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Abstract: Thermophilic bacteria have gained worldwide importance because of their ability to produce
thermostable enzymes that have pharmaceutical and industries applications. A large proportion of commercially
available proteases derived from Bacillus sp. because of its ability to secrete large amounts of protease, having
significant proteolytic activity and stability. The present work aimed to study the purification and
characterization of protease enzyme produced by Bacillus subtilis G15/10 isolated from hot spring at Al-Laith
area, Saudi Arabia. The obtained results revealed that the purified protease had a single band with a relative
molecular mass of 45 kilodalton. Also, the purified enzyme recorded high activity up to temperature 70°C, pH
up to 9 and NaCl (1 M). Results also showed that K  and V  values for the purified enzyme were 21.44 % andm max

42.016 U/ml, respectively. In addition, it was found that both EDTA and NiSO  inactivate the protease activity4

while CaCl , CuSO , ZnSO , FeCl , MnSO , MgCl  and BaCl  stimulated the protease activity.2 4 4 2 4 2 2

Key words: Thermophilic Bacteria  Enzyme Purification  Thermostable Enzymes

INTRODUCTION ability to produce thermostable enzymes that have

Ten geothermal springs are located in Saudi Arabia. proteases have been widely used in different
Six of these springs are located in Gizan and the remaining biotechnological applications such as antifouling
four are located in Al-Laith area [1]. The microbial coatings [10] and fish sauce preparation [11]. Alkaline
diversity in the environment is influenced by both proteases hold a major share of the enzyme market with
environmental factors, such as the nature of the organic 2/3 shares in detergent industry alone [12].
substrates, nutrients and water chemistry and by The biotechnological properties of the thermal
biological factors [2-4]. bacteria  were  proved  by  many  scientists  [13].

Thermophiles and hyperthermophiles bacteria were Therefore, the production of enzymes by thermophilic
isolated and identified from hot spring and their biological bacteria such as bacilli will add advantageous in some
activity of thermostable enzymes was evaluated [5]. applications as result of thermostable properties.
Several studies indicated that the geothermal systems are Thermostable proteases represent a good example
populated by thermophilic bacteria and Archaea [5-7]. because higher temperatures can be used in some

Bacteria that mostly inhabit hot springs, live and industrial processing [14-16].
survive in temperatures above 70°C are defined as A large proportion of commercially available alkaline
thermophilic bacteria because of growth at high proteases are derived from Bacillus strain because of its
temperatures and unique macromolecular properties. ability to secrete large amounts of alkaline protease,
These thermophiles can possess high metabolism, having significant proteolytic activity and stability at high
physically and chemically stable enzymes with lower pH and temperatures [3, 17].
growth but higher end product yields than similar Use of crude enzymes is preferred over purified
mesophilic species [2, 8]. enzymes in industrial applications. This is to avoid the

It is well known that thermophilic microorganisms cost of purification and make the processes commercially
have gained world-wide importance as a result of their viable [18].

pharmaceutical and industries applications [9]. The crude
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The present work aimed to study the purification and the precipitate was collected using centrifugation at 8000
characterization of protease enzyme produced by Bacillus rpm and the pellet was resuspended in a minimum volume
subtilis strain isolated from hot spring at Al-Laith area, of 0.2 M phosphate buffer at pH 7.5. The resulting
Saudi Arabia. supernatant was brought to definite concentration

MATERIALS AND METHODS centrifugation was done and the obtained precipitate was

BacterialStrain, Culture Media and Growth Conditions: ammonium sulphate fraction as well as the free-cell extract
Bacillus subtilis G15/10 strain was isolated from hot (control), the total enzyme (µ), total protein content (mg)
springs  at  Al-Laith  area,  Saudi  Arabia   and  identified and specific activity (µ/mg) were measured to determine
as  a  producer  of extracellular protease according to the best ammonium sulphate concentration for
Salem et al. [3]. precipitation of protease enzyme. The best fractions were

2% (v/v) overnight bacterial cultures of Bacillus dialyzed overnight in the same buffer. The dialysate was
subtilis G15/10 were inoculated in growth medium then centrifuged at 8000 rpm for 20 minutes to remove the
containing (g/L) glucose, 10.0; yeast extract, 10.0; precipitate and the supernatant was used in the
MgSO .7H O, 1.0; KH PO , 5.0; and FeSO .7H O, 1.0, pH subsequent steps [21].4 2 2 4 4 2

7.0 and were cultured in a rotary shaker (180 rpm) at 50°C
for 48h. After the completion of fermentation, the whole IonExchange Chromatography on DEAE-Sepharose: The
fermentation broth was centrifuged at 10, 000 rpm for dialyzed supernatant was applied to DEAE- Sepharose
10min. and the clear supernatant was used to the further column (1.5 × 25 cm) previously equilibrated with
studies. phosphate buffer 0.2 M (pH 7.5). The unbound proteins

Assay of Total Protein Content: The determination of adsorbed proteins were eluted with a stepwise NaCl
protein concentration was achieved according to Bradford gradient ranging from 0.0 to 0.5 M in 0.2M phosphate
[19], by using bovine serum albumin (BSA) as a standard. buffer (pH 7.5) at a flow rate of 0.6 mL min . Five ml

Assay of Proteolytic Activity: Protease activity was and protease activity. The peak with the highest protease
assayed using casein as a substrate according to the activity was dialyzed against 0.2 M phosphate buffer (pH
modified method of Saleem et al. [20]. The reaction mixture 7.5) and concentrated by dialysis against solid sucrose.
contained 500 µl of 1% casein solution in 0.05 M Tris–HCl The protease activity and protein concentration were
buffer (pH 7.5) and 500 µl of suitably diluted enzyme. Test measured and the specific activity was calculated [22].
tube containing the reaction mixture was incubated at
50°C for 10 min. Reaction was stopped by adding 2 ml of Gel Filtration by Sephadex G-100: The concentrated
10% trichloroacetic acid (TCA) and incubated on ice for dialyzed active fractions of enzyme from DEAE-
10 min. The supernatant was separated by centrifuging at Sepharose column were loaded on Sephadex G-100
12, 000 rpm for 10 minute and used for determining column (2.5 x 50 cm) previously equilibrated with 0.2 M
tyrosine concentration at 280 nm using phosphate buffer pH 7.5. The protein was eluted with the
spectrophotometer. One unit of protease activity is same buffer at a flow rate of 0.7 ml min . Five ml fractions
defined as the amount of enzyme that releases one were collected and the protease activity and protein
micromole of tyrosine per minute under the assay concentration were measured and the specific activity was
conditions. calculated [22].

Purification of Protease Enzyme: The grown bacteria Determination of Molecular Mass: The purity and the
were centrifuged at 8000 rpm for 30 min and the molecular weight of protease enzyme were determined by
supernatant was retained as the source of extracellular using sodium dodecyl sulphate polyacrylamide gel
protease. The purification steps were carried out at 25 °C. electrophoresis  (SDS-PAGE).  Electrophoretic analysis

Precipitation of Crude Enzyme: The supernatant was (Bio Rad, USA). It was carried out with 12 % SDS-PAGE
precipitated with ammonium sulfate which was added at as  described  by  Blackshear  [23],  in  the   presence  of
wide range of concentration from 10 to 90 %. After 20 min, 0.1 %  sodium  dodecyl  sulphate  at   pH   8.8    and  1 mM

saturation with ammonium sulphate. Further

dissolved in 10 ml phosphate buffer (pH 7.5). With each

were washed out using the same buffer, while the

1

fractions were collected and analyzed for protein content

1

was  performed  in  the  Mini-  Protein II Dual-Slab Cell
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dithiothreitol. Gel and gel buffers were prepared as Determination of K  and V  Values: The kinetic
described by Laemmli [24]. Gel was stained for showing
the formed bands clearly by Coomassie Blue dye as
described by Fairbanks et al. [25]. Prestained Protein
Ladder was used as a standard protein marker with 13
major bands resolved in polyacrylamide gel.

Effect of pH-Values on Protease Activity: The activity of
the purified enzyme was measured at different pH values.
The pH was adjusted using the following buffers: 0.2 M
acetate buffer (pH 3-4), 0.2 M phosphate buffer (pH 5-8)
and 0.2 M Glycine NaOH buffer (pH 9-10). The reactions
were incubated at 50°C for 10 min and the activity of the
enzyme was measured [26].

Effect of Temperature on Protease Activity: The effect of
temperature on the enzyme activity was determined at
temperatures ranged from 20° to 100°C for 10 min. The
enzyme activity was then assayed at each temperature to
define the protease optimal temperature [26].

Effect of Temperature on Protease Stability: Aliquots of
enzyme extract were heat treated for 15, 30, 45 and 60 min
in water baths set at different temperatures ranging from
30 to 100 °C followed by rapid cooling to 37 °C and
analyzed immediately for residual enzyme activity.

Effect of Various Metal Ions on Protease Activity: The
effect of different metal ions on enzyme activity was
determined by the addition of the corresponding ion at a
concentration of 5.0 mM to the reaction mixture and the
assay was performed under standard conditions. The
tested ions included the following corresponding salts:
FeCl •6H O, MnSo •H O, ZnSo •7H O, CuSO •5H O,2 2 4 2 4 2 4 2

MgSO •7H O, MgCl •6H O BaCl •2H O, CaCl .2H O and4 2 2 2 2 2 2 2

Ni SO  [26].4

Effect of Sodium Chloride on the Purified Protease
Activity: The presence of various concentrations of NaCl
ranged from 0-7 M effect on purified protease activity was
studied. The activity was measured under standard assay
condition and the relative activity was calculated as the
percentage of activity remaining after incubation with
various concentrations of NaCl.

Effect of Different Concentrations of EDTA on Enzyme
Activity: Purified enzyme preparation was pre-incubated
in 50 mM Tris-HCl buffer, pH 7.8 containing various
EDTA concentrations ranged from 0 to 20 mM in the
assay  mixture  and activity of the pure enzyme were
measured at 65°C [26].

m max

parameters, K  and V , of the purified protease werem max

determined by measuring of the enzyme activity at
different concentrations of the casein substrate (from 0 to
3.2 %). The kinetic parameters (K  and V ) values werem max

determined using Michaelis-menton equation through
nonlinear regression analysis using the program enzyme
kinetics module 1.3 in Sigma plot - 10.0.

RESULTS AND DISCUSSION

The  purification  of  protease from the isolate
Bacillus subtilis G15/10 was achieved by ammonium
sulphate precipitation followed by ion exchange
chromatography on DEAE sepharose and then on
Sephadex G-100 gel filtration chromatography.
Fractionation by ammonium sulfate precipitation was
conducted to detect the saturation rang at which most
protease enzyme could be precipitated by using different
concentration of ammonium sulfate. The results revealed
that the saturation range of 60-80% gave the highest
protease activity (1.64-1.75 unit/ml) which selected for
further steps in the purification of protease.

The ion exchange chromatography on DEAE
sepharose gave increase in specific activity by 2.82 fold
increase of specific activity. At the end of purification
steps, the enzyme was purified by 8.89 fold and its yield
reached 30.87% (Table 1). Similar purification procedures
of protease from Pseudomonas sp. resulted in about 22.5
fold and yield reached 51.4% [27].

Determination of Molecular Mass: Analysis of the
purified enzyme by SDS-PAGA appeared a single band
with  molecular  mass  of  45.0 kilodalton (kDa) (Fig. 1).
The single band on the SDS–PAGE in both reducing and
non-reducing conditions indicated that the protease
secreted by the Bacillus subtilis G15/10 strain was made
up  of  single  polypeptide  chain.  Results obtained by
Zhu et al. [28] revealed that purified protease enzyme
appeared as a single band on SDS-PAGE corresponding
to a molecular mass of 56.5 kDa.

Different molecular mass of protease from other
Bacillus species had been reported 30.9 kDa from
thermophilic  Bacillus  strain  [29];  27.0  kDa  from
Bacillus megaterium [30]; 75.0 kDa from Bacillus sp.
S17110  [31];  34.0 kDa from Bacillus thuringiemis [32];
38.0 kDa from Bacillus cereus KCTC 2674 [33]; 15kDa
from Bacillus subtilis PE-11 [34]; 34.0 kDa from Bacillus
cereus BG1 [35] and 49.0 kDa from Bacillus strain
HUTBS71 [36].
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Table 1: Protease purification procedure steps produced by Bacillus subtilis G15/10.
Procedure steps Volume (ml) Protease activity (Units) Protein (mg) Specific Activity Total activity Recovery (%) Purification factor
Crude culture filtrate supernatant 100 0.839 5.91 0.142 83.9 100 1
Ammonium sulphate 60-80% 10 2.87 6.04 0.475 28.7 34.21 3.34
DEAE-Sepharose 10 1.67 4.17 0.400 16.7 19.90 2.82
Sephadex G -100 50 0.518 0.41 1.263 25.9 30.87 8.89

Fig. 1: Sodium dodecyl sulfate polyacrylamide gel proteolytic enzymes. Due to their specificity, inhibitors
electrophoresis (SDS-PAGE) analysis of Bacillus and chelators can also add in the characterization of novel
subtilis G15/10 purified protease (M): molecular proteases by examining hydrolysis rates of a protease in
weight standard markers, (1): protease enzyme their presence [42]. The effect of various metal ions and
under reducing conditions, (2): protease enzyme inhibitors on protease activity was studied under
under non-reducing conditions standard assay conditions and the relative activity was

Effect of pH: In order to check the optimal pH of the incubation with various reagents (Fig. 5). Although
enzymatic activity, the protease activity of the purified MgSO  did not affect the protease activity, NiSO
enzyme was measured at a broad pH range of the inactivated the protease activity. However, the other
incubation buffer. The results showed that, while the tested reagent increased the enzyme activity. Data also
optimum pH was 6.5 however, the protease recorded revealed that the protease activity was stimulated by
proportional high activity up to pH 9.5 (Fig. 2). The CaCl  caused high value of the protease activity (>200%)
enzyme lost its activity at the acidic pH range (3-4) While, followed by Cu SO , ZnSO , FeCl , MnSO , MgCl  and
the pH values increased to reach the maximum value at BaCl , respectively. This finding is in line with earlier
slightly acidic pH (5-6.5) where, pH 6.5 represents the reports showing that protease activity was stimulated by
optimum pH for the enzyme activity. Similar results were Mn  and Ca  [14, 43-45].
found by Wang et al. [27]. On the other hand, the Metal ions are known to play a role as cofactors for
optimum pH ranges were reported to be suitable for enzyme activities and often act as salt or ion bridges
maximum protease production recorded pH 6.8 [37]; pH 8.0 between two adjacent amino acid residues. Ca and Mn
[38]; pH 8.5 [39] and pH 11.0 [40]. are found to have activating effect. Enzyme activity

Effect of Temperature on Protease Enzyme Activity and compared with control, respectively [44]. Li  had low
Stability: The effect of temperature on protease activity effect on protease activity. Similarly, some investigators
was illustrated in Fig. 3. The results indicated that, while has also been reported that protease activity was
the  optimum  temperature  for  the purified protease was stimulated by Mn  and Ca  [14, 43]. But, the activity was
40 °C, the protease recorded proportional high activity at reduced in the presence of Mn  and Ca  [46-49] and
temperature range between 30 and 70°C. Concerning the increased by Zn  and Ba  [43].

effect of temperature on protease stability, the purified
enzyme was thermally stable, since no loss of enzymatic
activities were recorded up to 50 °C, whereas the
enzymatic  activities  were gradually decreased at 60 °C.
On the other hand, a complete loss of activities was
detected above 90 °C (Fig. 4). In this concern Zhu et al.
[28], reported that purified protease from a thermophilic
Geobacillus sp. isolated from a hot spring was stable for
10.0 h  at  65 °C.  Also,  protease from thermophilic
Bacillus strain appeared high stable relative activity
(90%) at 50 °C for 2h [37]. Other optimum temperatures for
protease production by Bacillus species were 65°C [41]
and 70°C [33].

Effect of Various Metal Ions: Inhibitors and metal
chelators can reduce the hydrolysis of a substrate by

calculated as the percentage of activity remaining after

4 4

2

4 4 2 4 2

2

2+ 2+

2+ 2+

increased 28, 26% in the presence of Mn  and Ca  as2+ 2+

2+

2+ 2+

2+ 2+
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Fig. 2: Effect of different pH on purified protease activity

Fig. 3: Effect of different temperatures on purified protease activity

Fig. 4: Effect of different temperatures on purified protease stability

Effect of Sodium Chloride on the Purified Protease 1 M. The relative activity of protease produced by strain
Activity: Data presented in Fig. 6 show the activity of Bacillus subtilis G15/10 increased with the addition of 1M
protease with different concentrations of sodium chloride sodium chloride to 180 % and above this concentration,
where, the optimum NaCl concentration was found to be the activity of enzyme decreased.
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Fig. 5: Effect of various metal ions on purified protease activity

Fig. 6: Effect of different sodium chloride concentrations on the purified protease activity

Fig. 7: Effect of different EDTA concentrations on protease activity

Other reports indicated that the protease exhibited Effect of Different Concentrations of EDTA on Protease
optimum NaCl concentration is 3mol/L. The protease Activity: The effect of EDTA on the purified protease was
could keep high activity and stability in high salt illustrated in Fig.7. The result showed that the protease
environment and had potential application value [50]. activity decreased when the EDTA concentration is

The partially purified enzyme exhibited its optimal augmented. Activity was inhibited 50 % when incubated
activity at 60°C, pH 9 and 0.1M NaCl with a high tolerance with 5 mM EDTA, 75 % when incubated with 10 mM
to salt concentrations up to 5M. The enzyme maintained EDTA, 88 % when incubated with 15 mM EDTA and by
about 45.7 and 12.82 % of its activity at pH values 5 and 90 % when incubated with 20 mM EDTA. Taguchi et al.
13 respectively. The protease was identified as a non- [52] found that the extracellular proteolytic enzyme,
metalloprotease, which did not inhibited by EDTA-Na thermolysin, purified from the thermophilic B.
[51]. thermoproteolyticus was inactivated by EDTA.
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Fig. 8: Determination of Km and Vmax values of protease enzyme Lineweaver-Burk plot for protease enzyme with
different concentrations of casein as the substrate using the standard conditions. Each point represents the
average of two experiments

Determination of Km and Vmax Values: The 2. Liu, B., F. Zhou, S. Wu, Y. Xu and X. Zhang, 2009.
determination of K  and V  for the casein substrate was Genomic and proteomic characterization of am max

performed by Lineweaver-Burk plot. The K and V thermophilic Geobacillus bacteriophage GBSV1. Res.m max

values were found to be 21.44 %, 42.016 U/ml for the Microbiol., 160: 166-171.
purified enzyme (Fig. 8). Different values of K and V of 3. Salem, M.M.E., A.M. Ayesh, M.N.E. Gomaa andm max

protease  enzyme  produced by several microorganisms A.M. Abouwarda, 2016. Isolation and Identification
were recorded. Femi-ola and Oladokun [53] reported the of Thermophilic Bacteria from Al-Laith Hot Springs
maximum velocity Vmax and Michalis constant K  of the and Detection of Their Ability to Produce Proteasem

protease produced during the hydrolysis of casein were Enzyme. In the 3rd International Conference on
66.66 U/mg protein and 3.33 mg/ml. The kinetic parameters Biotechnology  Applications  in  Agriculture
of the acid protease from F76 were different from its (ICBAA), Faculty of Agriculture, Benha University
progenitors and the Michaelis constant, maximum April 5-9, 2016 Moshtohor – Sharm El-Sheikh (Egypt),
velocity, were 0.96 mg mL  and 135.14 µmol min  mg, pp: 11-22.1 1

respectively [54]. A new glycosylated protease cleaved 4. Salem, M.M.E., A.M. Ayesh, M.N.E. Gomaa and
fibrinogen with a Michaelis constant, (K ) of 3.3±30 µM; A.M. Abouwarda, 2016. Ecological Studies on Hotm

a maximum velocity (V ) of 400.9 ± 0.85 ng min ; and a Springs of Al-Laith in Saudi Arabia. American -max
1

catalytic efficiency (V /K ) of 121.5 ± ng µM 1 min  [55]. Eurasian J. Agric. & Environ. Sci., 16: 625-634.max m
- 1
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