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Abstract Microbial proteolytic enzyme is one of the most
important industrial enzymes that hydrolyze proteins. The
applications of proteases under harsh industrial conditions
like alkalinity, salinity, and temperature make them inac-
tive and unstable. This suggests need for search for novel
microbial sources for protease production having diverse
properties. For this purpose, 54 bacterial strains were iso-
lated from different salt mines of Karak, Pakistan and were
investigated for their proteolytic activity on skim milk agar
plates. The strain which showed maximum protease activ-
ity was characterized by 16S rRNA gene sequence analy-
sis. Furthermore, growth and protease production was
optimized for the characterized bacteria under different
physical factors, i.e., pH, temperature and salinity. The iso-
late BLK-1.5 exhibited strong protease production and was
identified as Bacillus subtilis based on biochemical char-
acteristics and 16S rRNA gene sequence analysis. Maxi-
mum production of protease was recorded at pH 10, 37 °C
and 7 % (w/v) NaCl. Molecular weight of proteases was
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estimated 38 kDa and its optimum activity was observed
at pH 10, 50 °C and 2 % (w/v) NaCl. In conclusion, the
protease produced by halo-tolerant Bacillus subtilis strain
BLK-1.5 has diverse characteristics and could be useful in
various industrial applications.
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Introduction

Proteases have gained attention from researchers through-
out the world because of their extensive role in analytical,
physiological and industrial applications. Microbial pro-
teases are preferred due to the relative ease of large scale
production of proteases from microbial sources as com-
pared to plant and animal sources and they possess almost
all the characteristics required for their industrial applica-
tions (Beg et al. 2002). Moreover, microbes require mini-
mum space for cultivation, fast growth, higher productiv-
ity with low cost and can be easily genetically manipulated
to produce new enzymes with altered properties (Gupta
et al. 2002; Rao et al. 1998). Microbial proteases are one
of the most important groups of industrial enzymes with
broad application including detergents, cheese making,
waste water management, silver recovery and de-hairing
of leather. The majority of commercial alkaline proteases
are produced by bacteria and a number of Bacillus-derived
alkaline proteases have been purified and characterized
because of their significant proteolytic activity, stabil-
ity and broad substrate specificity (Haddar et al. 2009).
However, these proteases have restricted range of pH,
temperature and ionic strength for their activity and the
use of these enzymes under harsh industrial conditions
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make them unstable and inefficient (Jadhav et al. 2013).
In view of these restrictions, researchers have focused on
isolation and characterization of enzymes from extremo-
philes. As a result of adaptation to extreme environments,
extremophiles have evolved unique properties, which can
potentially serve in a variety of industrial applications
(Margesin and Schinner 2001). Extreme-halophiles have
been proven to be a rich source of biotechnological prod-
ucts such as biopolymers, biosurfactants, anti-tumor drugs,
and enzymes produced by halophilic bacteria (Vijay et al.
2010). Extremozymes, the enzymes isolated from extremo-
philes are now replacing chemical catalysts in many indus-
tries and out of the vast pool of extremozymes, halophilic
proteases are the most widely exploited enzymes in the
processing of food, leather, and detergents. Protease pro-
duction has been shown in some species of halophiles such
as Pseudoalteromonas sp., Halobacterium mediterranei,
Bacillus clausii and other halophilic isolates (Jadhav et al.
2013). In all the cases, the growth and protease production
and its activity were exclusively observed in the presence
of salts.

The remarkable industrial and commercial value of hal-
ophilic proteases and the search for new microbial sources
for these enzymes is of continuous interest. With this in
view, we have isolated a halo-tolerant bacterium (Bacillus
subtilis strain BLK-1.5) from salt mines of Karak, Pakistan.
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Furthermore, we optimized its protease production and sta-
bility under different physical factors like pH, temperature
and salinity.

Materials and methods

Collection of soil samples and isolation of bacterial
isolates

Soil samples were collected from different salt mines and
rocks around salt mines of District Karak, in sterile bot-
tles (Fig. 1). The collected samples were serially diluted
in autoclaved water and 1073, 107%, and 10~° dilutions
were spread over the surface of nutrient agar plates with
5 % (w/v) NaCl and incubated at 37 °C for 48-72 h (Jad-
hav et al. 2013). All the isolated colonies having differ-
ent culture characteristics were sub cultured several times
by repeated streaking at the same condition to get pure
colonies.

Screening of the isolates for extracellular proteases
Fifty-four (54) pure isolates were screened for their proteo-

lytic activities on nutrient agar plates supplemented with
5 % (w/v) NaCl and 1 % (w/v) skim milk. Bacterial isolates
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Fig. 1 Geographical distribution of sampling area according to different locations of salt mines of Karak (blue colored area representing sam-

pling sites)
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were incubated at 37 °C for 48-72 h. Bacterial colonies
which showed clear zone of hydrolysis were considered as
protease producing bacteria. Among all bacteria, the strain
BLK-1.5 exhibited largest zone of hydrolysis which was
then selected for further studies.

Identification of the promising protease producing
bacterial isolate

Morphological and biochemical characteristics of the
selected bacterial isolate (BLK-1.5) was studied and
recorded as per Bergey’s Manual of Systematic Bacteri-
ology (Buchanan and Gibbons 1974. The bacterial iso-
late was further identified through 16S rRNA sequence
analysis. The genomic DNA of the isolate was extracted
as described by Roohi et al. (Roohi et al. 2012). The 16S
rRNA gene of the isolate was amplified using a pair of
oligonucleotide primer 9F (5-GAGTTTGATCCTGGC
TCAG-3') and 1510R (5-GGCTACCTTGTTACGA-3')
(Roohi et al. 2012). The PCR was performed using opti-
mized PCR program,; initial denaturation was carried out at
94 °C for 2 min, annealing temprature was 52 °C for 1 min
and extension was at 72 °C for 2 min. The final extension
was performed at 72 °C for 10 min and the reaction was
repeated for 35 cycles.

The PCR amplified product was sequenced using the
commercial services of MACROGEN, Korea (http://dna.
macrogen.com/eng/). The sequence was BLAST searched
on EZ-Taxon Server to get the exact nomenclature of the
isolate (Chun et al. 2007). Phylogenetic tree was con-
structed with MEGA 6.0 using neighbor-joining method
with a bootstrap value of 1000 (Tamura et al. 2013).

Effect of pH, temperature and salinity on the growth
and protease production

The strain BLK-1.5 was grown in 250 ml pre-sterilized
flasks containing about 50 ml LB culture media with differ-
ent physical factors, i.e., temperature, pH, and salinity. The
effect of pH on bacterial growth and protease production
(ug/ml) was determined by growing the isolate in LB cul-
ture medium with different pH in the range of 7-11. Effect
of temperature was determined by incubating the culture at
different temperatures (20, 30, 37, 45, and 50 °C). Simi-
larly, effect of salinity (NaCl) was determined using differ-
ent concentrations (2, 5, 7, 10, and 12 % (w/v)) of NaCl
in the culture media. After 48 h of incubation the bacterial
growth was estimated by spectrophotometer at 600 nm
(OD) and the production of proteases was measured as per
assay procedure.

Assay was performed as described by Yang and Haung
(1994) with some modifications. The proteolytic activ-
ity of the crude proteases was studied by incubating the

reaction mixture of 500 wl of 2 % (w/v) casein solution
(as a substrate) in phosphate buffer (pH 7.5) with 200 pl
of crude protease at 30 °C for 30 min. The reaction
was then terminated via addition of 3 ml of 10 % (w/v)
trichloroacetic acid (TCA) and kept at room temperature
for about 10 min followed by centrifugation at 17,900 rcf
for 5 min to separate the unreacted casein. The superna-
tant was mixed with 2 ml of 0.4 M Na,CO; and 1 ml of
threefold diluted Follin Ciocalteu’s phenol reagent. The
solution was incubated at room temperature for about
30 min and absorbance of the solution was measured at
660 nm using spectrophotometer. One unit of protease
activity was defined as the amount of enzyme required to
liberate 1 pg of tyrosine per minute per ml under the spe-
cific conditions of assay.

Partial purification of proteases

The crude enzyme preparation was subjected to ammonium
sulfate precipitation, and the harvested culture was centri-
fuged at 10,600 rcf for 30 min at 4 °C. Ammonium sulfate
was added slowly to the cell-free culture at 70 % satura-
tion to precipitate the protease with continuous shaking.
The precipitated protease was separated by centrifugation
at 10,600 rcf for 30 min and the resultant pellet was dis-
solved in 0.5 nmol/L phosphate buffer pH 7 and was used
for further characterizations (Suganthi et al. 2013).

SDS-PAGE (Sodium Dodecyl Polyacrylamide Gel
Electrophoresis)

The purity and molecular weight of the protease was esti-
mated using 12 % SDS-PAGE under reducing conditions
as described by Laemmli (1970). The partially purified pro-
tease enzyme was mixed with loading dye (0.5 M Tris—HCl
pH 8.0, 6 % (w/v) 2-B-marcaptoethanol, 10 % (v/v) Glyc-
erol, 6 % (w/v) SDS and 0.3 % (v/v) Bromophenol blue)
and heated in water bath for 5 min before use. Protease
enzyme was run with Thermo Scientific PageRuler Pre-
stained Protein Ladder (10-170 kDa) at 120 V for 2-2.5 h.
After completion of electrophoresis, the gel was stained
with Coomessie Brilliant Blue for 30 min following de-
stained for about 2.5 h. The picture of clear bands of pro-
teins was captured in camera.

Protease activity optimization

Optimization of pH for the activity of proteases was deter-
mined using buffered substrate of different pH (7, 8, 9, 10,
11, and 12). The enzyme substrate reaction in the same
manner was incubated at varying temperature (20, 30, 40,
50, and 55 °C). Protease activity was also determined at
various NaCl concentrations (1, 2, 3, 4, and 5 % (w/v))

@ Springer


http://dna.macrogen.com/eng/
http://dna.macrogen.com/eng/

398

Extremophiles (2016) 20:395-402

and the proteolytic activity was measured as per assay
procedure.

Statistical analysis

All assays were performed in triplicate and their means and
the standard deviation (SD) among the replicates were cal-
culated by Microsoft Excel Program (2007). Least Statisti-
cal Differences (LSD) were obtained using AOV in statistix
9.0 software.

Results and discussion
Isolation and screening of protease producing isolates

In the present study, 54 bacterial strains were isolated and
purified on the bases of their cell morphology through
repeated streaking from salt mines of Karak, Pakistan. All
the 54 bacterial isolates were screened for proteolytic activ-
ity on skim milk agar plates in which 23 (42.5 %) bacterial
strains showed proteolytic activity ranging from small clear
zones to large clear zones around their colonies. The use
of skim milk agar media for the screening of proteolytic

Table 1 Microscopic and biochemical characteristics of the strain
BLK-1.5 isolated from salt mines of Karak, Pakistan

Character Isolated strain BLK-1.5

Rods

Gram positive

Morphology

Gram staining

Endospore staining Positive
Oxidase Positive
Voges-proskauer Positive
Citrate utilization Positive
Indole Negative
H,S production Negative
Urease Positive
Catalase Positive

Fig. 2 Phylogenetic tree show-
ing the taxonomic position of 17
the strain BLK-1.5. 16S rRNA

gene was sequenced and phy-

logenetic tree was constructed 2
in MEGAG6.0 using Neighbor-

bacterial isolates has also been reported by some earlier
researchers (Nihalani and Satyanarayana 1992; Gessesse
and Gashe 1997). Among these, the strain BLK-1.5 exhib-
ited prominent clear zone of hydrolysis around the colony
indicating that it secretes significant amounts of protease
and was selected for further study.

Identification of the isolate BLK-1.5

The strain BLK-1.5 was rod shaped, spore forming and
tentatively identified as Bacillus sp. based on its morpho-
logical and biochemical characteristics (Table 1). Subse-
quently, the comparison of the 16S rRNA gene nucleotide
sequence of the strain BLK-1.5 with other 16S rRNA genes
sequences of closely related strains by EZ-Taxon server
showed that the strain BLK-1.5 has 98 % sequence homol-
ogy with Bacillus subtilis subsp. Spizizenii strain NRRL
B-23049 (Accession No. CP002905). The phylogenetic
tree, constructed by the neighbor-joining method indicated
that the strain BLK-1.5 is affiliated with the genus Bacil-
lus and closely related to Bacillus subtilis subsp. Spizizenii
strain NRRL B-23049 (Fig. 2). The result was in agreement
with those of Roohi et al. (2012), who identified different
bacterial strains affiliated with the genera Bacillus, Halo-
bacillus and many other genera from salt mines of Karak.
Similarly, Rohban et al. (2009) also identified Bacillus
species from Howz soltan Lake, Iran. It is known that the
majority of the commercially available alkaline proteases
are produced by Bacillus species (Jellouli et al. 2009).

Effects of pH, temperature and salinity on the isolate
BLK-1.5 growth and protease production

Different pH values showed different effect on pro-
tease yield and growth of the B. subtilis strain BLK-
1.5 and maximum yield of protease (37.8 pg/ml) was
observed at pH 10 while it grows best (OD: 0.43) at
pH 9 (Fig. 3a). These findings indicated that there is
no direct relation between the production of proteases
and growth. The reason could be due to the fact that

— Bacillus tequilensis KCTC 13622T/AYTO01000043
— Bacillus vallismortis DV1-F-3T/JH600273

Bacillus subtilis subsp. spizizenii NRRL B-23049T/CP002905

Joining method

51
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Fig. 3 Effect of pH (a), temperature (b), and NaCl concentration (c)
on protease production and growth of Bacillus subtilis strain BLK-
1.5. Each value is an average of three replicates; bars on figures indi-

the protease produced by that isolate is alkaliphilic.
Khan et al. (2011) also observed this relationship that,
B. tequilensis showed optimal growth at pH 7 whereas
maximum enzyme production was achieved at pH 10.
The effect of incubation temperature on the growth and
production of proteases showed that Bacillus subtilus
strain BLK-1.5 achieved maximum growth (OD: 0.32)
at 37 °C and it also yielded maximum (32.1 pg/ml) pro-
tease at 37 °C (Fig. 3b). These results were in accord-
ance with those of Sharmin et al. (2005), who observed
the highest growth and maximum proteolytic activity at
37 °C for Bacillus amovivorus and Shumi et al. (2004),
who observed maximum growth and protease produc-
tion at 37 °C for B. fastidious. Similarly, maximum
protease (30.3 ug/ml) was produced at 7 % (w/v) NaCl
concentration, same as the highest growth (OD: 0.41)
which was also achieved at 7 % (w/v) NaCl concentra-
tion by B. subtilis strain BLK-1.5 (Fig. 3c). Nisha and
Divakaran (2014) also observed highest yield of pro-
teases at 7 % (w/v) NaCl from Bacillus subtilis isolated
from sea water.
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cate SD among the replicates. Letters on bars represents LSD which
differs significantly from each other at P < 0.05, based on AOV in
Statistix 9.0 software

Partial purification of proteases

Cell-free alkaline proteases in the supernatant broth pro-
duced by Bacillus subtilis strain BLK-1.5 was partially
purified by 70 % (w/v) saturation level of ammonium sul-
fate. SDS-PAGE analysis showed that the protease purified
from Bacillus subtilis strain BLK-1.5 was about 38 kDa
(Fig. 4). Commonly, the molecular weights of different
alkaline proteases produced by different Bacillus species
have been reported in the range between 17 to 50 kDa
(Tang et al. 2004; Yossan et al. 2006).

Activity optimization of protease produced by the
isolate BLK-1.5

Some of the fundamental characteristics of the purified
proteases produced by Bacillus subtilis strain BLK-1.5
were studied to find out the optimum pH, temperature and
NaCl concentration for its activity. The most important
feature of partially purified proteases was its activity in a
wide range of pHs, 8-12, that showed their alkaline nature
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Fig. 4 SDS-PAGE gel showing partially purified proteases produced
by Bacillus subtilis strain BLK-1.5

and the optimal activity of partially purified proteases was
observed at pH 10 (Fig. 5a). The maximum activities of
commercially important proteases isolated from microbial
sources in the alkaline pH range of 8—12 were also reported
by some earlier researchers (Gupta et al. 2002; Rao et al.
1998). The optimum pH 10 for activity of alkaline proteases
from a variety of Bacillus species has also been reported by
a number of researchers (Uchida et al. 2004; Dodia et al.
2008). The maximum proteolytic activity was observed at
50 °C when tested at their optimum pH for activity using
casein as a substrate (Fig. 5b).These results were in con-
formity with those of Moradian et al. (2006), who reported
optimum proteolytic activity of proteases produced by
Bacillus strain KR-8102 at 50 °C isolated from soil samples
collected from the north and west part of Iran. Similarly,
the optimal NaCl concentration for activity of the proteases
was evaluated which revealed that the activity of proteases
was optimum at 2 % (w/v) NaCl concentration (Fig. 5c).
Sivaprakasam et al. (2011) also observed optimum activ-
ity of a halo-tolerant protease isolated from Pseudomonas
aeruginosa strain BC1 at 2 % (w/v) of NaCl concentration.
Similarly, Jadhav et al. (2013) reported that protease was
stable and showed activity at 5 % (w/v) NaCl produced
by a Bacillus sp. The same results were reported in some
previous literature for proteases produced by halo-tolerant
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Fig. 5 Effect of different pH (a), temperature (b), and NaCl concen-
trations (¢) on partially purified protease activity. Each value is an
average of three replicates; bars on figures indicate SD among the
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bacteria (Sanchez-Porro et al. 2003). These findings indi-
cated that the extracellular proteases produced by Bacillus
subtilis strain BLK-1.5 isolated from saline soil samples of
District Karak, Pakistan express varying characteristics.
These results showed that Bacillus subtilis strain BLK-
1.5 isolated from salt mines of Karak, Pakistan is a good
producer of extracellular proteases in an alkaline medium
and able to function in broad pH and temperature ranges.
This might be an indication that Bacillus sp. reported in this
study would produce alkaline proteases which could find
applications in industrial and biotechnological research.

Conclusion

In the present study, we have isolated Bacillus subtilis
strain BLK-1.5 from salt mines of Karak, Pakistan and
investigated the optimal physical parameters for high-
est protease production. The isolate grew and produced
protease in the range of 5-12 % (w/v) NaCl indicating
its halo-tolerant nature. Furthermore, the protease was
active and stable at 50 °C, pH 10 and 2 % (w/v) NaCl.
Therefore, these characteristics of the protease suggest
that it can be an interesting candidate for application in
different industries like textile, food, pharmaceutical, and
detergent.
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