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Abstract: A protease producing moderately halo-alkalithermotolerant Bacillus strain SH1 was isolated
from salt spring sediment in Manipur, India. Biochemical and physiological characterization and acid
production from various carbohydrates by API 50 CHB tests led to its identification as Bacillus
subtilis and it was designated as bacillus subtilis strain SH1. Corn starch(1%) and peptone(0.2%) was
found as optimal C and N sources for protease production. The enzyme is active over a wide range
of temperatures and pH with optima at 50° C and pH 8. It is inhibited by PMSF as well as EDTA
and seems to be a metal-activated serine protease or a mixture of enzymes. SHI, interestingly, is
stimulated by FeSO, which has been rarely reported in the literature.
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INTRODUCTION

Proteases are important industrial enzymes accounting for nearly 60% of the total worldwide enzyme
market (Chen, X.G., O. Stabnikova, 2004; Chu, W.H., 2007). They are widely used in detergent, protein,
brewing, meat, photographic, leather, dairy, membrane cleaning and waste treatment industries (Chu, W.H.,
2007; Kumar, C.G., 2002). Microorganisms constitute the largest source of proteases including both
intracellular and extracellular proteases. They produce both intra and extracellular proteases. Extracellular
proteases help the organism to absorb and utilize hydrolytic products from proteinacious substrates. The
thermostable proteolytic enzymes from the genus Bacillus are the most important group of enzymes produced
commercially (Kaur, S., R.M. Vohra, 2001). Thermostable proteases are industrially attractive because higher
processing temperatures are possible leading to faster reaction rates, enhanced solubility of reactants and
products, higher resistance, and reduced contamination by mesophilic organisms. Therefore intensive search
is going on in various part of the world especially under-explored habitats. In this context, Manipur in north
cast India, part of Indo-Burma hotspot (Conservation International, 2005; Ningthoujam, D.S., 2009) holds great
promise. Though there is no firm evidence to suggest that thermostable proteases are necessarily from
thermophilic microorganisms, thermophiles represents an important source of thermostable enzymes. By now
a large number of thermostable enzymes from many genera have been reported such as Chromohalobacter spp
(Vidyasagar, M., 2007), Streptomyces (Mizusawa, K., 1969), Geobacillus spp (Chen, X.G., 2004; Hawumbea,
J.F., 2002), Bacillus spp (da Silvia, C.R., 2007; de Nascimento, W.C.A. and M.L.L. Martin, 2004; Kaur, S.,
2001; Kumar, C.G., 2002). However Bacillus spp. has remained as major sources of enzymes of industrial and
commercial value.

We are exploring Bacillus strains in several niche habitats in Manipur, India. The current paper reports
on findings of a local salt spring Bacillus isolate and conditions for protease production, characterization of
the strain, and optimization of enzyme production

MATERIALS AND METHODS

Isolation:

Soil sediments were collected from salt spring at Sikhong Manipur. The air-dried sample was heat treated
at 80° C for 10 min and serially diluted in sterile distilled water. The diluted samples were plated on skim milk
agar plates containing glucose (1% w/v), peptone (0.5% w/v), Y.E (0.5% w/v), NaCl (5% w/v), skim milk (2%
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w/v) and agar-agar (2% w/v).Plates were incubated at 30° C for three days. A clear zone of skim milk
hydrolysis gave an indication of protease producing organisms. The halo forming colonies were selected and
purified by repeated streaking onto fresh skim milk agar plates. The purified cultures were preserved at 4° C.

Morphological and Phenotypic Characterization of SHI:

Phenotypic characterization of bioactive strain was performed as per standard protocols (Holt, J.G., (Ed.).,
1994). Carbohydrate utilization profiles were determined by using API 50 CHB assays according to the
manufacturer’s instructions (BioMerieux, France).

Enzyme Production and Optimization:

Enzyme production was monitored in a medium consists of 1% glucose, 0.5% peptone and 0.2% yeast
extract at 30° C ,pH 7 and at 150 rpm. The crude enzyme was obtained from the supernatant of 48h old
production medium. In order to optimize the medium glucose is replaced by corn starch and soybean meal and
concentration of the peptone was also varied from 0.1% to 2%. Effect of NaCl concentration and pH on
protease production, were also determined.

Protease Assay:

Protease activity was studied colorimetrically by modified Hagihara Anson method (Hagihara, B., 1958;
Hagihara, B., 1958) using Hammerstein casein as substrate. 1% of casein was dissolved in phosphate buffer
(50mM, pH 7). The assay mixture consists of 1 ml of diluted crude enzyme and 1 ml of substrate and
incubated at 50°C for 10 min. The reaction was terminated by adding 2ml of 10% TCA and filtered to remove
undigested protein and absorbance was measured at 280nm (Seytorini, S., 2006).

One Unit of Enzyme Activity Is Defined as the Amount of the Enzgyme Resulting in the Release of 1 G of
Tyrosine per Minute per Ml under the Standard Assay Condition:
Effect of pH and Temperature on Enzyme Activity and Stability:

Effect of pH and temperature on activity and stability on enzyme was also determined by incubating the
enzyme substrate mixture at different pH and temperatures.

Effect of NaCl Concentration on Enzyme Activity:
The enzyme was incubated at different concentration of NaCl (0-30%) at room temperature for 20 min
and assay was carried out at standard assay condition.

Effect of Metal Ions, Inhibitors and Commercial Detergents on Enzyme Activity:
The enzyme was incubated with different metal ions, inhibitors, oxidizing agents and commercial
detergents at room temperature for 10 min. Then the protease assay was carried out at pH 7 and 50° C.

Results:
Isolation:

Two halo forming strains were isolated from the salt spring sediments. Strain SH1 which exhibited larger
halo size was selected for further characterization and protease production studies.

Characterization:
Based on the biochemical, phenotypic characteristics and API 50 CHB test the strain SH1 is identified as
Bacillus subtilis strain SHI1.

Enzyme Production and Optimization:

Among various media tested, glucose peptone medium was found most suitable. After further optimization,
corn starch (1%) and peptone (0.2%) was found optimal for enzyme production (Table 2). Fe So, enhances
the enzyme production nearly by double. Though the isolate SH1 could grow up to pH 10, enzyme production
is markedly decreased at alkaline pH (Fig 1). The optimum pH for enzyme production was found at pH 6.5.
Increased in NaCl concentration also decreases enzyme production (Fig 2).

The optimal temperature for enzyme activity is at 50° C (Fig 3) and optimal pH was found to be at 8.0

(Fig 4).
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Table 1: Biochemical and phenotypic characteristic of SH1

Test Result

Gram stain +ve

Shaped Rod shaped

Spore Endospore present, centrally located
3% KOH string test No string formation
Catalase +ve

oxidase +ve

NR +ve

MR -ve

VP +ve

Indole -ve

Starch hydrolysis +ve

Casein hydrolysis +ve

Gelatin liquefaction +ve

Citrate utilization -ve

Urea hydrolysis -ve

Growth profile

pH 5-10

Temperature (° C) 30° C-55°

Salinity (%) 0-10

Table 2: Effect of C/N source on enzyme production

C/N source

Relative Activity (%)

Control

1% Starch corn

1% Soybean meal

0.1% Peptone

0.2% Peptone

1% Peptone

2% Peptone

1% starch corn+0.2% peptone
Control +10 mg/L FeSo4

100
142
87.42
100
112
41
27.4
150
209

*Medium composition of control is 1% glucose, 0.5% peptone, 0.2% Y.E
*Crude enzyme was obtained fro 48h old production medium and reaction was carried out at pH 7 & 50°C
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Fig. 1: Effect of pH on protease production.
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Effect pH on protease production was carried out in liquid medium containing 1% glucose,0.5%
peptone, .02% Y.E at 30° C for 48 h. Activity was measured at 50 ° C and at pH 7.Relative activity
is expressed as a percentage of the maximum activity( 100%of enzyme activity= 370 U ml" min™ ).
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Fig. 2: Effect of NaCl concentration on protease production
Effect of NaCl concentration on protease production was determined in a liquid medium containing
1% Glucose, 0.5 % peptone, 0.2% Y.E at pH 7, 30° C for 48h at 150 rpm. Activity was measured
at 50 ° C at pH 7. Relative activity is expressed as a percentage of the maximum activity (100%of
enzyme activity= 57 U ml” min™).
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Fig 3: Effect of Temperature on enzyme activity
Crude enzyme was obtained from 48 h old culture medium grown in 1% Glucose, 0.5% peptone,
0.2% Y.E at pH 7, 30° C and at 150 rpm. . Activity was measured at different temperature (30-70 °
C) at pH 7. Relative activity is expressed as a percentage of the maximum activity (100%of enzyme
activity= 556 U ml"' min™"

Effect of pH and Temperature on Activity and Stability:
SH1 protease is stable at temperatures of 40-60°C (Fig. 5). It retains up to 50% activity at pH 12.

Effect of NaCl on Enzyme Activity:
The enzyme is stable in presence of NaCl concentrations as high as 30%. 40% residual activity is observed
in presence of 10% NaCl; even significant activity (~20%) remains in presence of 30% NaCl (Fig. 6).

Effect of Metal Ions, Inhibitors and Detergents:

SHlprotease was inhibited by phenanthroline, EDTA and PMSF (Table 3). It suggests that the SHI1
protease may be a metal ion dependent serine protease.

The enzyme is compatible with SDS and some locally available commercial detergents (Table 3).
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Fig. 4: Effect of pH on enzyme activity
Crude enzyme was obtained from 48 h old culture medium grown in 1% Glucose, 0.5% peptone,
0.2% Y.E at pH 7, 30° C and at 150 rpm. . Activity was measured at various pH using different
buffers at 50 ° C at . Relative activity is expressed as a percentage of the maximum activity (100%of
enzyme activity= 333 U ml" min™).
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Fig. 5: Thermostability profile of the enzyme
Crude enzyme was obtained from 48 h old culture medium grown in 1% Glucose, 0.5% peptone,
0.2% Y.E at pH 7, 30° C and at 150 rpm. .The crude enzyme was preincubated at various temperature
for 30 min and residual activity was measured at 50 °C, pH 7. The enzymatic activity of the unheated
enzyme was taken as 100 %( 100%of enzyme activity= 556 U ml" min™).
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Fig. 6: Effect of NaCl concentration on enzyme activity
Crude enzyme was obtained from 48 h old culture medium grown in 1% Glucose, 0.5% peptone,
0.2% Y.E at pH 7, 30° C and at 150 rpm. .The crude enzyme was preincubated at various NaCl
concentration (0-30%) for 10 min and residual activity was measured at 50 ° C, pH 7. The enzymatic
activity of the untreated enzyme was taken as 100 %( 100%of enzyme activity= 394 U ml" min™

Table 3: Effect of Metal ions, inhibitors, bleach and commercial detergents

Metal ion(10mM) Residual activity (%)
Control 100
MgCl, 86
CaCl, 100
FeSo, 171
ZnSo, 86
HgCl 00
Enzyme inhibitors(mM)

Control 100
10 EDTA 6.3
10 phenanthroline 4

1 PMSF 25
Commercial detergent & bleaching agent

Control 100
1% Ariel(w/v) 69
1% Tide (w/v) 83
19%H,0, (v/v) 16
0.1%SDS(w/v) 96

Crude enzyme was obtained from 48 h old supernatant grown in 1% glucose, 0.5% peptone, 0.2% Y.E at pH 7, 30° C at 150 rpm.
Reaction was carried out by preincubating the enzyme with various metal ions, inhibitors and detergents for 30 min, at standard assay
condition i.e. at pH 7 and at 50° C. The enzymatic activity of the unheated enzyme was taken as 100 % (100%of enzyme activity= 477
U ml" min™)

Discussion:
Characterization:

SH1 was identified and designated as Bacillus subtilis strain SH1. Bacillus spp. are extensively exploited
for protease production (Priest, F.G., 1977).

Enzyme Production and Optimization:

SH1 produced optimal protease activity within 48 hours. Several bacteria have been reported to produce
enzymes after similar incubation periods.

Corn starch (1%) was found optimal for protease production by Bacillus subtilis strain SH1. Dastager et
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al. (2008) also found starch as best C source for protease production by Streptomyces gulbargensis. Contrasting
results were obtained for Streptomyces avermectinus by Ahmad et al. (2008) who observed sucrose as the best
C source for protease oroduction. Cai and Zheng (2009) also reported sucrose as the best C source for
keratinase production by a Bacillus subtilis strain.

Peptone (0.2%) was optimal for SH1 protease production. Mehta et al. (2006) also reported peptone as
the optimal N source for alkaline protease production by an alkiliphilic Streptomyces sp. Contrasting results
were casein for Streptomyces clavuligerus Mit-1 (Kathiresan, 2007), tryptone for Arthrobacter ramosus
(Kanekar, 2002) and soymeal for Streptomyces avermectinus (Ahmad, 2008).

Effect of pH and Temperature on Enzyme Activity and Stability:

SH1 protease had optimum activity at pH 8.0 and is active in the range 5-12. pH optima for some bacteria
reported are: B. subtilis, 8.5 (Cai, 2008); B. pumilus, 8.0 (El-Rafai, 2005). Other bacteria had higher optima:
B. subtilis PE-11 pH 10 (Adinaryana, 2003); Bacillus sp. MIG, 11 or 12 (Gouda, 2006). But SH1 has better
pH tolerance than several other Bacillus spp.: B. spaericus, 6-7.5 (El-Bendary, 2007); B. cereus, 7.5 (Banik,
2004).

SH1 protease had optimum activity at 50° C, and it is active in the range 30-65° C, which is ideal for
application as a detergent additive. Similar ranges reported for other bacterial proteases are: S. thermovulgaris,
55° (Yeoman, 1997) and B. licheniformis, 50° (lin, 1992).

Higher optimal temperatures have been reported for Bacillus mojavensis, Geobacillus sp. PA-9, and
Bacillus sp. GUS1 of 60° C, 70° C and 70° C respectively (Beg, 2003; Seifzadeh, 2008; Hawumba, 2002).

Effect of NaCl on Enzyme Activity:

SH1 had very good halotolerance. Though production occurred at no salt, enzyme retained 55%, 40%, 35%
and 22.5% activity at 5, 10, 15 and 20% NaCl, with significant activity even at 30% NaCl. Such high
halotolerance has not yet been reported so far. A B. cereus protease has been reported to retain 60% residual
activity at 10% NaCl but tolerance at higher salt concentrations were not discussed (Joshi, 2007).

Effects of Enzyme Inhibitors, Metal Ions and Detergents:

Inhibition by PMSF indicated SH1 protease to be a serine protease but its inhibition by EDTA and
phenanthroline showed the possible role of metal ions in enzyme activity. SHI crude enzyme may be a mixture
of enzymes or it may be a metal-activated serine protease. Such reports have been shown earlier for some
Bacillus spp. (Dhandapani). Multiple proteases have been reported for certain bacteria (Ya-nkevich, 1988).

Fe2+ had stimulatory effect on the activity of SH1 protease. Ca2+ has no activation. Hg caused full
inhibition.

Rare reports of protease activation by Fe*" are by Seytorini(6), Zvidzai & Zvanya, 2001 (2001), Joshi et
al (2007), Gajju et al (1996) and Kumar et al (2002). Cu2+, Mg2+, and Mn2+ had activating effects on B.
licheniformis protease (Ozturk, 2009).

Gupta et al. (2008) found Ca2+ as stimulatory for V. panthothenticus protease.

Co stimulated B. cereus protease (Joshi, 2007) but Ca, Cu, Mg and Mn inhibited it. SDS-stable enzymes
are rarely reported, though it is a desirable characteristic for a protease to be used as a detergent additive. SH1
is resistant to 0.1% SDS. Similar reports exist for B. subtilis GUSI1, B. avensis, B. sp RGR-14 and B. sp
KSM-KP-43 (Beg, 2003; Seifzadeh, 2008; Sacki, K.S., 2002; Oberoi, R., 2001).

Recommended conditions for laundry washing is in presence of detergent of 0.1 %(Kim, 2002). SH1 is
compatible with some locally available detergents at concentrations as high as 1 %(w/v).

Conclusion:

Bacillus subtilis SH1 reported in this paper shows promising production of protease. The enzyme shows
broad range of temperature and pH tolerance. It also shows compatibility with several detergents showing its
commercial potential. Stimulation by FeSO, is interesting as very few reports of such effects exist in literature.
The present report shows potential of exploring promising protease producing Bacillus strains from Manipur.
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