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ABSTRACT: We used Three bacterial  isolates RSW-8018, RSS-8028 and HFW-9081  
isolated from different  Egyptian regions which have the ability to grow up to 90°C and produce 
thermophilic proteases enzymes.  We characterize those isolets Morphologically ,biochemically 
and molecularly . Morphological tests showed them as Gram positive, aerobes and endospore 
formers. Biochemical tests showed them to be positive for protease and catalase production. 
Molecular characterization was done by detection of nucleotide sequencing of   16S rRNA gene 
obtained data their  identity to be Bacillus amyloliquefaciens, Bacillus cereus and Alcaligenes 
faecalis. We tested characteristics of  protease enzyme to its  response to heat ,PH ,presence 
of different metal ions and EDTA.  
Our data showed that this enzyme is isolated over a wide range of PH and temperature. Its 
activity was slight inhibited by Na+ and Cu+2 and but inhibited  by EDTA, Mn+2 , Fe+3 and 
Ca+2. 
This would facilitate its use in different biotechnological applications. 
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INTRODUCTION 
Hyperthermophilic bacteria are Gram-

positive rods with spore former, usually 
motile with peritrichious flagella, aerobic, 
catalase positive and grow above 60ºC Akel 
et al, (2009). Protease enzymes have been 
isolated and purified from various sources 
including, animals, plants, bacteria, fungi 
and viruses Patel et al., 2005. 
Microorganisms constitute the largest source 
of proteases including both intracellular and 
extracellular proteases Tari et al., (2006). 

Traditional methods for microbial 
identification require the recognition of 
differences in growth; enzymatic activity, 
morphological and biochemical 
characteristics. Full and partial 16SrRNA 
gene sequencing methods have emerged as 
useful tool for identifying aberrant bacteria 
Petit and Vendeamin, (2005). 

Thermostable protease enzymes are 
useful for numerous industrial processes by 
increasing the rate of reaction, giving a 
longer half-life to the enzyme and inhibiting 
microbial growth which decrease the 

possibility of microbial contamination Rao et 
al., (1998) . 

Proteases can be classified as serine 
protease (EC3.4.21), cysteine (thiol) 
protease (EC3.4.22), aspartic protease 
(EC3.4.23) and metallo protease (EC3.4.24) 
constitute one of the most important groups 
of industrial enzymes Adinarayana et al., 
(2003). 

The application of proteases is highly 
exploited in food, leather, detergent and 
meat tenderization industries. Proteases are 
also important tools in studying the structure 
of protein and peptides. They can hydrolyze 
proteins to short peptides or free amino 
acids (Kannan , 2002). 

Extracellular protease absorbs and 
utilizes hydrolytic products from 
proteinaceous substrates Gupta et al., 2002. 
Besides that they are also used in 
pharmaceutical; medical diagnostics; waste 
management, lens cleaning, decomposition 
of gelatin on X-ray; silver recovery 
.furthermore ,they are being used  textiles as 
a non-hazardous and bio-alternative; easy 
control, speed and waste reduction, thus 
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being eco-friendly  Khan 2013; Pawaw et al., 
2009 and Sathiya (2013). This investigation 
aims to isolate thermophilic bacteria from 
different regions in Egypt; identifing these 
isolates by studying their biochemical 
properties 16SrRNA sequencing and 
studying the stability of the thermostable 
protease under some environmental 
stresses. 

 
MATERIALS AND METHODS 
Microorganisms 

Two samples of water and one sample of 
soil (Red sea and Hamam Freon regions in 
Egypt) were collected to isolate thermophilic 
bacteria which have the ability to produce 
thermostable protease enzymes. Nutrient 
agar medium Shiriling and Gottlieb (1966) 
was used for isolation and enrichment of the 
thermophilic bacteria. 
 
Identification 

Sterilized nutrient agar medium was used 
to isolate thermosatble isolates RSW-8018, 
RSS-8028 and HFW-9081 that used in this 
study, at pH 6.8 and incubated at 80°C and 
90°C respectively for three days. Pure 
isolates were characterized using the criteria 
of Bergey’s Manual of Systematic 
Bacteriology (Brenner et al., 2005). 16S 
rRNA genes of the new isolates were 
amplified using universal16S rRNA Primers 
Bact 27F(5‟-
AGAGTTTGATC(A/C)TGGCTCAG-3‟) and 
Bact1492R (5‟-
TACGG(C/T)TACCTTGTTACGACTT-3‟). 
PCR amplifications were performed on 
Thermal Cycler / PCR Model: A100/A200 
(Hangzhou Long Gene Scientific 
Instruments Co., Ltd) in a final volume of 50 
μl, reaction mixture containing 0.5 μM of 
each primer, 10 mM of an equimolar dNTPs 
mix, 10X PCR buffer supplemented with 20 
mM MgCl2, 1.25 U of Taq DNA polymerase 
and, as template. DNA sequences of 16S 
rDNA were done by Solgent Co., LTD, South 
Korea. Oligo (for primer design) was 
obtained from Gene Bank Database, 
(www.ncbi.nih.nlm.gov). 

The analysis of the sequences and the 
phylogeny tree were done using Blast sites 

and phylogeny.fr site. 
(http://phylogeny.lirmm.fr/phylo_cgi/index.cgi). 

 
Extraction of thermosatble 
proteases enzymes 

The isolates were left to grow in a 
medium containing: yeast extract 0.5% 
(w/v), peptone 1.0% (w/v), glucose 0.5 g/l, 
Na2 HPO4 0.4g/l, Na2 CO3 0.085 g/l, 
ZnSO4 0.02g/l, CaCl2 0.02g/l, MgSO4 
0.02g/l at 50 °C for 50h, centrifuged at 
14000xg for 30 min at 4°C. Enzymes were 
assayed for proteolytic activity in triplicated 
as described by Huang et al., (2006) using 
casein (Hi media India) as a substrate. 

 
Qualitative determination of 
proteases activity by casein 
digestion: 

Strains were inoculated on casein agar 
medium containing casein 2.0%; peptone, 
0.5% and agar 1.5% and then incubated at 
37°C for 24 hours according to Qureshi et 
al., (2011). 

 
Determination of total protein and 
specific activity 

Bacterial total protein was determined by 
using diamond total protein kit using Bovine 
albumin serum was used to calculate 
specific and total protein activity according to 
method of Lowry et al. (1951). 

 
Effect of purification methods on 
the stability of protease activity 

Purification of the crude enzymes was 
done by two steps; First by using saturated 
ammonium sulfate solution (80%) was 
added the supernatant retained as the 
source of extracellular enzyme. After 20 min 
with stirring the precipitated was collected 
and the pellet suspended in minimum 
volume of 50 mM Tris-HCl buffered at pH 
7.2 and dialyzed in the same buffer for 24h 
at 4°C. Second the dialyzed enzymes were 
passed through Sephadex G-100 column 
(Fluke, Switzerland; 1.5cm x 27cm) 
equilibrated with 50 mM Tris- HCl buffer ,pH 
7.2. The flow rate was 0.5 ml min-1 and 3 ml 
fractions were collected for further studies 
Abeer et al., (2014). 
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Effect of temperature 
The thermosatble activity was 

determined by performing the standard 
assay procedure after incubating the 
enzymes at temperatures ranged from 45°C- 
95°C for 10 min. The residual activity was 
done at standard assay conditions Akel et 
al., (2009). 

 
Effect of pH 

The activity of the protease was 
measured at different pH values. The pH 
was adjust the following buffers 50mM 
sodium acetate (pH 3.8-4.8); 50mM sodium 
phosphate (pH 5.0-6.8); Tris-HCl (pH 7.2-
9.0)and 50mM sodium carbonate (pH 9.2-
10.8). The reaction was incubated at 65 °C 
for 10 min and the activity of the enzyme 
was measured according to Akel et al., 
(2009). 
   
Effect of metal ions 

The effect of different metals ions on 
protease activity was determined by the 
addition of the corresponding ions at a 
concentration of 5 mM to the reaction 
mixture and the assay was performed under 
standard conditions. The tested ions were 
included NaCl, CaCl2, MgSO4, FeCl3, 
MnSO4 and CuSO4 according to Akel et al., 
(2009). 

 
Effect of different concentration of 
EDTA 

Purified enzyme preparation was pre 
incubated in 50mM Tris-HCl buffer, pH 7.8 
containing various EDTA concentrations 
(ethylene diamine tetra acetic acid) ranged 
from (0 to 15 mM) in the assay crude and 
pure enzyme activity was measured at 65°C, 
Akel et al., (2009). 

 

RESULTS AND DISCUSSION 
Three isolates RSW-8018, RSS-8028 

and HFW-9081 were isolated. Proteolytic 
activity results in Table (1) presented that 
isolate RSS-8028 gave higher enzyme 
activity (445.4U/ml) than both isolates RSW-
8018 and HF-9081 which gave 363.4U/ml 
and 236.4U/ml respectively. The assay 
showed hydrolysis of the substrates as 
indicated by no precipitate forming. There 
was hydrolysis of the casein protease 
substrates to produce tyrosine. 

 
Morphological and physiological 
characteristics 

Identification of the three thermophilic 
isolates RSW -8018, RSS -8028 and HFW -
9081promising for thermostable proteases 
production was carried out based on cell 
morphology, endospores formation, motility, 
growth characteristics and several 
biochemical tests. Cultural characterizations 
of isolates which showed single white or 
creamy colony, they are characteristically 
large and vary in shape from circular to 
irregular, with entire to undulate, crenate or 
fimbriate edges; they have mat or granular 
texture sometimes smooth and moist 
colonies Fig. (1). Cells showed different 
shapes rod-shape cells , long chain , 
endospore-forming chain, ellipsoidal, central 
and subterminal spores not swelling the 
sporangia Fig (1a,b) with isolates RRS-8028 
and RSW-8018 while isolate HFW-9081 the 
spores were terminal , subterminal spores 
swelling sporangia Fig (1c). Morphological 
and biochemical characteristics were carried 
out according to Bergey᾿s manual of 
systematic bacteriology (Brenner et al., 
2005) and are summarized in Table (2). 
Bacteria under investigation grow aerobically 
at 37°C and can tolerate to grow at 80-90°C. 

 

Table (1): Activity of isolated thermophilic bacteria. 
No. 

 
Isolate Code Source Activity at 660 

(U/ml) 

1 RSW -8018 Red sea water 363.4 

2 RSS -8028 Red sea soil 445.4 

3 HFW -9081 Hamam fareon 236.4 
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                            (B) RSW-8018                                                                              (A)RSS-8028 
 
 
 
  
 
 
 
 
 
 
 

(C) HFW-9081 
 

Fig (1): Cultural characterization of the  (a, b, c) Isolated thermophilic bacteria staining by 
Gram stain. 

 
Table (2): Morphological and biochemical characteristics.  

HFW-9081 RSS-8028 RSW-8018 Isolate code  
Characterization  

Bacilli rod-shape long or short  Cell morphology  
+ + + Gram stain  

white to creamy  Pigmented colonies  
+ + + Motility  
+ + + Aerobic growth  
- - - Anaerobic growth  
+ + + Catalase test  
+ + + Acid from D-Glucose  
+ + + Hydrolysis of casein  
- - + Hydrolysis of starch  

Salinity tolerance:  
+ + + NaCl 5%  
+ + + NaCl 10%  
- - + NaCl 20%  
- + + Growth at pH 5  
+ + + Growth at pH 7  
+ + + Growth at pH 9  
+ 

with swelling the 
sporangia 

+ 
not swelling the 

sporangia 

+ 
not swelling the 

sporangia 

Spore forming  
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Genetic identification by 16S rRNA  
Identification of isolates by 
16srRNA sequencing  

Amplified fragments were sequenced and 
total of about 1.3 kb (nucleotide) sequences 
were determined. BLAST program was used 
for the analysis of the sequence and the 
homology search showed that   the isolates 
HFW-9081, RSW-8018 and RSS-8028 are 
relatively close to the bacterial strains A. 
faecalis, B amyloliquefaciens and B. cereus 
respectively as shown in Table (3). The 
biochemical and molecular identification 
results of the three Egyptian bacterial 
isolates showed that they are 98%  similarity 
ratios  with the B. amyloliquefaciens and B. 
cereus and 99% with A. faecalis which was 
confirmed by the genetic tree in Figure ( 3 ). 

 
Determination of protease activity  

The new three promising bacterial strains 
that producing thermostable protease were 
subjected to a screening program in order to 
evaluate their proteolytic activities by 
measuring the hydrolysis of casein. The 
capability of hydrolysis and digestion of 
casein agar by forming clear zone were 
done by spotting with 10 μl culture and 
incubation for 24 hours at 30◦c. Results in 
Table (4) showed that the widest zone 
diameter (3.5, 3.5 and 2.5 cm) were 
obtained for RSW-2018, RSS- 8028 and 
HFW- 9081therfor they were able to produce 
protease enzyme.  

 
Effect of different methods of 
purification on the stability of 
protease activity  

Purification   steps   were   done   by  two  

methods and indicated in Tables (5, 6 and 
7). It appears from the obtained data that all 
the purified enzymes are predominantly 
endopeptidases as they hydrolyzed larger 
proteins such as casein and bovine serum 
albumin. Ammonium sulphate and 
Sephadex methods were enhanced the yield 
activity % of strain HFW-9081 (125 
and121%) with specific activity 458.9 and 
590 in comparison with cell free supernatant 
(100%) and 328.3. strains RSS-8028  
showed that yield activity was partially 
affected by using Ammonium sulphate and 
Sephadex which gave 87.6 and 73.2% 
respectively mean while specific activity was 
higher (325.3 and 362.6) than crude enzyme 
(296.9). Yield activity of RSW-8018 was 70.5 
and 42.2% while specific activity was 189.9 
and 191.7 with Ammonium sulphate and 
Sephadex respectively. 

 
Effect of temperature on stability of 
protease activity 

Results demonstrated that the optimum 
temperature for protease activity was 65 ºC 
where it reached up to 100 % of relative 
activity with all strains. Exhibited maximum 
activities at 65°C were gradually decreased 
up to 95°. The results showed that 
proteases have good stability between 45 
and 65°C. Protease still had about (66 %) 
activity produced by RSS-8028 at 75°C 
While 60 and 50 % with strains RSS-8018 
and HF-9081. So the protease can be 
classified as thermophilic. Data showed that 
the protease activity was affected markedly 
by the temperature and the enzyme activity 
decreased and reached 49, 46 and 26% at 
95 °C for the three tested strains (Figure 4). 

 
Table (3): Gene sequencing (16S) rRNA of the three Egyptian bacterial isolate. 

Closely related species accessed from Gene Bank  
 

Number of 
bases with 
primers  

Samples  
 

Similarity  
 

Accession 
no.  

Strain 
no.  

Identification  
 

1492R  
 

27F  
 

98%  KC692163  ML361  Bacillus amyloliquefaciens  1228  1243  RSW-8018  

98%  HQ833026  JY9  Bacillus cereus  1177  1250  RSS-8028  

99%  KJ437487  VIT-RAS  faecalis Alcaligenes  1248  1258  HFW-9081  
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Fig (3): Phylogenetic tree of the three Egyptian bacterial isolates and the most nearest 

relative standerd strains. 
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Table (4): Protease activity as reflected by Clear zone diameter. 
Clear zone diameter (cm) Crude protease activity 

U/ml 
Isolates code  

3.5 363.4 RSW- 8018  
Bacillus amyloliquefaciens  

3.5 445.4 RSS - 8028  
Bacillus cereus  

2.5 236.4 HF - 9081  
Alcaligenes faecalis  

 
Table (5): Purification of proteases produced by RSW-8018 Bacillus cereus. 

Purification 
Steps 

Total 
Protein 

 

Enzyme 
activity 

(U ml-1) 

Total 
enzyme 
activity (U) 

Specific 
activity 

Purification 
fold 

Yield (%) 

Cell free 
supernatant 

2.0 1.011 
 

363.4 181.7 1 100 

Ammonium 
sulfate (80%) 

1.35 0.904 256.4 189.9 1.04 70.5 

Sephadex G-
100 

0.8 0.801 153.4 191.7 1.1 42.2 

 
Table (6): Purification of proteases produced by Bacillus amyloliquefaciens . 

Purification 
Steps 

Total 
Protein 

 

Enzyme 
activity 

(U ml-1) 

Total 
enzyme 
activity (U) 

Specific 
activity 

Purification 
fold 

Yield (%) 

Cell free 
supernatant 

1.5 
 

1.093 
 

445.4 
 

296.9 
 

1 100 

Ammonium 
sulfate 
(80%) 

1.2 1.038 390.4 325.3 1.09 87.6 

Sephadex 
G-100 

0.9 0.975 
 

326.4 
 

362.6 1.2 73.2 

 
Table (7): Purification of proteases produced by Alcaligenes faecalis. 

Purification 
Steps 

Total 
Protein 

 

Enzyme 
activity 

(U ml-1) 

Total 
enzyme 
activity 

(U) 

Specific 
activity 

Purification 
fold 

Yield (%) 

Cell free 
supernatant 

0.72 0.884 
 
 

236.4 
 
 

328.3 
 
 

1 100 

Ammonium 
sulfate (80%) 

0.624 0.934 286.4 458.9 1.3 121 

Sephadex G-
100 

0.504 0.945 
 

 

297.4 
 
 

590 1.7 125 

۷ 
 



 
 
 
 
EL-Eskafy, et al., 

Effect of temp

0
20

40
60
80

100
120

45◦c 55◦c 65◦c 75◦c 85◦c 95◦c

temp

re
la

tiv
e 

ac
tiv

ity

Relative activity RSW (%) Relative activit  HF  (%) Relative activity RSS (%)
 

Fig (4): Effect of temperature on activity of protease activity. 
 

Effect of pH-values on activity of 
protease enzyme  

The effect of pH on protease activity and 
stability for the three studied strains was 
measured at different pH values 3.5, 5, 6, 7, 
8 and 9. Maximum enzyme activity was 
observed at optimum pH 7 for all strains. 
The majority of microorganisms producing 
alkaline proteases show optimum growth 
and enzyme production under alkaline 
conditions (Tsujibo et al.,1990; Dunaevsky 
et al., 1996). The enzyme activity was 
greatly affected by the hydrogen ion 
concentration as mentioned in Figure (5) 
which showed that the protease remained 
active between pH 6 and 7 with maximum 
activity at pH 7 (100%). The activity of the 
protease began to decrease sharply at pH 
values between pH 8 (35, 30 and 3 % ) and 
pH 9 then reached to zero level with strain 
RSS-8028. Similar results were obtained for 
the optimum pH for proteases enzymatic 
activity of other Bacillus species: pH 7.5 for 
Bacillus subtilis ITBCCB 148 (Akel et 
al.,2009), Bacillus sp. HS08 (Huang et al., 
2006) and Bacillus sp. S17110  pH 8.0 for 
Bacillus cereus KCTC 3674 (Kim et al., 
2001), Thermophilic Bacillus SMIA2 
(Nascimento andbMartins, 2004) and 
Bacillus cereus BG1 (Ghorbel-Frikha et al., 
2005). Results presented in this work 
indicated that extracellular proteases 
produced by Bacillus amyloliquefaciens, 

Bacillus cereus and Alcaligenes faecalis can 
be separated into neutral protease. 

 
Effect of various metal ions on 
activity of protease enzyme  

Results in Fig (6) showed that generally 
all ions tested decreased the activity than 
control values. The most affected proteases 
activity was with the strain RSS-8028 in 
presence of Mn and Fe and RSw-8018 in 
presence of Na and Cu. Variations of 
protease activity is very clear between  
same types of ions and between different 
ions for the same strain. Nascimento and 
Martins (2004) reported that protease 
produced by Bacillus spp. was enhanced by 
metal ions protected the enzyme from 
thermal denaturation and maintained its 
active conformation at the high temperature.  

 
Effect of different concentrations 
of EDTA on activity of protease 
enzyme  

Results presented in Fig (7) show that 
the chelating agent as EDTA affect the 
purified protease activity. The relative 
activity was around to 100% for (0) mM 
EDTA with all strains and total protease 
activity was retained up to 98.5% in the 
presence of 5mM of EDTA with strain HF-
9081. Our results indicated that the 
presence of EDTA had inhibitory effect on 
protease activity (Fig. 7 ). But the enzyme 
activity retained 50% activity in the presence 
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of 5 mM EDTA, with strain HFW-9081 
indicating no requirement for metal cofactor. 
The stability of the enzyme in presence of 
EDTA is advantageous for use of enzyme as 
detergent additive. This may be due to the 
detergents that contain high amount of 

chelating agents which function as water 
softeners and also was useed in stain 
removal. These agents specifically bind to 
and chelate metal ions making them 
unavailable in the detergent solution as 
(Akel et al, 2009) mentioned. 
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Fig (5) Effect of pH-values on activity of protease.  
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Fig (6): Effect of various metal ions on activity of protease. 
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Fig (7): Effect of different concentrations of EDTA on protease activity. 
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 ةلانزیم البروتیاز متحمل الحرار  ةكمنتج ةللحرار  ةمحب ةجدید ةمصری ةسلالات بكتیری
            

 حنفى حمزه ،راتب عباس  ،مروا صلاح  ،عابدین الزناتى  ،حسناء الاسكافى 
 مصر -السادات مدینة جامعة الحیویة والتكنولوجیا الوراثیة الهندسة بمعهد المیكروبیة البیوتكنولوجیا قسم

 الملخص العربى
 ةعلــى النمــو فــى درجــات الحــرار  ةفــى مصــر لهــا القــدر  ةمــن منــاطق مختلفــ ةتــم اســتخدام ثــلاث عــزلات میكروبیــ

 على انتاج البروتیز  ةمئویه ولها القدر  ةدرج ٩٠التى تصل الى  ةالمرتفع
 ةلصـبغ ةلعـزلات موجبـن اأظهـر التوصـیف المورفولـوجى أتم توصیف السلالات مورفولوجیا وجزیئیا وكیموحیویا و 

 نزیمــى البروتیــز واللاكتیــز.تم توصــیف الجــزئ بتحدیــدلإ ةوموجبــ ةعلــى تكــوین جــراثیم داخلیــ ةلهــا قــدر -ةهوائیــ-الجــرام
لـى إن العزلات تنتمـى أثبتت أه المواصفات ذه rRNAحمض الریبوسوم النووى  16Sالازودیه لجین  توالیات القواعد

 جنس الباسلس .
 ةدرجـــ ، ةالحـــرار  ةه العـــزلات مثـــل درجـــذنـــزیم البروتیـــز النـــاتج مـــن هـــإعلـــى نشـــاط  ةمـــؤثر تـــم دراســـه عـــده عوامـــل 

ن ألــى إلك الایــدیتا . تــم التوصــل ذمنجنیــز حدیــد وكــ –نحــاس  -صــودیوم –یونــات  المعــادن الكالســیوم أ، ةالحموضــ
 ةودرجــ ةمئویــ ةدرجــ ٦٥ ةحــرار  ةمـن نمــو العــزلات علــى درجــ ةســاع ٤٨بعــد  ةعلــى قیمــألــى إنـزیم الخــارجى یصــل الإ

  .یونات الصودیوم والنحاس والمنجنیز والایدیتاألى حد ما فى وجود إنزیم بینما ثبط نشاط الإ ٧ ةحموض
 .ةنزیم فى التطبیقات الحیویوعلیه یمكن استخدام الإ
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