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Abstract 
Thermophilic Bacillus sp. GUS1, isolated from  a soil
sample obtained from citrus garden, produced at least
three proteases as detected by sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
zymogram analysis. The enzymes were stable in the
alkaline pH range (8.0-12.0), with the optimum temper-
ature and pH range of the proteases being 70ºC and
6.0-12.0, respectively. All three proteases were also
highly stable at 70ºC. After 60 min of incubation at
70ºC, the enzymes retained 100% of their original
activities. Enzymes were mostly inhibited by phenyl-
methylsulfonyl fluoride (PMSF), however 80-90%
enzyme activities were retained in presence of 2-mer-
captoethanol and iodoacetate. Addition of SDS and
ethylene diamine tetraacetic acid (EDTA) also margin-
ally influenced protease activities, but addition of Ca2+

to the proteases did not bring about any change. The
results suggeste that most of these proteases were not
metalloproteases, but Ca2+-independent serine alka-
line proteases.
Keywords: Bacillus sp.; Alkaline serine proteases;
Thermostability Resistance to EDTA and SDS 

INTRODUCTION

Extracellular proteases are involved in the hydrolysis

of proteins in cell-free environments and enable the

cell to absorb and utilize hydrolytic products (Kalisz,

1988). At the same time, such enzymes have also been

commercially exploited to assist protein degradation

in various industrial processes (Gupta et al., 2002a;

Kumar and Takagi, 1999). Hence, proteases are

among the most important industrial enzymes

accounting for nearly 60% of the total world-wide

enzyme sales (Mala et al., 1998). Most commercially

available proteases, mainly neutral and alkaline, are

produced by organisms belonging to the genus

Bacillus (Schallmey et al., 2004). Alkaline proteases

secreted by both neutrophilic and alkalophilic bacilli

are of particular interest due to their wide applications

in laundry detergents, leather processing, protein

recovery or solubilization, organic synthesis, meat ten-

derization, production of certain oligopeptides, and

recovery of silver from used X-ray films (Saeki

Katsuhisa  et al., 2007; Gupta et al., 2002a; Anwar and

Saleemuddin, 1998; Mala et al., 1998). In recent

investigations (Moradian  et al., 2006; Sajedi et al.,
2005; Sajedi  et al.,  2004) attempts were made to iso-

late certain industrial enzymes from newly isolated

strains in Iran have been reported. In the present study,

the efficiency of alkaline proteases recovered from

Bacillus isolate was investigated.

Proteolytic enzymes produced by Bacillus sp.

GUS1 were not only active at high temperatures but

were also alkaline-stable and active in a wide range of

pH. The enzymes were characterized to exploit their

potential for use as effective additives in the detergent

industry. The alkaline proteases produced by the

GUS1 strain showed resistance to SDS and EDTA, and

did not require Ca2+; therefore, they have the potential

of being used as detergent additives. 
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MATERIALS AND METHODS

Isolation and identification of microorganisms: Soil

was collected from a citrus garden in Fasa, Fars

province of Iran. Ten grams of air-dried soil sample

was added to 90 ml of sterile water in an Erlenmeyer

flask. The flask was then heated in a water bath for 10

min at 80ºC while the contents were agitated.

Subsequently, 1 ml of the suspension was added to 9

ml of sterile distilled water and a serial dilution (10-1-

10-8) was prepared. One ml of each dilution was added

and distributed onto skim milk agar plates containing

peptone (0.1% w/v), NaCl (0.5% w/v), agar (2.0%

w/v), and skim milk (10% w/v) and the pH was adjust-

ed to 8.0.  Plates were incubated at 50ºC for 24-72 h,

different colony types were chosen and purified. The

isolates were then screened by the skim milk protein

hydrolysis test. Hydrolysis was recorded when clear

zones appeared around the colonies. The promising

strains were further examined for morphological,

physiological and biochemical characteristics with ref-

erence to Bergey’s Manual of Systematic Bacteriology

(Sneath, 1986) and the Color Atlas of Bacillus species

(Pany et al., 1983). 

PCR amplification and 16S rDNA sequencing:

Genomic DNA was extracted and purified according

to Sambrook and Russell (2001) and its purity was

spectrophotometrically assessed by the A260/A280

ratio. The universal 16S rDNA primers; forward (5´-

AGTTTGATCCTGGCTCAG-3´) and reverse (5´-

GGC/T TACCTTGTTACGACTT-3´) were used for

amplification of the 16S rDNA gene (Desantis et al.,
2003; Weisburg et al., 1991). Amplification of DNA

was carried out with a DNA thermal cycler (Applied

Biosystem, UK) under the following conditions: ini-

tial denaturation at 94ºC for 5 min; 30 cycles of

denaturation at 94ºC for 45 sec, annealing at 48ºC  for

45 sec, extension at 72ºC  for 90 sec, and a final

extension at 72ºC for 5 min. The amplified PCR

product was analyzed on an agarose gel, purified and

sequenced on both strands directly by SEQ-LAB

(Germany) according to the super long run (>800

bases).

Nucleotide sequence accession number: The

nucleotide sequence data were submitted to GenBank

at NCBI, (http://www.ncbi.nlm.nih.gov/) under the

accession number EU183349.

Culture conditions and partial purification of pro-

tease: Two media were studied for alkaline protease

production. The first containing glucose 0.5%,

Peptone 0.75%, MgSO4,7H2O 0.5%, KH2PO4 0.5%

and FeSO4,7H2O 0.01% (w/v) and the second contain-

ing citric acid 1%, NaNO3 1%, MgSO4.7H2O 0.03%,

K2HPO4 0.5%, CaCl2.2H2O 0.02%, NaCl 0.5%,

Na2CO3 1% (w/v). The pH of the two media was

adjusted to 8. Incubation was carried out at 40ºC with

agitation at 140 rpm and at different times ranging

from 24-72 h. After 24-72 h, the media were cen-

trifuged at 5000 ×g for 20 min at 4ºC. The cell-free

supernatants were precipitated with 85% ammonium

sulfate for 3 h at 4ºC and the pellets were dissolved in

small quantities of 20 mM Tris-HCl buffer, pH 7.4 and

then dialyzed for 6 h against the same buffer. The par-

tially purified enzymes were used for further studies.

Protease assay: Protease activity was determined by

the modified method of Kembhavi and Kulkami

(1993). Supernatant (0.15 ml) was added to a tube con-

taining 0.3 ml of 1% (w/v) casein (dissolved in 20 mM

Tris-HCl buffer, pH 7.4) and incubated at 37ºC for 30

min. Subsequently, 0.45 ml of a 10% (w/v)

trichloroacetic acid solution (final concentration of 5%

(w/v)) was added to stop the proteolysis. The mixture

was incubated at room temperature for 1 h. After incu-

bation the reaction mixture was centrifuged at

12000 ×g for 5 min, and the absorbance of the super-

natant was measured at 280 nm. One unit of protease

is defined as the amount of enzyme that hydrolyses

casein to produce equivalent absorbance to 1 µmol of

tyrosine/min with tyrosine as standard.

Effect of pH on enzyme activity and stability: The

optimum pH of the protease was determined with 1%

(w/v) casein (as substrate) dissolved in a mixed buffer

containing citrate, phosphate, Tris-HCl, and glycine

(50 mM each). The pH stability of the protease was

established by incubating the enzyme in above mixed

buffers of different pH values in the range of 8.0-12.0

for 5, 15, 30, 60 min at room temperature. Aliquots

were withdrawn and proteolytic activity was deter-

mined at pH 8.0 and room temperature.

Effect of temperature on enzyme activity and sta-

bility: The activity of the enzyme was determined by

incubating the reaction mixture at different tempera-

tures ranging from 20 to 90ºC. The irreversible ther-
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moinactivation of each enzyme was examined by incu-

bating the enzyme for different periods of time ranging

from 0-60 min and then cooling on ice. Finally, the

residual activity was determined under the abovemen-

tioned assay conditions.

Effect of inhibitors, sodium dodecyl sulfate, and

Ca2+: The effects of various protease inhibitors such

as the serine inhibitor (Phenylmethylsulfonyl fluoride

[PMSF], cysteine inhibitors (iodoacetate, 2-mercap-

toethanol), Ca2+ ion and a chelator of divalent cations

(ethylene diamine tetraacetic acid [EDTA]) were

investigated. After 30 min of preincubation of

inhibitor with enzymes at room temperature, residual

protease activity was measured by the standard assay

method.

Polyacrylamide gel electrophoresis (SDS-PAGE)

and zymogram analysis: SDS-PAGE was carried

out using a 12.5% (w/v) running gel by the method of

Laemmli (1970). For zymography, 0.5% (w/v) gela-

tin was co-polymerized with the running gel and

samples were then loaded onto the gel without heat-

ing followed by electrophoresis with 100 V at 4ºC.

Following electrophoresis, the gel was incubated in

2.5% (v/v) Triton X-100 (renaturing solution) for 30

min at room temperature with gentle agitation, then

was decanted and replaced with developing buffer

(50 mM Tris, 0.2 mM NaCl, and 5 mM CaCl2, pH

8.0). The gel was equilibrated for 30 min at room

temperature with gentle agitation, then was decanted

and replaced with developing buffer and incubated at

37ºC for at least 4 h. The gel was stained with

Coomassie Brilliant Blue G-250 or R-250 (both at

0.5% (w/v)) for 30 min and finally destained.

RESULTS

Identification of bacteria and 16S rDNA Analysis:

All bacterial strains were spore forming, Gram-posi-

tive and rod shaped. They were screened for alkaline

protease activities at 50ºC. From a large collection, 4

strains were selected for further experimental studies.

Finally, the isolate GUS1 was selected as the most

potent producer of alkaline proteases. It was catalase-

positive and capable of using sodium citrate and sodi-

um propionate as the sole carbon source. It was also

able to grow in nutrient media containing salt at var-

ious concentrations (up to 15% (w/v)). The strain was

able to grow at temperatures as high as 50ºC. The

combination of morphological, physiological, and

biochemical data suggested that this strain belonged

to the Bacillus species.

The PCR amplification and sequencing of the 16S

rDNA gene of strain GUS1 was also carried out. The

product of PCR amplification was approximately 1500

bp (Fig. 1). 16S rDNA sequence was edited to a total

length of 668 bp. Multiple sequence alignments were

carried out using 16S rDNA sequences of 15 type

strains. 16S rDNA sequences from the Bacillus species

were obtained from the NCBI (http://

www.ncbi.nlm.nih.gov/) and the hypervariable multi-

ple sequence alignments were carried out with

ClustalW version 1.82 (Goto et al., 2000). A phyloge-

netic tree was constructed by the neighbor-joining

method (data not shown). Multiple alignments and the

phylogenetic tree showed that the GUS1 strain was

closely related to Bacillus licheniformis.

The GUS1 strain grew at fast rate and exhibited

maximum production of extracellular proteases after

48 h of growth. It could also grow at 35-50ºC, but the

best temperature for protease production was 40ºC

(Fig. 2). Protease activity measurements from culture

supernatants showed enzyme production increase by

approximately 6-fold when using the first production

medium (203 IU/ml) as compared to the second one

(32 IU/ml). Hence, the first production medium was

employed for subsequent experiments.

The zymogram analysis of partial purified crude

extract by 85% ammonium sulfate indicated the pres-

Figure 1. PCR product of 16S rDNA gene on 1% agarose gel. Lane

1, DNA size marker; lane 2, PCR product.



ence of at least three proteases. By staining the zymo-

gram gel with Coomassei Brilliant Blue G-250, well

resolved and clear marker bands appeared, hence the

molecular weights of the proteases could be estimated

by comparing the darkness of the bands (Fig. 3). The

molecular weights of the proteases were approximate-

ly 30-47 kDa.

Effect of pH and temperature on protease activity

and stability: The influence of temperature and pH

on the activity of enzyme is shown in Fig. 4A. Two

pH optima for alkaline proteases secreted by

Bacillus sp. GUS1 were observed at 7 and 10. The

result indicates that the crude enzyme contains sev-

eral proteases. In addition, pH stability was deter-

mined by incubating the enzyme at different pH val-

ues in the range of 8.0-12.0 for different periods of

time, at room temperature. The proteases were stable

between pH 8.0-12.0 and retained more than 65% of

their initial activities after 1h incubation even at pH

12.0 (Fig. 4B). Maximum stabilities were observed

at a pH range of 8.0-10. 

Alkaline proteases from Bacillus sp. GUS1 were

shown to be optimally active at 70ºC (Fig. 5A).

Thermostability was examined by incubating the

enzyme at 70ºC for different time periods. As
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Figure 2. Effect of temperature on protease production. Incubation

was carried out with agitation at 140 rpm and different temperatures

for 48 h. 

Figure 3. Zymogram of alkaline proteases from Bacillus sp. GUS1

stained with Coomassei Brilliant Blue G-250. 

Figure 4. (A) Effect of pH on protease activity. Activities were deter-

mined in the mixed buffers adjusted to different values of pH at room

temperature. The relative activities were based on the ratio of the

activity obtained at a certain pH to the maximum activity obtained at

that range and expressed as a percentage. (B) pH stability of

Bacillus sp. GUS1 proteases at alkaline conditions for 5 (�), 15 (�),

30 (�), and 60 (�) min. The experiments were carried out by incu-

bating the enzymes in the mixed buffers of different pH in the range

of 8.0 to 12.0 for various times at room temperature. Aliquots were

removed and proteolytic activities were determined at pH 8.0 and

room temperature. The activity of the enzyme before incubation was

taken as 100%.
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shown in Fig. 5B, after 60 min of incubation at

70ºC, the enzymes retained 100% of their original

activities. However, some activation could be seen

for alkaline proteases particularly after 30 min of

incubation. 

Effect of inhibitors, sodium dodecyl sulfate and

Ca2+: The effects of different reagents at different con-

centrations on the activities of the proteolytic enzymes

were studied (Table 1). Zymogram analysis was also

used to confirm the effects of these reagents (Fig. 6).

Chemical reagents (mM) Relative activity

Ca2+

1

5

10

SDS

1

5

10 

EDTA

1

5

10

PMSF

1

5

10

Iodoacetate

1

5

10 

2-mercaptoethanol

1

5

10 

1.0

1.0

1.0

0.90

0.90

0.76

0.93

0.83

0.87

1.0

0.20

0.20

0.82

0.88

0.72

0.95

0.91

0.90

Figure 5. (A) Effect of temperature on protease activity. Activities

were determined in 20 mM Tris-HCl buffer, pH 7.4 at different

temperatures. The relative activities were based on the ratio of

the activity obtained at a temperature to the maximum activity

obtained at that range and expressed as a percentage. (B)

Irreversible thermoinactivation of alkaline proteases from Bacillus
sp. GUS1 at 70ºC. The enzyme samples were incubated at 70ºC,

and at the different times; samples were removed and cooled on

ice and activities determined in the usual manner. Activity of the

same enzyme solution kept on ice was considered as a control

(100%). 

Figure 6. Zymogram of alkaline proteases from Bacillus sp. GUS1

stained with Coomassei Brilliant Blue R-250. lane 1, proteases in

Tris buffer as a control;  lane 2, in presence of Ca2+; lane 3, in pres-

ence of PMSF; lane 4, in presence of EDTA and lane 5, in presence

of 2-mercaptoethanol. For more details see Materials and Methods.

Table 1. Effects of various inhibitors and metal ions on activity of

Bacillus sp. GUS1 proteases. Ca2+ was added as a chloride salt and

EDTA and iodoacetate were used as sodium salts.
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DISCUSSION

Protease production is an inherent property of all

organisms and such enzymes are generally constitutive

or partially inducible. Proteases are largely produced

during the stationary phase and thus are generally reg-

ulated by carbon and nitrogen stress (Beg et al., 2002;

Gupta et al., 2002b; Kalisz, 1988). Protease produc-

tion is often related to the sporulation stage in many

bacilli, such as Bacillus subtilis (O’Hara and

Hageman, 1990) and B. licheniformis (Hanlon and

Hodges, 1981). 

In the present study, alkaline proteases were extract-

ed from a locally isolated strain, Bacillus sp. GUS1.

The molecular weights of the proteases were estimat-

ed to be between 30-47 kDa, based on the zymogram

gel stained by Coomassei Brilliant Blue G-250.

The results of pH studies indicate a broad pH range

(5.0-12.0) for these enzymes at room temperature (Fig.

4A). These results are in accordance with several ear-

lier reports showing pH optima being close to pH 10.0

(Patel et al., 2006; Genckal and Tari, 2006; Beg and

Gupta, 2003; Banerjee et al., 1999). This range of opti-

mum catalysis, however, is relatively wide as com-

pared to most previous reports (Patel et al., 2006;

Ghorbel et al., 2003; Banerjee et al., 1999). Generally,

commercial proteases from microorganisms have

maximum activities in the alkaline pH range of 8.0-

12.0 (Ghorbel et al., 2003; Singh et al., 2001;

Mehrotra et al., 1999). The proteases from Bacillus sp.

GUS1 are very stable between pH 8.0-12.0. Maximum

stabilities were observed at a pH range of 8.0-10. The

alkaline protease from Bacillus sp. NCDC 180,

Bacillus sp. JB-99 and Bacillus sp. SSR1 have also

been reported to be stable at the above pH range

(Johnvesly and Naik, 2001; Singh et al., 2001; Kumar

et al., 1999). The results of this study differ from those

of Bacillus sp. Ve1 and Bacillus brevis which exhibit a

sharp decline in alkaline protease stability at pH 11.0

and 12.0, respectively (Patel et al., 2006; Banerjee et
al., 1999).

Alkaline proteases from Bacillus sp. GUS1 were

shown to be optimally active at 70ºC; similar to

Bacillus thermophilic alkaline proteases reported earli-

er (Hawumba et al., 2002; Johnvesly and Naik, 2001;

Hutadilok-Towatana et al., 1999). The proteases from

Geobacillus sp. PA-9, B. mojavensis, and Bacillus sp.

SSR1 have been shown to exhibit a low optimum tem-

perature of 65, 60, and 50ºC, respectively (Beg and

Gupta, 2003; Hawumba et al., 2002; Singh et al.,
2001). The higher optimum temperature of 70ºC has

been reported for alkaline proteases belonging to

Bacillus stearothermophilus F1 and Bacillus sp. JB-99

(Johnvesly and Naik, 2001; Rahman et al., 1994).

The alkaline proteases produced by the GUS1 strain

are highly stable at 70ºC. After 60 min of incubation at

70ºC, the enzymes retained 100% of their original

activities. Note that in the case of a thermophilic

enzyme, activation is obtained, presumably owing to

induction of flexibility in its relatively rigid structure

(Khajeh et al., 2001; Sundaram et al., 1980). Such

activation by incubating the enzyme at high tempera-

tures has also been reported in a thermophilic alpha-

amylase (Laderman et al., 1993). The present results

show that proteases are highly themostable and sug-

gest that they have good thermal stability as compared

to previous findings (Patel et al., 2006; Ghorbel et al.,
2003; Banerjee et al., 1999; Gupta et al., 1999). All

currently used detergent enzymes are alkaline and

thermostable in nature and possess high pH optima.

The most commercially available subtilisin-type pro-

teases are also active at pHs and temperature ranging

between 8.0-12.0 and 50-60ºC, respectively (Saeki

Katsuhisa  et al., 2007; Ghorbel et al., 2003; Gupta et
al., 2002a; Singh et al., 2001; Anwar and

Saleemuddin, 1998). 

Among the few inhibitors tested on the proteases

from Bacillus sp. GUS1, PMSF was the most potent,

while enzymes retained approximately 90% and 80%

of their activities in presence of 2-mercaptoethanol and

iodoacetate, respectively. PMSF inhibited total pro-

tease activity by up to 80%. In this regard, PMSF caus-

es  Sulphonation of the serine residues residing in the

active site of the protease and has been reported to

result in the complete loss of enzyme activity (Beynon

and Bond, 2001). Results suggest that most of the pro-

teases produced by Bacillus sp. GUS1 are serine alka-

line proteases. Total protease activity is retained by up

to 90% in the presence of 1mM EDTA and more than

80% in the presence of 5 and 10 mM of the chelator.

On the other hand, addition of Ca2+ dose not influence

the enzyme activity. These results suggest that the

enzymes are not metalloproteases and are Ca2+-inde-

pendent. The resistance of the enzymes in the presence

of EDTA and not requiring Ca2+ ions are advantages to

be used as additives in the detergent industry. It is

known that detergents containing high amounts of

chelating agents function as water softeners and assist

stain removal (Walsh, 2002). SDS also marginally

influenced protease activity. The proteases from

Bacillus sp. GUS1 retained 90% of their activities in 5
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mM SDS. Therefore these alkaline proteases are stable

against SDS. In the detergent industry, several chemi-

cal detergents are used to formulate industrial prod-

ucts, and hence detergent-stable enzymes are suitable

for such an industry (Walsh, 2002). The stability

toward SDS is important because SDS-stable alkaline

proteases from wild-type microorganisms are not gen-

erally known except for few reports from Bacillus
mojavensis, Bacillus sp. RGR-14, and Bacillus sp.

KSM-KP 43 (Beg and Gupta, 2003; Saeki et al., 2002;

Oberoi et al., 2001). The results obtained from the

above mentioned experiments in the presence of dif-

ferent reagents are supported by zymogram analysis

(Fig. 5). It is also worth mentioning that in most cases

of protease application in industry, the enzyme can be

used in a crude or partially purified form (Walsh,

2002).

In Conclusion, alkaline proteases isolated from

Bacillus sp. GUS1 are thermostable serine proteases.

They are stable at alkaline pH and at high temperature.

These enzymes are stable against ionic surfactants

such as SDS. One of the most important features of the

proteases from Bacillus sp. GUS1 are their retained

activities in presence of EDTA as well as no require-

ment for Ca2+ ions.  It is also very important to obtain

enzymes with high stabilities and activities under alka-

line pH and high temperature. Further experiments

purified proteases, including molecular genetic analy-

sis are required to understand the mechanism(s) by

which the enzymes resist SDS and EDTA effects.
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