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Purification and characterization of extracellular alkaline protease
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Extracellular protease from culture supernatants of Streptomyces sp. LCI12A was purified and characterized in this
study. The collected supernatant of Streptomyces sp. LCJ12A was purified by ammonium sulfate precipitation and
diethylaminoethyl cellulose chromatography. The molecular weight of the enzyme was 20.1 kDa. Sodium dodecyl
sulfate-polyacrylamide gel electrophoresis was used to determine the molecular weight of the enzyme. The culture filtrate,
partially purified enzyme, and ammonium sulfate precipitate displayed catalysis and stability over pH 3—11.5 and showed
optimal activity at pH 10. The culture filtrate, ammonium sulfate precipitate, and partially purified enzyme were good
between 30 and 40°C and the optimum temperature was 35°C. The purified protease exhibited high catalytic activity
and stability under different pH and temperature. The partially purified protease from Streptomyces sp. LCJ12A showed
a substantial relative activity of 78% with bovine serum albumin (BSA), 43% with gelatin, and 96% relative activity
with casein. Lineweaver-Burk plot was used to calculate the Km and Vmax values for the partially purified protease.
The Km values of Streptomyces sp. LCJ12A were 73.5 mM for casein, 44.54 mM for BSA, and 43.45 mM for gelatin.
The Vmax values were 500 mM min ™! for casein, 303.03 mM min ! for BSA, and 270.27 mM min ™' for gelatin from
Streptomyces sp. LCJ12A. The statistical analysis confirmed that compared to the other substrates, casein was significant.

1. INTRODUCTION

Proteases lead the worldwide industrial enzyme market and account for
nearly 60% of the total worldwide enzyme sales [1-4]. Proteases can
be classified according to their active pH range into neutral, acidic, and
alkaline pH. Each ofthese groupsisalsodivided into six subclasses based
on the type of functional groups. Alkaline proteases such as Subtilisin,
Carlsberg, Alcalase, Esperase, and Savinase are produced by bacteria,
in particular, Bacillus sp. are commercial proteases [5-7]. Several
fungi including Aspergillus sp. are also considered to be a good source
of protease production [8]. There is very less information available on
naturally occurring extracellular proteases produced by actinomycetes.
For industrial production, only the microbes that produce a large
amount of extracellular protease can be exploited. Proteases produced
from actinomycetes have unique characteristics [9-11] and should
be investigated so as to meet the requirements of different industrial
processes [12]. Medium formulation and optimization increase the
production of protease [13-14]. The purification process was found
to increase the specific activity of enzymes and to make them more
acceptable for industrial applications [15,16].

*Corresponding Author

Dr. J. Joel Gnanadoss,

Department of Plant Biology and Biotechnology,

Microbial and Environmental Biotechnology Research Unit,
Loyola College, Chennai - 600 034, Tamil Nadu, India.
Email: joelgna@gmail.com

2. MATERIALS AND METHODS

2.1. Isolation of Streptomyces sp. LCJ12A

The source of Streptomyces sp. LCJ12A was the soil of Pichavaram
Mangrove Forest, Chidambaram, Tamil Nadu, India, located at the
latitude of 11.42714 and longitude position of 79.78326.

One gram of soil sample collected from Pichavaram Mangrove
Forest was serially diluted and 100 pl of 10~ dilution was plated on
International Streptomyces Project-2 medium. The plates were then
incubated at 30°C for 12 days. After incubation, the pure cultures were
maintained at 4°C.

2.2. Protease Production under Submerged Fermentation

Protease production broth (PPB) medium was used as a production
medium for the production of protease. Spore suspension (1 mL) of the
isolate strain was added to a 250 mL flask containing 50 mL of PPB
containing (g/L) peptone — 10, sucrose — 10, K,.HPO, - 0.5, CaCl, - 0.5,
NaCl - 0.5, and MgSO,.7H,O — 0.5. The mixture was incubated under
shaking conditions at 30°C and 120 rpm. Once in 2 days, the cultures were
harvested and the culture medium was centrifuged to remove medium
debris and mycelia. Quantitative enzyme assay was used to determine the
protease activity of culture supernatants (Ramesh et al., 2009).

2.3. Protease Purification

The culture filtrate from an 8-day-old culture was harvested and
primarily filtered through a muslin cloth to eliminate the mycelial
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debris. The filtrate was centrifuged at 10,000 rpm for 15 min at 4°C
and again it was filtered through a Whatman No. 1 filter paper.

2.4. Ammonium Sulfate Precipitation

The filtered supernatant of Streptomyces sp. LCJ12A was subjected
to precipitation using ammonium sulfate at 70% (w/v) saturation at
4°C overnight. Centrifugation (10,000 rpm for 15 min) was used
to collect the precipitate and again resuspended in sodium acetate
buffer (100 mM; pH 5.0). This was dialyzed against the same buffer
overnight at 4°C. After that, the dialyzed filtrate was loaded onto the
diethylaminoethyl (DEAE) cellulose ion-exchange column.

2.5. Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis
(SDS-PAGE)

Clean glass plates were kept in vertical position by placing them in a
gel casting stand. The separating gel mixture was prepared and poured
into the glass plates uniformly without any leakage. The stacking gel
was prepared and poured over it and the comb was inserted gently
on the stacking gel after the polymerization of the separating gel. To
allow the gel to polymerize completely, the setup was kept for few
minutes. The comb was then carefully removed and wells formed in
the gel were rinsed with distilled water completely. 50 pl of isolated
protein samples was mixed with 50 pl of sample solubilizing buffer
(1:1) and the mixture was boiled at 95°C in water bath for 5-10 min.
The protein samples along with standard protein marker were then
loaded into the respective wells. To allow the sample to run completely
into the gel, it was electrophoresed at 50100 v for 3—4 h. Coomassie
brilliant blue (CBB) R250 was used as a staining solution and the gel
was placed in CBB for 1 h after electrophoresis. After staining, the
gel was washed thoroughly with distilled water. To destain the stained
gel, the stained gel was placed in destaining solution for overnight
and washed with distilled water [17]. The proteins fractionated into
bands were observed and the molecular weight of the protein was also
determined using standard marker.

2.6. Ion Exchange Column Chromatography

The dialyzed filtrate was loaded onto a DEAE cellulose ion exchange
column pre-equilibrated with glycine-NaOH buffer (100 mM; pH 8.6)
for Streptomyces sp. LCJ12A which was washed with the same
respective buffers to remove unbound proteins. The bound proteins
were then eluted with a linear gradient of NaCl (0-1.0 M) in the
respective buffers at a flow rate of 1 mL/min and the fractions were
collected and assayed for protease activity. The protease rich fractions
were pooled, concentrated, and dialyzed against the respective buffers.
The total specific activity, yield, and purification fold were calculated
according to the standard method [18].

2.7. Molecular Mass Determination of Protease

SDS-PAGE was carried out in accordance with the standard protocol
using 10% w/v resolving gel and 5% w/v stacking gel. Separation of
the proteins was carried out at 20 mA. After electrophoresis, CBB
R250 was used to stain the protein bands. The molecular mass of
the partially purified protein was determined by comparison against
the relative mobility of a broad range of standard protein markers
(Genie, India), namely, phosphorylase B (97.4 kDa), ovalbumin
(43 kDa), bovine serum albumin (BSA-66 kDa), soybean trypsin
inhibitor (20.1 kDa), carbonic anhydrase (29 kDa), and lysozyme
(14.3 kDa).

2.8. Influence of pH on Protease Activity

The optimum pH of the partially purified protease, culture filtrate,
and ammonium sulfate precipitate was determined over a range of
pH (3—11.5). The partially purified enzyme (10 pg) was incubated for
5 min in different buffer systems such as glycine-HCI buffer (100 mM;
pH 2.2-3.4), sodium acetate buffer (100 mM; pH 3.8-5.4), phosphate
buffer (100 mM; pH 5.8-7.8), and glycine-NaOH buffer (100 mM;
pH 8.2-11.5). The substrate was then added to the reaction mixture and
assayed for protease activity. Similarly, culture filtrate and ammonium
sulfate precipitate were also assayed at different pH.

2.9. Influence of Temperature on Protease Activity and
Thermal Stability

The influence of temperature on the protease activity and its stability
was determined by dissolving the partially purified protease (10 pg)
in glycine NaOH (100 mM; pH 8.6) for Streptomyces sp. LCJ12A
which was incubated separately at temperatures ranging from 25°C
to 50°C for 5 min and the protease activity was determined. Culture
filtrate and ammonium sulfate precipitate were also assayed for
protease activity. The thermal stability of the protease enzyme was
investigated by measuring the protease activity and it was done after
the pre-incubation of the partially purified protease (10 pg) for 1 h at
temperatures ranging from 25 to 50°C.

2.10. Substrate Specificity

Substrate specificity of the partially purified protease enzyme, culture
filtrate, and ammonium sulfate precipitate was determined using
various substrates such as BSA, casein, and gelatin at a concentration
of 1 mM. The 10 pg of partially purified protease, culture filtrate,
and ammonium sulfate precipitate were incubated with the above
substrates and their oxidation was measured in their respective
absorption maxima. The protease activity was calculated by means of
the respective extinction coefficient values.

2.11. Kinetic Constants of Partially Purified Protease

The maximum velocity (Vmax) and Michaelis—Menten constant (Km)
are the most important parameters for most of the enzyme-catalyzed
reactions. Studies on enzyme kinetics were conducted using casein,
BSA, and gelatin in 100 mM phosphate buffer (pH 5.0). The Km value
of enzyme determines the affinity of the enzyme for its substrate [19].
Microsoft Excel was used to calculate linear regression for estimating
Vmax and Km. Reciprocal plot of velocity of the reaction and substrate
concentrations were plotted using Lineweaver-Burk plot. The
maximum velocity and Michaelis constant were calculated according
to the method described by Nelson and Cox, 2004. The formula used
is mentioned below:

1/V = (Km/Vmax) 1/S + (1/Vmax)

*  Maximum Velocity (Vmax): The reciprocal of the intercept on the
positive Y-axis is the Vmax (mM min™")

*  Michaelis constant (Km): The reciprocal of the intercept on the
negative X-axis is the Km (mM).

3. RESULTS

The molecular mass of the partially purified protease from
Streptomyces sp. LCJ12A was determined by SDS-PAGE. The partially
purified protease appeared as a single band on the SDS-PAGE stained
with CBB R250 and its molecular weight was approximately 20.1 kDa
in comparison with the standard molecular weight markers. The results
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indicate the monomeric nature of the partially purified protease from
Streptomyces sp. LCJ12A [Figure 1].

3.1. Influence of pH on Protease Activity

The partially purified protease, culture filtrate, and ammonium
sulfate precipitate from Streptomyces sp. LCJ12A were evaluated
under different pH conditions ranging from 3 to 11.5. The partially
purified protease from Streptomyces sp. LCJ12A demonstrated 100%
of relative activity at pH 10 when casein was used as the substrate
[Figure 2]. Culture filtrate with 90% relative activity and ammonium
sulfate precipitate with 93% relative activity were observed at pH 10.
However, considerable relative activity was observed between pH 6.5
and 8.0 with the relative activity ranging from 65 to 90% for partially
purified protease. At pH range of 5.0-3.5, less relative activity was
observed ranging from 40 to 20%. In Streptomyces sp. LCJ12A, the
optimum pH value was recorded as pH 10. Further increase or decrease
in pH resulted in a lesser relative activity.

3.2. Effect of Different Temperature and Temperature Stability
on Protease Activity

The effect of various temperatures on the partially purified protease,
culture filtrate, and ammonium sulfate precipitate from Streptomyces sp.
LCJ12A was determined at temperature ranging from 25 to 50°C. The

974 kDa
66 kDa

43 kDa

Lane 1: Protein marker
Lane 2: Crude enzyme
Lane 3: Dialysis enzyme
20 kDa Lane 4: Eluted enzyme

Lane 5 & 6: Purified enzyme
20.1kDa

14.3 kDa

Figure 1: Molecular mass determination of protease from Streptomyces sp.
LCJ12A on sodium dodecyl sulfate-polyacrylamide gel electrophoresis.
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optimum temperature of partially purified protease was found to be
35°C with a maximum relative activity of 100% [Figure 3] and it was
furthermore significant.

Temperature stability of the partially purified protease, culture
filtrate, and ammonium sulfate precipitate from Streptomyces sp.
LCJ12A was evaluated at temperatures ranging between 25°C
and 50°C. The protease activity demonstrated a smooth and stable
increase as the temperature increased from 30°C to 40°C. The
optimum temperature for partially purified protease was found
to be at 35°C with an initial activity of 85% at 10 min, and it
retained 100% of the relative activity and was stable at the end of
60 min. Considerable amount of relative activity (92%) was also
observed at 40°C. The protease activity decreased drastically when
the temperature exceeded 45°C. The partially purified protease
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Figure 3: Relative activity of protease enzyme at different temperature from

Streptomyces sp. LCJ12A.
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Figure 2: Relative activity of protease enzyme at different pH from
Streptomyces sp. LCJ12A.

Figure 4: Substrate oxidizing activity of protease enzyme from
Streptomyces sp. LCJ12A.
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Figure 5: Lineweaver—Burk plot of partially purified protease from
Streptomyces sp. LCJ12A.

Table 1: Kinetic constant of partially purified protease from
Streptomyces sp. LCJ12A

Substrate Vmax (mM min™) Km (mM)
Casein 500 73.5
BSA 303.03 44.54
Gelatin 270.27 43.45

from Streptomyces sp. LCJ12A retained only 78% of its activity
after incubation at 45°C for 20 min. When the temperature was
increased, further, the activity of the enzyme decreased rapidly and
60% relative activity was observed at the end of 1 h at 50°C. The
relative activity decreased drastically as the enzyme was incubated
for a longer time in these temperatures. The results indicate that
the protease was not thermostable. The statistical analysis further
confirmed that 35°C was significant for partially purified enzyme,
culture filtrate, and ammonium sulfate precipitate when compared
to other temperatures.

3.3. Substrate Specificity

The substrate oxidization activity of the partially purified protease
enzyme, culture filtrate, and ammonium sulfate precipitate from
Streptomyces sp. LCJ12A toward various substrates such as BSA,
casein, and gelatin was characterized. Among the substrates tested,
casein was the most efficiently oxidized substrate with maximum
relative activity of 96% of partially purified protease. The relative
activity of the culture filtrate and ammonium sulfate precipitate was
85% and 57%, respectively [Figure 4]. The partially purified protease
from Streptomyces sp. LCJ12A demonstrated substantial relative
activity of 78% with BSA and 43% with gelatin. The statistical
analysis also confirmed that compared to the other substrates, casein
was significant.

3.4. Kinetic Constants of Partially Purified Protease

The kinetic constants of partially purified protease from
Streptomyces sp. LCJ12A were determined using casein, BSA, and
gelatin. The Km and Vmax values for the partially purified protease
were calculated from the Lineweaver—Burk plot and presented in
Figure 5. The Km values of Streptomyces sp. LCJ12A were 73.5 mM

for casein, 44.54 mM for BSA, and 43.45 mM for gelatin. The Vmax
values were 500 mM min! for casein, 303.03 mM min ! for BSA, and
270.27 mM min™! for gelatin for Streptomyces sp. LCJ12A which are
summarized in Table 1.

4. DISCUSSION

The studies related to the actinomycetes from soil and sediments of
Pichavaram mangrove region are very less explored. Actinomycetes
are good sources for biotechnological applications [20]. Ion-
exchange chromatography was used on a DEAE cellulose column.
The culture filtrate was subjected to ammonium sulfate precipitation
(70%) followed by ion-exchange chromatography in CM-650
TOYOPEARL® column. The appearance of single band in SDS
indicated that the purified alkaline protease was a monomeric protein
with molecular mass of 20.1 kDa. In general, the molecular mass
of alkaline proteases from microbe ranges 15 to 40 kDa. Alkaline
proteases have been purified from other microbes and have been
characterized and their molecular weight is as follows: Streptomyces
albidoflavus (18 kDa) [21], Streptomyces sp. M30 (37.1 kDa) [22],
Bacillus circulans MTCC 7942 (43 kDa) [23], Aspergillus parasiticus
(36 kDa) [24], and Thermus aquaticus YT-1 (38 kDa) [25]. The
molecular mass of alkaline proteases from Bacillus genus has been
found to be above 70 kDa [26-28]. Alkaline proteases from Bacillus
laterosporus AK1 having molecular weight above 70 kDa were also
reported [29-31].

The purification and characterization of a 20.1 kDa alkaline protease
from Streptomyces sp. LCJ12A are described in this investigation.
Proteolytic activity in this study increased up to 100% for partially
purified enzyme at the temperature of 35°C when casein was used as
a substrate and the proteolytic activity decreased dramatically when
the temperature increased above 40°C, which retained only 78% at
45°C and 60% activity at 50°C, respectively. The proteolytic activity
of culture filtrate and ammonium sulfate precipitate was 90% and
96% at 35°C. This was similar to the results reported [32], where
about 95% and 70% activity of Bacillus protease were retained at
40°C and 50°C.

The optimal pH for the higher proteolytic activity from
Streptomyces sp. LCIJ12A was pH 10. Streptomyces sp. LCI12A
showed 100% of proteolytic activity at pH 10 and further increase
in pH decreased the proteolytic activity from 100% to 90% for
partially purified enzyme. The proteolytic activity of culture filtrate
and ammonium sulfate precipitate was 90% and 93% at pH 10. The
study from Streptomyces clavuligerus NRRL 3585 and 644 reported
that the proteolytic activity of 37% obtained at pH 8.0-8.4 for partially
purified enzyme [33]. For the enzyme keratinase, the maximal enzyme
activity was 80% at pH 11 at 45°C from Streptomyces sp. [34].

The kinetic constant of partially purified enzyme from Streptomyces sp.
LCJ12A showed Vmax of 500 mM min™!' and Km of 73.5 mM for
casein substrate when BSA used as substrate, Vmax 303.03 mM min ™!
and Km44.54 mM were recorded. Vmax 0f270.27 mM min ' and Km of
43.45 mM were recorded for gelatin as a substrate. Similar enzyme
kinetic study was also done by proteolytic bacteria showed 0.3
and 0.5 mg ml"! and Vmax 333 and 500 pmole min™' [35].

5. CONCLUSION

The findings of the current study show that the enzyme had shown
broad substrate specificity. The enzyme exhibited high activity at
alkaline pH and moderate temperature (below 40°C) inferred that the



purified enzyme seems to be potential for industrial applications. The
partially purified protease enzyme from Streptomyces sp. LCJ12A
acts as a potential thrombolytic agent having fibrinolytic activity,
dissolves the coagulated sheep blood, and also has the potential
toward blood stain removal from the cotton fabrics and dehairing
of goat hide. In the next phase of study, we have also identified
the suitable pH and temperature of the protease to improve the
efficiency of fibrinolytic activity, blood stain removal, and dehairing.
This study suggests that the enzyme protease has the ability to be
used under industrial circumstances for various applications. The
industrial applications of the protease are in progress and will be
reported elsewhere.
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