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ABSTRACT: An alkaline protease producing strain was isolated from spoilt cottage cheese sample which was
identified as Bacillus tequilensis strain SCSGAB0139 on the basis of morphological, cultural, biochemical
characteristics and 16S rRNA sequence analysis. Primary screening for protease production was carried out by
observing for zone of hydrolysis on skim milk agar, GYEA milk agar and gelatin agar plates. Physicochemical
parameters like pH of the medium, incubation time and temperature, aeration and composition of the medium were
optimized for maximum protease production by this isolate. Maximum yield of protease (85.67U/ml) was obtained in
a medium containing peptone (5% w/v), maltose (5% w/v) and KNOs, 0.5%; K;HPO,4, 0.4%; trisodium citrate, 0.4;
CaCl,, 0.0002%; MgS0,7H,0, 0.05%; Na,COs, 1%.; 1% (v/v) of a trace element solution (NH4)sMO;0y4, 0.01%;
FeSO47H,0, 0.2%; CuSO45H,0, 0.02%; ZnCl,, 0.02%) having pH 10, inoculated with 1%(v/v) of pre-grown cell
mass and incubated at 30°C on a rotary shaker (100rpm) for 48hrs. Absence of any one of the following salts viz.
KNO;, K;HPO,, tri-sodium citrate; MgSO,, CaCl, and Na,CO; from optimized medium reduced the protease
production by 80% to 40%. The enzyme has an optimum pH of 9 and maintained its stability over a broad pH range
between 6 and 10. Its optimum temperature is 30°C, and exhibited a stability of up to 65°C. Among metal ions only
Ca”" and Mg*"ions enhanced the enzyme activity up to 105% and 107% respectively while other metal ions reduced the
activity by 40% where as EDTA exhibited the least inhibitory effect upon the enzyme. Protease activity was enhanced
in the presence of isopropanol and marginally reduced in the presence of other organic solvents studied. The crude
enzyme showed stability towards various surfactants such as Tween-20, Tween- 80, SDS and Triton X-100. It also
showed excellent stability and compatibility with commonly used laundry detergents (Ariel, Surf excel and Surf Blue).
The enzyme retained its activity in 2% H,O, indicating it to be bleach-stable. The present findings show that the
protease from Bacillus tequilensis strain SCSGABO0139 is alkali- and detergent- stable and hence, when this protease
was applied to remove blood stains from cotton fabrics indicated its potential use in detergent formulations.
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INTRODUCTION

Proteases are degradative enzymes which catalyze the cleavage of peptide bonds in other proteins. They represent one
of the three largest groups of industrial enzymes and account for about 60% of the total worldwide sale of enzymes
which occupy a pivotal position with respect to their applications (Rao et al 1998; Amoozegara et al., 2004).Proteases
execute a large variety of functions and have numerous applications in bakery, brewing, detergent, food, diagnostic
reagents, pharmaceutical, leather industries, feeds modification, peptide synthesis, silk, silver recovery from X-
ray/photographic film, soy processing, and bioremediation processes (Anwar and Saleemuddin, 1998; Gupta et al.,
2002; Rao et al., 1998). Proteases are widespread in nature and among the various proteases; bacterial proteases are the
most significant, compared with animal and fungal proteases (Fujiwara et al., 1991). Among bacteria, Bacillus sp. are
specific producers of extra-cellular proteases (Priest,1977) and the alkaline proteases produced by Bacillus species are
by far the most important group of enzymes produced commercially (Puri et al., 2002).
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Several Bacillus species involved in protease production are e.g. B. cereus (Ammar et al., 1991; Banik and Prakash,
2004), B. sterothermophilus (Sookkheo et al., 2000), B. mojavensis (Beg and Gupta, 2003), B. megaterium (Gerze et
al., 2005), B. subtilis (Soares et al., 2005), Bacillus licheniformis (Claim et al.,2002), Bacillus clausii (Christiansen and
Nielsen, 2002), Bacillus brevis (Banerjee et al., 1999), Bacillus cereus BG1 (Ghorbel et al., 2005), Bacillus anthracis
S-44 and B. cereus var. mycoids, S-98 (Ammar et al.,1991), Bacillus thuringiensis (Foda et al., 2013), Bacillus
circulans MTCC 7942 (Patil and Chaudhari,2013), Bacillus coagulans (Asokan and Jayanthi, 2010), Bacillus
marmarensis (Denizci et al.,2010), Bacillus firmus (Vadlamani and Parcha, 2012), Bacillus stratosphericus (Bindu
and Reddy, 2013), Bacillus polymyxa (Lawal et al., 2014), B. Lentus (Bettel et al., 1992), Bacillus alcalophilus sub sp.
halodurans KP 1239 (Takii et al., 1990), B amyloliquifaciens (Wells et al.,1983), B. subtilis var. amylosacchariticus
(Yoshimoto et al.,1988), Bacillus intermedius (Itskovich et al., 1995), B. thermoruber BT2T (Manachini et al., 1988),
Bacillus clausii GMBE 22 (Kazan et al., 2005), Bacillus pumilus (Wan et al., 2009), Bacillus cohnii APT5 (Tekin et
al.,, 2012), Bacillus fastidiosus (Shumi et al., 2004), Bacillus pseudofirmus (Gessesse et al., 2003), Bacillus
pantotheneticus (Shikha et al.,2007), Bacillus aquimaris strain VITP4 (Shivanand and Jayaraman, 2009), Bacillus
proteolyticus CFR3001 (Bhaskar et al., 2007), Bacillus laterosporus (Usharani and Muthuraj, 2010), Bacillus
amovivorus (Sharmin et al., 2005), Bacillus flexus (Verma et al., 2013) and Bacillus horikoshii (Joo et al., 2002).

The present paper reports isolation and identification of alkaline protease producing strain from the spoilt cottage
cheese sample. We also describe optimization of parameters for the production of protease along with some
characterization of the enzyme and its application as an effective additive in laundry detergents.

MATERIALS AND METHODS

Enrichment, Isolation and identification of protease producing organism

One gram of spoilt cottage cheese sample was inoculated in 2 sterile 100 ml Nutrient broth flasks and incubated under
shaker (100 rpm) and static conditions at 30°C for 24hrs. Enriched broth was then appropriately diluted and isolated
on skim milk agar plate containing peptone (0.1%), NaCl (0.5%), agar (2%) and skim milk (10%) incubated at 30°C
for 24 hrs. Colonies exhibiting a zone of clearance were further screened for maximum protease production and were
maintained on nutrient agar slant (containing 1% casein) at 4°C.

Protease assay

Each isolate was inoculated in 100 ml nutrient broth containing 1% casein and incubated for 24 h on a rotary shaker
(100rpm) at 30°C. The cells were separated by centrifugation of growth in broth at 5000 rpm for 20 min. The
supernatant contained enzyme and was considered as crude enzyme extract. Protease activity was measured using
caseinolytic assay (Zambare et al., 2007) with some modifications. The culture supernatant (0.1 ml) was incubated in 9
ml of 1% casein prepared in phosphate buffer (pH-7) at 30°C for 20 min. The reaction was stopped by 1.5 ml of
trichloroacetic acid (5% w/v). After 10 min the entire mixture was centrifuged at 5000 g for 15 min. Absorbance of the
supernatant was measured by modified Folin Ciocalteu method (Lowry et al., 1951), against inactive enzyme. A
standard graph was generated using standard tyrosine of 10-100 pg ml™. One unit of protease activity was defined as
the amount of enzyme, which liberated 1 pg tyrosine per min at 30°C. The isolate exhibiting maximum protease
production was identified on the basis of morphological, cultural and biochemical tests reported by Gatson et al. (2006)
and Bonala and Mangamoori (2012) and further confirmed by 16S rRNA sequence analysis carried out by SciGenom
Labs Pvt. Ltd. Kerala, India.

Optimization of culture conditions for protease production

Eight different media were investigated for maximum protease production by the selected isolate viz.A- (Khosravi-
Darani et al., 2008), B- (Pawar et al., 2009), C-(Mehrotra et al., 1999), D-(Das and Prasad, 2010), E-(Nascimento and
Martins, 2004), F- (Adinarayana et al., 2003), G- (Oskouie et al.,2008), H-(Ahmed et al.,2008) and I- (Nadeem et al.,
2008). One ml of the culture with (0.10.Ds30,,) Was inoculated in 50 ml of the specific production medium and
incubated at 30°C for 24 h on a rotary shaker (100 rpm). Hundred ml of each of the production medium was inoculated
with 2% (v/v) of pre-grown cell suspension, incubated at 30°C for 24 h on a rotary shaker (100 rpm) and the cells were
centrifuged at 5000 rpm for 20 minutes to obtain supernatant which was used as a crude enzyme for the study of
various parameters. One parameter at-a-time approach was used and all the experiments were carried out in triplicates.
The culture conditions (incubation period, aeration, temperature, pH, carbon, nitrogen source and deletion of various
mineral salt concentrations) were optimized for maximum protease production by the selected isolate. The enzyme
activity was determined for each medium by Folin-Lowry assay. For all the further experiments, the medium which
gave maximum protease yield was used to optimize the physicochemical parameters for the production of protease
enzyme.
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The optimized medium was used for further investigation of various parameters for maximum protease yield by the
selected isolate. Optimization of culture conditions for the highest protease production was studied in G medium. The
alkaline medium G (pH 9) used for protease production contained: sucrose (1%); yeast extract (0.5%); KNO3 (0.5%);
K,HPO,, 0.4%; trisodium citrate, 0.4%; CaCl,, 0.0002%; MgSO47H,0, 0.05%; Na,COs, 1%. After autoclaving and
cooling the medium, 1% (v/v) of a trace element solution (NH4)sMO;0,4, 0.01%; FeSO47H,0, 0.2%; CuSO4 5H,0,
0.02%; ZnCl,, 0.02%) was added. One salt component such as KNO; MgSO, 7H,0, K,HPO,, CaCl,, Na,COs and Tri-
sodium citrate from the production medium was excluded from the optimized medium at a time to determine the effect
of its deletion on protease enzyme production by the selected isolate (complete medium was considered as control).

Protease production was determined at various time intervals such as 24, 48 and 72 h which were incubated at 30°C on
a rotary shaker (100 rpm).The effect of aeration on protease production was studied by incubating one culture flask on
shaker (100rpm) and other under static condition at 30°C for 24 hours. Optimum culture temperature for protease
production was determined in the range of 30°C, 35°C, 45°C, 55°C and 65°C on shaker condition (100rpm) for 24 h.
Optimum pH for protease production was determined in the culture grown in G medium at different pH range from 7
to 12 (IN NaOH and 1IN HCIl were used for adjusting pH of the medium). Effect of different carbon sources on
protease production was checked by adding 1% w/v of sucrose, glucose, maltose, mannitol, starch, glycerol, xylose and
galactose. Optimized sugar (1%-2% w/v at increments of 1%) was tested for higher yield of protease. Different organic
nitrogen sources (1% w/v) such as meat extract, yeast extract, peptone and tryptone and inorganic nitrogen sources
(0.5%) such as ammonium nitrate, sodium nitrate and potassium nitrate were checked for the maximum protease
production. Optimized nitrogen source (1%-2% w/v at increments of 1 %.) was tested for maximum yield of protease.

Effect of different physicochemical parameters on protease activity

Protease enzyme from the new isolate was assayed to determine the optimum conditions of temperature and pH. The

optimal temperature was determined from 25, 35, 45, 55, 65, 75 and 85°C to determine the optimum temperature for

enzyme activity. The protease was assayed at various pH ranging from 6 to 10 in the following buffer systems:

Phosphate buffer (pH 6), Tris—HCI buffer (pH 7-9) and glycine-NaOH buffer (pH 10)Effect of metals on enzyme

activity was measured with different metals namely (0.1% w/v) HgCl,, MgCl,, ZnCl,, CaCl,, KCI, NaCl and CdCl,

and metal chealtor EDTA. The presence of organic solvents (10% v/v) such as acetone, benzene, ethanol, methanol,

isopropanol and butanol on protease activity was also investigated. The surfactants (1% v/v) such as SDS, Tween 80,

Triton X-100 and commercial detergents (1% w/v of Surf Excel, Surf Blue and Ariel) were tested on the protease. To

check the effect of an oxidizing agent on protease activity, different concentrations (0.5- 2.0%) of Hydrogen Peroxide

was used. The crude enzyme was pre-incubated with the above-mentioned respective solvents, metal ions and

surfactants for 30mins at 30°C. The residual activity (%) was measured by standard protease assay. The control was

kept with enzyme without metals, solvents and oxidizers (100%).

Enzyme purification

The crude enzyme extract was subjected to various saturation concentrations of ammonium sulphate (40% saturation to

90% saturation) to precipitate the enzyme. The concentration which gave precipitate was then used to precipitate the

enzyme from 100 ml of production medium. The precipitate was collected by centrifugation at 5000 rpm for 20

minutes at 4°C. The precipitate pellet was dissolved in 5 ml of tris-HCI buffer pH 9 and dialyzed against the same

buffer. Its protein content and enzyme activity was determined after each step.

Application as a potential detergent additive

Wash performance of protease was evaluated by subjecting the blood stain removal test from cotton fabrics. Briefly,

application of protease as a detergent additive was studied on white cotton cloth which was cut into 3 cm’pieces and

stained with 1 ml of fresh human blood. The stained cotton pieces were allowed to dry overnight. Following overnight

drying; the stained pieces were taken in separate flasks (Banerjee et al., 1999; Sharma and Aruna, 2012). The following

sets were prepared and studied:

1) Flask with distilled water (100 ml) + stained cloth.

2) Flask with distilled water (100 ml) + stained cloth + 1 ml of aerial detergent (7 mg/ml).

3) Flask with distilled water (100 ml) + stained cloth + 1 ml of aerial detergent (7 mg/ml) + 1 ml (1:5 diluted) purified
enzyme.

The above flasks were incubated at 55°C for 15 minutes. After incubation, cloth pieces were taken out, rinsed with

water and dried. Visual examination of various pieces exhibited the effect of enzyme in stain removal. Untreated cloth

piece stained with blood was taken as control.
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RESULTS AND DISCUSSION

Enrichment, screening, isolation and identification of protease producing isolate

One gm of spoilt cottage cheese sample was inoculated in 2 sterile 100 ml nutrient broth with 1% casein flasks and
incubated at 30°C for 24hrs under shaker (100rpm) and static conditions. A loopful of enriched broth from each flask
was streaked on skim milk agar plates and was incubated at 30° C for 24 hours. After 24 hours 8§ different colonies
were obtained showing zone of clearance indicating production of protease by the isolates. These 8 isolates (C1- C8)
were when further screened for protease activity; colony number 2 (C2) which was confirmed to have protease activity
on skim milk agar (Figure 1) also exhibited maximum protease activity (65.56U/ml) as shown in figure 2. This isolate
(C2) was selected for further optimization studies and depending upon it’s morphological, cultural and biochemical test
suggested by Gatson et al. (2006) and Bonala and Mangamoori (2012); it was identified as Bacillus tequilensis and
strain number SCSGABO0139 was further confirmed by 16S rRNA sequence analysis. It is a sporulating, gram positive
bacillus, phylogenetically closely related to Bacillus subtilis (Gatson et al., 2006). Microbes particularly spore bearers
like Bacillus sp. are known to cause spoilage of milk products like cottage cheese which are rich in proteins (Tharmaraj
and Shah, 2009; Ternstrom et al., 1993). This might be the one of the reasons we could isolate Bacillus species
producing protease from spoiled cottage cheese sample. A thermophilic protease producer Bacillus subtilis WIFDS was
also reported to be isolated from milk sample (Sharma and Aruna, 2011).

Optimization of culture conditions for protease production

Bacillus tequilensis exhibited maximum yield of protease in G medium (67.03U/ml) [sucrose (1%); yeast extract
(0.5%); KNO3 (0.5%); K,HPOy, 0.4%; trisodium citrate, 0.4%; CaCl,, 0.0002%; MgSO,-7H,0, 0.05%; Na,COs, 1%;
pH 9 and 1% (v/v) of a trace element solution (trisodium citrate, 1%; (NH4)sMO;0,4, 0.01%; FeSO47H,0, 0.2%;
CuSO45H,0, 0.02%; ZnCl,, 0.02%)] which was followed by medium E (44.93U/ml) and H(40U/ml) whereas
Medium F supported minimum protease yield (8.84U/ml) as shown in figure 3. Medium F lacked the components such
as KNO3, trisodium citrate, CaCl,, Na,CO;, (NH4)eMO70,,, CuSO45H,0 and ZnCl, whereas medium G which
supported maximum protease yield contained all the above mentioned chemicals. Several different types of defined as
well as undefined media have also been used in the past for production of alkaline protease by alkalophiles viz.
Horikoshi-I media (Horikoshi, 1996), glucose-yeast extract-asparagine medium (GYA) (Sen and Satyanarayana, 1993),
MYGP medium (Laxman et al., 2005; Srinivasan et al.,1983), peptone-yeast extract-glucose medium (PYEG) (Gee et
al., 1980), alkaline casein agar medium (Durham, 1987), wheat meal medium (Fujiwara and Yamamoto,1987),Y east
extract casein medium (Tambekar and Tambekar,2013), synthetic medium(Johnvesly and Naik, 2001), modified
fermentation medium (MFM) (Rathod and Pathak, 2014), Dye’s medium with 0.2 per cent Bengal gram powder
(Kanchana and Padmavathy, 2010), Zobell marine broth (Jayaraman and Sridharan, 2012)and GYP (Kumar and
Bhalla, 2004).

Figure 1: Colonies C1 and C2 showing zone of hydrolysis on Skim milk agar
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Figure 2: Protease assay of different isolates
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In the deletion assay studies of medium components, when MgSO,7H,0 and K,HPO, omitted from the medium G
individually the protease yield by Bacillus tequilensis was reduced by 80% and 67% respectively as shown in figure 4.
However, KNO; (0.5%), trisodium citrate (0.4%) CaCl, (0.0002%) and Na,CO; (1%) deleted from the medium (one at
a time) lowered the protease yield by 40% to 60% (Figure 4). Bacillus tequilensis requires metal cations such as Mg
and Ca"and also K,HPO,, KNOs, trisodium citrate in production medium G for better yield of protease. Divalent metal
ions such as calcium, cobalt, copper, iron, magnesium, manganese, and molybdenum are required in the fermentation
medium for optimum production of alkaline proteases (Kumar and Takagi, 1999). Our results corroborate the earlier
findings of metal ions (Ca™ and Mg ™) along with KH,PO, substantially enhancing the production of protease enzyme
while the increase of enzyme production was small when these salts were used individually and it was sufficiently low
in the absence of these salts (Janssen et al., 1994; Banerjee et al., 1999; Wang et al., 2005; Haddar et al., 2009; Uyar et
al., 2011; Ellaiah et al., 2002; Nadeem et al., 2007; Varela et al., 1996). Magnesium ion was found to be more effective
than other metal ions in protease production by Bacillus licheniformis NCIM-2042 (Bhunia et al., 2010), Bacillus
cereus CA15 (Uyar et al., 2011), B. subtilis RSKK96 (Akcan and Uyar, 2011), Bacillus pseudofirmus, Cohnella
thermotolerans and Bacillus odysseyi (Tambekar and Tambekar, 2013). Hanlon et al. (1982) showed that the depletion
in magnesium ion results in decreased rate of enzyme production that ultimately affects the mechanism of protease
synthesis. Calcium chloride has also been used by several workers as a source of calcium ions in protease producing
media (Qadar et al., 2009). The past studies indicated that incorporation of 0.01% calcium chloride in the fermentation
medium produced maximum protease by Bacillus sp. PCSIR EA-3 as compared to the medium having no calcium ions
(Qadar et al., 2009).
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Potassium phosphate has been used as a source of phosphate and buffering agent in the medium for production of
alkaline protease in most studies (Mao et al., 1992; Rahman et al., 1994; Moon and Parulekar, 1991; Takii et al., 1990;
Rathakrishnan and Nagarajan, 2012; Sarker et al., 2013). Sodium carbonate was found generally to be the major source
of alkalinity and its addition to the production media enhanced the growth of alkalophilic microorganisms (Horikoshi
and Akiba, 1982; Johnvesly and Naik, 2001; Takagi et al., 1995; Sarker et al., 2013). Many researchers reported that
maximum yield of alkaline protease production attained in presence of KNO; in the production medium (Lakshmi et
al., 2014; Dahot, 1993; Ahmed et al., 2010; Johnvesly and Naik, 2001). Trisodium citrate was shown to have ability to
control pH variations in production medium for protease (Kumar and Takagi, 1999; Kumar, 2007). Ferrero et al.
(1996) reported the use of trisodium citrate along with MgSQO,, CaCl,, MnSO, and ZnSO, for protease production by
Bacillus licheniformis MIR 29.

Bacillus tequilensis showed protease production starting from 24 h of growth and reached a maximum in 48 h and then
it declined with further increase in duration of incubation (Figure 5). Maximum production of protease with 48 to 72
hours of incubation by bacteria was reported by Hoshino et al. (1995) and Shumi et al. (2004).In general, the synthesis
of protease in Bacillus species is constitutive or partially inducible and is controlled by numerous complex mechanisms
operative during the transition state between exponential growth and the stationary phase (Strauch and Hoch, 1993;
Priest, 1977).It was suggested that protease production was directly linked to the culture being metabolically active
(Kanchana and Padmavathy, 2010). However, Gupta et al. (2002) reported that production of extracellular protease is
related to manifestation of nutrient deficiency at the beginning of stationary phase. Ward (1995) reported that Bacillus
sp. usually produce more protease during the late exponential phase. The function of this enzyme is obscure, but its
synthesis is correlated with the onset of a high rate of protein turnover during sporulation in certain bacilli. Similar to
our results were reported where alkaline protease production was maximum in 48h for Bacillus amovivorus (Sharmin
et al., 2005), Bacillus aquimaris (Shivanand and Jayaraman, 2009), Virgibacillus dokdonensis (Jayaraman and
Sridharan, 2012). Bacillus sp. I-312 (Joo and Chang, 2005), Bacillus subtilis (Ahmed et al.,2010),B subtilis PE-
11(Adinarayana et al., 2003),B. pumilus D-6 (Bajaj and Jamwal, 2013),Bacillus sp. PCSIR EA-3 (Qadar et al. 2009),
B. subtilis MTCC 9102 (Kumar et al., 2010), Bacillus firmus (Vadlamani and Parcha,, 2012), Bacillus subtilis PCSIR5
(Nadeem et al., 2006), Bacillus coagulans PSB-07 (Olajuyigbe and Ehiosun, 2013), Bacillus subtilis SHS-04
(Olajuyigbe, 2013) and Bacillus licheniformis P003 (Sarker et al., 2013). However, many researchers recorded
maximum protease production time as 18h for Bacillus horikoshii (Joo et al., 2002) and 24 h for Bacillus sp. strain CR-
179 (Sepahy and Jabalameli, 2011), Bacillus mojavensis (Beg et al., 2003), Bacillus fastidiosus (Shumi et al., 2004),
Bacillus alcalophilus subsp. halodurans (Takii et al.,1990), B. pantotheneticus (Shikha et al., 2007), B. pumilus CBS
(Jaouadi et al., 2008), B. pseudofirmus (Gessesse et al., 2003) and B. subtilis P13 (Pillai et al., 2011). Variety of
optimum time for maximum yield of protease has been reported as 30h for B. cereus (Kanmani et al., 2011), 36h for
Bacillus circulans MTCC 7942 (Patil and Chaudhari, 2013), 60 h for Bacillus pumilus MK6-5 (Kumar, 2002), 72h for
Bacillus flexus (Verma et al., 2013), Bacillus licheniformis BBRC 100053 (Nejad et al., 2009), Bacillus subtilis SSD-I
(JQ747516) (Pedgeet al., 2013), Bacillus polymyxa (Maal et al., 2009), B. subtilis 3411 (Pastor, 2001), Bacillus
licheniformis BI8 (Lakshmi, 2013),Bacillus clausii GMBAE 42 (Kazan et al., 2005), 96h for B. licheniformis and
B.coagulans (Asokan and Jayanthi, 2010), Bacillus proteolyticus CFR3001 (Bhaskar et al., 2007), Bacillus sp. K-30
(Naidu and Devi, 2005) and 120 h for Bacillus subtilis RSKK96 (Akcan and Uyar, 2011).

During fermentation, the aeration rate indirectly indicates the dissolved oxygen level in the fermentation broth.
Protease production by Bacillus tequilensis was found to be the maximum under aeration condition (100rpm) 65U/ml
while static condition exhibited 85% lesser yield (10U/ml).This is in agreement with previous report which showed
that B. proteolyticus CFR3001 (Bhaskar et al., 2007), Virgibacillus dokdonensis (Jayaraman and Sridharan, 2012),
Bacillus polymyxa (Maal et al., 2009) and Bacillus circulans MTCC 7942 (Patil and Chaudhari, 2013) needed agitation
rate of 100 rpm while Bacillus firmus (Vadlamani and Parcha, 2012) required 120rpm agitation speed. Optimum yields
of alkaline protease were recorded at 200 rpm for B. subtilis ATCC 14416 (Chu et al. 1992), Bacillus subtilis SHS-04
(Olajuyigbe, 2013), Bacillus sp. I-312 (Joo and Chang, 2005) and B. licheniformis (Sen and Satyanarayana 1993).
There were reports where lowering the aeration rate had caused a drastic reduction in the protease yields (Moon and
Parulekar, 1991). Therefore our results support these findings (Sepahy and Jabalameli, 2011; Nejad et al., 2009; Liu
and Tzeng, 1998; Gupta et al., 1999; Banerjee et al., 1999; Joo et al., 2002; Asokraja et al., 2012; Nadeem et al., 2006;
Akcan and Uyar, 2011; Kumar, 2002; Beg et al., 2003). This indicates that oxygen supply is an important limiting
factor for growth as well as for protease synthesis.

International Journal of Applied Biology and Pharmaceutical Technology Page: 209
Available online at www.ijabpt.com




Aruna and Radhika Coden : ITABPT, Copyrights@2014, ISSN : 0976-4550

The enzyme was produced at the temperature between 30°C and 55°C but the maximum production of protease by
Bacillus tequilensis was obtained at 30°C and no growth was observed at 65°C (Figure 6). Similar results were
reported for Bacillus sp. B21-2 (Fujiwara et al., 1991), Bacillus pantotheneticus (Shikha et al., 2007), Bacillus
polymyxa (Maal et al., 2009), Bacillus licheniformis and Bacillus coagulans (Asokan and Jayanthi, 2010). Studies by
Frankena et al. (1986) showed that a link existed between enzyme synthesis and energy metabolism in bacilli, which
was controlled by temperature and it varied from organismto organism.It was reported that the maximum protease
production was achieved at 45°C (Manachini et al., 1988; Sen and Satyanarayana, 1993), while 60°C was the best
temperature for protease production in case of B. subtilis PE-11and B. Stearothermophilus F1 (Adinarayana et al.,
2003; Rahman et al., 1994). Subsequently, 37°C was found to be the best temperature for protease production for
certain Bacillus sp.viz. B. firmus (Moon and Parulekar, 1991), Bacillus circulans MTCC 7942 (Patil and Chaudhari,
2013), Bacillus proteolyticus CFR3001(Bhaskar et al., 2007), Bacillus firmus (Vadlamani and Parcha,, 2012), Bacillus
mojavensis (Beg et al., 2003), Bacillus aquimaris (Shivanand and Jayaraman, 2009), Bacillus subtilis RSKK96 (Akcan
and Uyar 2011), Bacillus clausii GMBAE 42 (Kazan et al., 2005), Bacillus stratosphericus (Bindu and Reddy et
al.,2013), B. amovivorus (Sharmin et al., 2005)and Bacillus coagulans PSB-07 (Olajuyigbe and Ehiosun, 2013).

The culture pH also strongly affects many enzymatic processes and transport of various components across the cell
membrane (Moon and Parulekar, 1980). The enzyme was produced between pH 8 and pH 12 but the maximum
production of protease by Bacillus tequilensis was obtained at pH 10 (Figure 7). It indicated that that Bacillus
tequilensis can be classified as alkaliphilic Bacilli, since alkaliphiles are defined as organisms that grow optimally at
alkaline pH, with pH optima for growth being in excess of pH 8 and some being capable of growing at pH > 11
(Horikoshi, 1999; Grant and Jones, 2000). For increased protease yields from these alkaliphiles, the pH of the medium
must be maintained above 7.5 throughout the fermentation period (Aunstrup, 1980). Past researchers have also
reported the pH 10 value similar to our results for maximum protease production by Bacillus species viz. Bacillus
circulans MTCC 7942 (Patil and Chaudhari, 2013), Bacillus licheniformis B18 (Lakshmi, 2013), Bacillus subtilis strain
VV (Vijayaraghavanet al., 2012), Bacillus licheniformis BBRC 100053 (Nejad et al., 2009), B. pantotheneticus
(Shikha et al., 2007), Bacillus licheniformis and Bacillus coagulans (Asokan and Jayanthi, 2010). However, the
maximum yield of protease at pH 9 was reported by some strains of Bacilli such as Bacillus proteolyticus CFR3001
(Bhaskar et al., 2007), Bacillus cereus (Uyar et al., 2011), Bacillus flexus (Verma et al., 2013), Bacillus subtilis
RSKK96 (Akcan and Uyar, 2011). Bacillus horikoshii (Joo et al., 2002), Bacillus sp. AGT (Asokraja et al., 2012),
while some strains have optimum pH11 for Bacillus sp. 1-312 (Joo and Chang, 2005), B. cohnii APT (Tekin et al.,
2012) and pHS8 and 8.5 for Bacillus coagulans PSB-07 (Olajuyigbeand Ehiosun, 2013) and B. amovivorus (Sharmin et
al., 2005) respectively.

Among the various carbon sources, B.tequilensis produced maximum protease (73.60U/ml) in presence of 1% maltose
whereas 1% xylose repressed the protease yield (10.30U/ml) while other sugars showed almost the same yield as that
of maltose (Figure 8). Parallel results were reported where maltose was optimum sugar for protease yield in caseof
certain strains of bacteria such as Bacillus subtilis strain VV (Vijayaraghavan et al., 2012), Bacillus licheniformis
NCIM 2044 (Sathyavrathan and Kavitha, 2013), Bacillus sp. (Prakasham et al., 2006), Bacillus sp. strain CR-179
(Sepahy and Jabalameli, 2011), Bacillus sp. APP1 (Chu,2007), Bacillus licheniformis BBRC 100053 (Nejad et al.,
2009), B. amyloliquefaciens PFB-01 (Olajuyigbe and Ogunyewo,2013), Bacillussp. AGT (Asokraja et al., 2012),
Bacillus licheniformis BI8 (Lakshmi, 2013) and Thermoactinomyces sp. HS682 (Tsuchiya et al., 1991). Johnvesly and
Nailk (2001) showed that1% glucose as well as xylose (w/v) repressed completely the synthesis of alkaline protease in
Bacillus sp. JB- 99. However, in the present study glucose was found to be a relatively good carbon source for enzyme
production but xylose repressed the protease synthesis. The Bacillus sp. SMIA-2 was also reported to be capable of
utilizing a wide range of carbon sources but it also produced lower yield of protease in presence xylose (Nascimento
and Martins, 2004).On the contrary Bacillus subtilis strain AKRS3 was found to produce optimum production of
protease in presence xylose (Ravishankar et al., 2012).When different concentrations of maltose used, B.tequilensis
exhibited maximum yield of protease in presence of 5% maltose (Figure 9).

Results revealed that complex nitrogen sources better supported alkaline protease production over inorganic nitrogen
compounds. B.tequilensis exhibited maximum yield of protease 75.80U/ml and 66.33U/ml in presence organic nitrogen
source 1% peptone and inorganic nitrogen source 0.5% KNOsrespectively (Figure 10 ). However, 0.5% of sodium
nitrate and ammonium nitrate repressed the yield of protease. To optimize the peptone concentration as nitrogen source
for the production of alkaline protease production, experiments were conducted with increase in peptone
supplementation in the medium. The results indicated that the increase in protease production was marginal with
increase in peptone concentration in the medium (10% increase with peptone concentration from 1 to 5%) (Figure 11).
Vijayalakshmi et al. (2013) reported peptone has increased the protease production in B.subtilis and B.licheniformis.
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Similar observations were also noticed in case of protease production by different microbial species (Prakasham et al.,
2006; Sathyavrathan and Kavitha, 2013; Pandey et al., 2000; Nejad et al., 2009; Lakshmi, 2013; Fujiwara and
Yamamoto, 1987; Cheng et al., 1995; Shivanand and Jayaraman, 2009; Chu, 2007). However, peptone was reported to
be the poorest organic nitrogen source for alkaline protease production for Bacillus brevis (Banerjee et al., 1999),
Sinha and Satyanarayana (1991) observed that an increase in protease production by the addition of potassium nitrate
in thermophilic B. licheniformis which was in accordance with our results. In current studies ammonium nitrate has
repressed the protease yield. Readily metabolizable nitrogen ions such asammonium ion concentrations in medium will
repress the enzyme synthesis (Kumar and Takagi, 1999). However, there were reports where replacement of sodium
nitrate in the basal medium with ammonium nitrate has increased enzyme production even more (Phadatare et al.,
1993). From an industrial prospective, the protease must exhibit considerable activity at high pH(s). The crude protease
produced by B.tequilensis had maximum enzyme activity (78.40U/ml) at pH 9.0 while it was only marginally low at 6,
7, 8 and 10 pH as compared to pH 9 (Figure 12).These results were in accordance with results from Bacillus sp. strain
CR-179 (Sepahy and Jabalameli, 2011), Bacillus licheniformis RPk (Fakhfakh et al., 2009), B.subtilis WIFD5 (Sharma
and Aruna, 2012), G. caldoproteolyticus (Chen et al., 2004),Bacillus subtilis SHS-04 (Olajuyigbe et al., 2013) Bacillus
horikoshii (Joo et al., 2002), B. subtilis 50a and B. licheniformis 50b (Azlina and Norazila, 2013), Bacillus
licheniformis LHSB-05 (Olajuyigbe and Kolawole, 2011) and B. laterosporus AK-1(Arulmani et al.,2007). The
optimal pH for other Bacillus bacteria reported in literature ispH 10.0 for Bacillus subtilis strain VV (Vijayaraghavan
et al., 2012), Bacillus subtilis (Ahmed et al., 2010) and Bacillus licheniformis BI8 (Lakshmi, 2013) and pH 7 for
Bacillus mojavensis (Beg et al., 2003) and Bacillus laterosporus (Usharani and Muthuraj, 2010).

Enzyme activity was found to be higher at incubation temperature 30°C and remained almost same at 35°C and 45°C
then declined to 50% when temperature was 85°C (Figurel3).In literature, optimum temperature was reported to be
30°C for B. sphaericus (Singh et al., 2001a).The optimum temperature of alkaline proteases ranges from 50 to 70°C
(Kumar and Takagi, 1999). Past researchers reported optimum temperature for protease activity 45°Cfor Bacillus
horikoshii (Joo et al., 2002), 40°C for Bacillus sp. SSR1 (Singh et al., 2001b), 55°C for B.subtilis WIFDS5 (Sharma and
Aruna, 2012), 60°C for Bacillus clausii I-52 (Joo et al., 2003),70°C for Bacillus sp. SB5 (Gupta et al., 1999) and 85°C
for B. stearothermophilus F1 (Rahman et al., 1994).

There is a great industrial demand for the organic solvent tolerant proteases for application in the synthesis of useful
products in the presence of organic solvents (Gupta and Khare, 2007).Enzymes are usually inactivated by the addition
of organic solvents to the reaction solution. Protease activity of B.tequilensis was enhanced in the presence of
isopropanol (108.54% residual activity). More than 70% activity retained for acetone, Butanol, Methanol and ethanol.
The 83% inactivation was observed in case of benzene for protease (figure 14). Parallel results were obtained for a
purified protease from Pseudomonas aeruginosa PseA strain which was stable in the presence of some organic
solvents but unstable in benzene (Gupta and Khare, 2007).However, the protease from B. amyloliquefaciens PFB-01
showed good stability in the presence of isopropanol and benzene with residual activity of 63.5 and 62.1% (Olajuyigbe
and Ogunyewo, 2013). But the protease from Bacillus licheniformis NH1 has earlier been reported was unstable in the
presence of isopropanol with 12% residual activity (Hmidet et al., 2009). The protease activity of B.tequilensis was
enhanced with addition of Ca" and Mg ions resulting in the residual activity of 105 and 107%respectively while
other metal ions Zn?, Cd”Na'andK" resulted more than 60% residual activity whereas Hg™ exhibited 12.45%
residual activity (Figure 15). Similar results were also reported in case of proteases fromB. cohnii APT(Tekin et al.,
2012), Bacillus sp. PCSIR EA-3 (Qadar et al. 2009), Bacillus licheniformis RSP-09-37(Sareen and Mishra, 2008), B
subtilis PE-11(Adinarayana et al., 2003), B.subtilis WIFD5 (Sharma and Aruna, 2012) and Bacillus sp. strain SMIA-2
(Nascimento and Martins, 2004) where activity of the enzyme was enhanced by Ca®". However, Bajaj and Jamwal
(2013) reported that protease from Bacillus pumilus D-6 was not inhibited by Hg®* and Agel et al.(2012) reported that
protease from Bacillus strain HUTBS62 was inhibited by Cd™ Metal chealtors like EDTA exhibited 71.5% residual
activity suggesting the type of protease produced by B.tequilensis was of non metallo protease. The stability and
compatibility of novel microbial proteases are important criteria for addition in detergent preparations (Kumar and
Takagi, 1999). Studies on the effects of various surfactants on protease activity of B.tequilensis revealed that upon
incubation with Tween-20, Triton X-100, the enzyme showed enhanced residual activities 102% and 108%
respectively while other surfactants including commercially available detergents (Surf excel, Ariel and Surf blue)
exhibited more than 90% residual activity except SDS which showed 60% residual activity (Figure 16). There are
similar reports, in the case of Bacillus subtilis, Bacillus mojavensis and Bacillus RV.B2.90 giving higher activity with
non ionic surfactant and reduction with ionic surfactant (Wang and Yeh, 2006; Beg et al., 2003;Vijayalakshmi et al.,
2013). Thus, this protease showed a compatibility with commercial detergents.
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For protease based detergent formulations, the enzyme should have the capability to tolerate oxidizing agents. Protease
residual activity of B.tequilensis was 127% in presence of 2% H,0, (Figure 17). Hence, the enzyme showing extreme
stability towards oxidizing agents is of immense commercial significance for detergent industry because peroxides are
common ingredients of modern bleach-based detergent. Previous reports on stability of alkaline protease from Bacillus
clausii 1-52 (Joo et al., 2003), B. licheniformis N-2 (Nadeem et al., 2008), Bacillus licheniformis P003 (Sarker et al.,
2013), Bacillus mojavensis (Beg et al., 2003), and Bacillus sp. I-312 (Joo and Chang, 2005) exhibited enhanced
residual activity in presence of H,O,.
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Figure 13: Effect of temperature on protease activity of Bacillus tequilensis
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Figure 14: Effect of different solvents on protease activity of Bacillus tequilensis
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Figure 15: Effect of different metal ions on protease activity of Bacillus tequilensis
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Figure 16: Effect of different surfactants on protease activity of Bacillus tequilensis
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Figure 17: Effect of different concentration of H,O, on protease activity of Bacillus tequilensis

Table 1: Purification of Enzyme

S Protein conc. | Enzyme activity| Specific activity L S
Purification step (mg/ml) (U/ml) Uimg Activity % | Purification fold
Crude enzyme 8.2 80.98 9.86 100 1
Ammonium 5.9 69.41 11.76 85.71 1.19
sulphate precipitate

Purification of the enzyme was obtained at 80% saturation using ammonium sulphate after dialysis which was then
used to determine its role as a potential detergent additive (Table 1). By applying 80% ammonium sulphate
precipitation, over 85.71% of the total protease in the culture filtrate was salted out. Purification achieved with
ammonium sulphate was 1.19 fold. This procedure not only facilitated the effective removal of the impurities existing
in the culture fluid, it also concentrated the enzyme preparation to a workable volume.

As the protease from B. tequilensis showed activity in a broad pH range, broad temperature conditions and
compatibility with various surfactants and solvents as well as oxidizing agent; its application as a detergent additive
was studied on white cotton pieces stained with human blood (Figure18 A, B, C and D). It was found that there was
better stain removal from the stained cotton piece that was supplemented with enzyme plus detergent (brand name
Ariel) than the stained cotton piece that was supplemented with the detergent alone after incubation at 55°C for 15
minutes in a water bath (Figurel8 C and D).
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Figure: 18: A- control- Dried blood stained cloth;

B-D/W control- Blood stained cloth rinsed in distilled water; C-Ariel-Blood stained cloth rinsed in Ariel
detergent solution; D-Ariel+E1-Blood stained cloth rinsed in Ariel detergent + protease enzyme produced by
B.tequilensi

This provided with the evidence that the enzyme under consideration has a potential detergent action. The use of
proteases in laundry detergents particularly accounts for approximately 25% of the total worldwide sales of enzymes.
The detergent proteases work best by hydrolyzing large insoluble proteins. Proteins are initially removed from the
fabric surface either by components of detergent matrix or by water alone. Depending upon the size of the resulting
fragments, they are either solubilized into the bulk solution, or they deposit themselves back into the fabric. Hence, the
best detergent enzyme provides improved substrate hydrolysis, resulting in better stain removal and anti-redeposition
benefits (Hmidet et al., 2009). The obtained result demonstrated that crude enzyme from B.tequilensis can effectively
remove blood stains. Similar observations were done where proteases from B.Subtilis WIFD5 (Sharma and Aruna,
2012), Bacillus cereus (Kanmani et al., 2011), Bacillus circulans (Rao et al., 2009), Bacillus circulans BM15
(Venugopal and Saramma, 2007),Bacillus pumilus CBS (Jaouadi et al., 2008), Paenibacillus tezpurensis sp. (Rai et
al.,2010), Bacillus brevis (Banerjee et al.,1999), Bacillus mojavensis A21 (Haddar et al.,2010), Bacillus subtilis DM-04
(Rai and Mukherjee, 2010), Bacillus licheniformis RSP-09-37 (Sareen and Mishra, 2008) and Bacillus subtilis (Kumar
et al.,2012) were used along with detergents to remove the blood stains from fabric. Therefore, B.tequilensis enzyme
preparation containing protease activity could be considered as a potential candidate for use as a cleaning additive in
detergents to facilitate the release of proteinaceous stains. However, caution must also be exercised in the source of
enzymes to be used as detergent additives as some of them might cause allergic reactions in humans (Anwar and
Salemudin, 1998).

CONCLUSION

From this study, it can be concluded that, the isolate Bacillus tequilensis strain SCSGABO0139 obtained from spoilt
cottage cheese sample can be a potential source of alkaline protease for use in various industrial applications. The
enzyme had its optimum activity at high pH and is stable upto 45°C. In addition, it also exhibited compatibility with
different detergents and proved to be excellent in removing stains from fabric. Thus, it can be a potential candidate for
detergent formulations.
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