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Introduction

Proteases belong to the class of enzymes which
have been most extensively studied by scientists from
various aspects (Beg and Gupta, 2003; Takami et al.,
1989). The reason is their increased hourly consump-
tion in various industries all around the world. Pro-
teases are degradative enzymes which catalyze the
total hydrolysis of proteins. They are grossly divided
into two major groups � exopeptidases and endopepti-
dases depending upon their site of action. Based upon
functional group at the active site, proteases are further
classified into four prominent groups, i.e., serine pro-
tease, aspartic proteases, cysteine proteases, and me-
talloproteases (Beynon and Bond, 1989). Purification
of proteases to homogeneity is a prerequisite to study
their mechanism of action and behavior. A number of
chromatographic techniques have been used to purify
proteases (Adinarayana et al., 2003; Chakrabarti
et al., 2000; Rawlings and Barrett, 1993) and many
proteases from Bacillus species have been purified
(Kang et al., 2001; Kim et al., 2001; Kobayashi et al.,
1996). However, much less work has been done on
proteases from this perspective in Pakistan.

The present work is based upon an extracellular
protease isolated from a previously reported Bacillus
subtilis EAG-2 strain. The aim of current study was to
characterize this highly productive strain and to find
its commercial potential, which might prove benefi-
cial for the emerging enzyme industry in south Asian
region as well as a useful addition to the existing
enzyme world. Small scale experiments indicated that
this enzyme exhibits a very high proteolytic activity
in cell free supernatant. So we aimed to purify this
specific protease. A combination of purification steps
have been used including ammonium sulfate precipi-
tation, ultrafiltration, DEAE-Sepharose chromatogra-
phy and gel filtration chromatography.

Experimental

Materials and Methods

For protease production cells (Bacillus subtilis
EAG-2) were grown using the same medium and cul-
ture conditions as described previously (Ghafoor and
Hasnain, 2009).
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Enzyme purification. The entire purification pro-
cedure was performed at 4°C, unless otherwise speci-
fied. A 36 hour old fermented culture was centrifuged
to obtain cell free enzyme solution at (16 000×g) for
40 minutes. The cell pellet was discarded and super-
natant was passed through 0.8 µm filter (Millipore,
UK). The enzyme extract was then subjected to am-
monium sulfate cut from 30�80% saturation. Final
precipitates were allowed to settle overnight at 4°C.
Precipitates were then collected by ultracentrifugation
at (30,000×g) for 40 minutes. Protein pellet so formed
was then dissolved in a small aliquot of 20 mM tris
buffer, pH 8.0. It was further dialyzed against the same
buffer overnight with four buffer changes. EAG-2
dialysate was concentrated by using membrane of
3 KDa (Amicon-Ultracel) at 4,000 rpm for 20�25 mi-
nutes at 2°C. For further purification sample was
loaded onto a DEAE-Sepharose Fast Flow column
(1.6×2.5 cm). The column was first washed with ana-
lytical grade water followed by equilibration with
buffer A (20 mM Tris, pH 8.0). Protein was eluted by
using buffer B (20 mM Tris, 0.5 M NaCl). Each 1 ml
fraction was collected over linear salt gradient for
40 ml and measured for protein content at 280 nm.
Active fractions were then pooled and desalted via
a PD-10 column (Amersham).

Activity assay and total protein. The total pro-
tein content of each purification step was determined
by bicinchonic acid assay (BCA, Sigma, USA) with
bovine serum albumin as standard. Enzyme activity
was checked by modified Kunitz method (1947).

SDS-PAGE Electrophoresis. 10% SDS gel was
prepared according to Laemmli (1970). A sample ali-
quot was prepared by mixing 10 µl of protein with
30 µl of sample buffer (62.5 mM Tris-HCl, 2% SDS,
10% glycerol pH 6.8) containing 100 mM DTT.
Samples were heat denatured for 3�5 min at 95°C.
Molecular weight was estimated by using phosphory-
lase b, bovine serum albumin, egg albumin, carbonic
anhydrase, isomerase and lysozyme as standards.

Zymography. Method 1: Activity gel was prepared
according to the method of Schmidt et al. (1988) with
some modifications. A 10% Polyacrylamide gel was
co-polymerized with 1% casein. The samples were
applied in non-reducing Laemmli buffer without de-
naturation and run at 100 V. The gel was rinsed twice
in 2.5% Triton-X-100 for 30 min, to remove SDS, and
was incubated in 50 mM Tris-HCl buffer (pH 8.0) for
1 h at 37°C. The gel was stained in 0.5% Coomassie
brilliant blue R-250 for 30 min followed by destain-
ing in a solution containing methanol, acetic acid,
water in ratio 50:10:40.

Method 2: A 10% polyacrylamide gel was pre-
pared according to Laemmli without SDS in sample
buffer under non reducing conditions. Electrophore-
sis was performed at 100 volts in Tris-Glycine buffer

(pH 8.8). Gel was then transferred to 1% casein-agar
plate and incubated for 35 minutes at 37°C in the pres-
ence of 50 mM tris buffer pH 8.5. Following incuba-
tion, the gel was removed and plate was stained with
Coomassie Blue G-250 to visualize activity zones.

Physico-chemical characters of purified pro-
tease. Maximum catalytic activity was studied by in-
cubating the enzyme with 1% casein as substrate. The
enzyme was incubated over a pH range from 6�10 at
37°C by using 50 mM sodium phosphate buffer for
pH 6.0�8.0; Tris-HCl buffer for 8.0�9.0 and Glycine-
NaOH buffer for pH 9.0�11.0. The optimum tempera-
ture for activity was determined by incubating enzyme
at 30�90°C at pH 8.5. The pH stability profile was
determined by pre-incubation of enzyme in buffer
systems at from 6.0�11.0 for 4 hours at 37°C.
Aliquots were withdrawn and residual proteolytic
activity was measured. Thermal stability enzyme was
measured by pre-incubating at pH 8.5 for 10�60 min-
utes at 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65° and 70°C.
Non-heated enzyme was considered as control (100%).

Effect of metals and inhibitors. Enzyme was co-
incubated with metals (Ca+2, Mg+2, Co+2, Fe+3, Na+,
Zn+2, Cu+2, Mn+2, Ni+2, Ba+2) at 5 mM conc. The in-
hibitors used in the study included iodoacetamide,
APMSF, PMSF, pepstatin, leupeptin, EGTA an EDTA.
Commercially available Alcalase and Esperase were
also used for comparison.

Enzyme-substrate relationship. To study time-
course activity relationship Different substrates in-
cluding casein, ovalbumin, gelatin, chicken albumin
and hemoglobin were used. 1% Buffered solution of
each substrate was prepared and incubated with puri-
fied enzyme over a time range of 10�70 minutes. The
rate of proteolysis was measured by Kunitz method
in triplicate for each time interval.

Results

Protease purification. Initially, the strain was
highly active on Milk agar plates. Caseinase activity
of EAG-2 was further confirmed by growing the
organism on Casein-agar plates concentration rang-
ing from 0.3�1% (Fig. 1a). Results at each step of
purification are summarized in Table I. Maximum
protease activity was precipitated in fractions from
65�80% ammonium sulfate saturation (Fig. 1b).
A large proportion of unbound protein was detected
as a dominant peak during first few minutes after
loading sample in flow-through from the column.
Bound proteins were eluted from the column over
a linear NaCl gradient of 0�1.0 M. Maximum
caseolytic activity was measured in fractions pooled
from DEAE-Sepharose FF column with the specific
activity of 12,456 Umg�1. This step defines the puri-
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fication of EAG-2 protease to homogeneity level.
While the over all yield of purified enzyme was 29%
and it was purified up to 11-fold. Purified enzyme
showed a single band of 27 KDa on SDS gel.

Catalytic optimization of EAG-2. Purified pro-
tease was maximally active at pH 8.5 against casein

as substrate (Fig. 2). The enzyme was thermally active
between 30�70°C with an optimum at 65°C while
a sharp decline in activity was observed beyond 70°C.
The purified enzyme was highly stable within pH range
6�9. The activity reduced 30� 45% from pH 10�11.
The enzyme was thermally stable from 30�55°C dur-

Crude enzyme 178 198543 1115.4 100 1.0

(NH
4
SO

4
) precipitation, 80% saturation 64 94540 1477.1 47.6 1.3

DEAE-cellulose eluate 4.6 57300 12456 29 11.0

Table I
Purification profile of EAG-2 protease

Step
Total protein

(mg)
Total activity

(U)
Specific activity

(U mg�1)
Purification
Yield (%)

Purification
fold

Fig. 1. Caseolytic activity of EAG-2 strain; (a) proteolytic zones around EAG-2 bacterial growth on 1% casein; (b) electrophoresis
of purified EAG-2 protease.

A: 10% SDS gel of purified EAG-protease; lane 1: Molecular wt markers (bovine serum albumin, 66.2 kDa; Egg albumin, 45 kDa;
gluceraldehyde dehydrogenase 36 kDa; tripsinogen 24 kDa; trypsin inhibitor 20 kDa), lane 2: purified EAG-2 protease;

B: Zymogram (method-1); C: Zymogram (method-2); D: Zymogram (lane 1: crude enzyme, lane 2: precipitated sample).

A                         B                   C                       D

Fig. 2. pH optimization of purified EAG-2 protease.

a b
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ing 2 hour incubation. However, the activity reduced
to 70% and 90% between 60�70°C (Fig. 3).

Enzyme performance in the presence of metals
and inhibitors. The metals tested showed a variable
effect. Calcium appeared as most active metal to
trigger the proteolytic activity followed by zinc and
barium, while a negative effect in terms of activity
was observed with copper, nickel, magnesium and
magnese. (Table II). Among inhibitors, PMSF ap-
peared as most potent reducing enzyme activity down
to 16% at 5 mM conc. The null effect of EDTA on
enzyme performance strengthens its relationship to
serine type proteases.

Enzyme-substrate specificity. EAG-2 protease
showed a broad substrate-activity relationship (Fig. 4).
Rapid proteolysis was observed for first 40 minutes
against all substrates tested except hemoglobin.

Discussion

Different purification procedures have been used to
purify proteases (Bayoudh et al., 2000, Studdert et al.,
2001; Yang et al., 2000). In this work a protease from
Bacillus subtilis EAG-2 strain has been purified by
using DEAE-Sepharose FF column to homogeneity.
The enzyme exhibits a high specific activity at this
stage with a purification yield of 29%. It shows a single
band of 27 KDa on SDS gel which lies in the usual
range (15�36 KDa) of alkaline proteases from Bacillus
strains (Wang et al., 2006; Singh et al., 2001a;
Towatana et al., 1999). However, it showed two clear
activity bands on zymogram gel which could be a dis-
tinguishing feature in addition to already known Bacil-
lus subtilis proteases. It can be assumed that EAG-2
protease exists in a dimeric form in its native structure.

Fig. 3. Temperature optimization of purified EAG-2 protease

Fig. 4. Time course utilization of EAG-2 protease versus various natural substrates
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The optimum temperature range for proteases from
Bacillus strains is 50�60°C (Adinarayana et al., 2003;
Ferrero et al., 1996). The optimal temperature for
EAG-2 protease was obtained at 65°C while it was
found stable up to 90% for 60 minutes between 30
and 50°C comparable to earlier reports (Singh et al.,
2001b), while the optimum working pH for EAG-2
protease is 8.5 which falls in rather moderate alkaline
range. The stimulatory effect of metals like Ca+2, Mg+2

and Mn+2 on alkaline proteases have been previously
reported but there was somewhat restricted activity in
case of EAG-2 protease in the presence of Mg+2 and
Mn+2. However, a boost in activity was found when
co-incubated with calcium followed by zinc and
barium. Inhibition studies provided an idea about the
nature of the enzyme and its co-factor requirements.
Most alkaline proteases from Bacillus strains are com-
pletely inhibited by PMSF (Beynon and Bond, 1989).
The protease from Bacillus subtilis EAG-2 strain was
also inhibited up to 84% and 75% of its original acti-
vity at 5 mM conc. with PMSF and APMSF but it
was not inhibited to any significant level by other
inhibitors used in the study. Results shown in Fig. 4
describe its dynamic proteolytic behavior against
various natural substrates. A continuous rise in cataly-
sis rate was observed during first 30 minutes of incu-
bation while afterwards it seemed to become saturated

and hence resulted in a plateau phase in terms of
activity. The enzyme worked in close relation with
almost all substrates used in this study except hemo-
globin. It might be due to a weak substrate binding
because of less specific substrate pockets at the active
catalytic sites for this particular substrate type. Thus
it can be predicted from the present work that EAG-2
protease is a relatively new serine type protease that
has prominent characteristics in term of activity and
specificity. It might be a potential contribution to the
existing protease family and especially to the emerg-
ing enzyme industry in Pakistan.
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