1 has the possibility of being useful for recycling of 
silver from disposable x-ray films by an environmentally safe method. 
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