International Journal of Advanced Biotechnology and Research(IJBR)
ISSN 0976-2612, Online ISSN 2278–599X,
Vol-6, Issue-3, 2015, pp343-353
http://www.bipublication.com

Research Article

Isolation, Characterization of Extracellular Bacterial Alkaline
Proteases and Its Industrial Applications

D. Keziaa,b*and S.V. Naidua
a

Centre for Biotechnology, Departmentof ChemicalEngineering,
AndhraUniversity,Visakhapatnam530003India.

a,b*

Currentaddress:Andaman and Nicobar Centre for Ocean Science and Technology,
ESSO-National Institute of Ocean Technology, PortBlair744103,India.
Corresponding author: (dkeziabio@gmail.com)

[Received-10/05/2015, Accepted-21/05/2015, Published-25/07/2015]

ABSTRACT
Environmental pollution caused by chemical based industries has necessitated the development of enzyme based
processes as alternatives to the currently employed chemical processes. Bacterial extracellular alkaline proteases are
of great importance due to its wide variety of applications in detergent,bioremediation,food,leather processing and
pharmaceutical industries. A number of bacterial isolates producing protease were selected from the garden soil and
primary screening was achieved by casein hydrolysis method. In them 20 isolates were selected,among them one
isolate exhibited the highest proteolytic activity with a clear zone of 25mm.
The isolate has been identified by scanning electron microscope, biochemical characterization, 16SrRNAsequencing
andphylogenetic analysis as bacillus subtilis.The stability of the enzyme in presence of various detergents were
remarkable. The results of the washing performance with detergents were clearly indicated and the removal of blood
stains, egg yolk, chocolate stains and dehairing of goat skin suggested the crucial application in the commercial
products at large scale and eliminate the use of pollution causing chemicals such as sodium sulphideand lime,
greatly helping to prevent environmental pollution.
KEYWORDS: Protease, Identification, characterization, Bacillus subtilis DKMNR,Detergent industry, Leather
processing.

INTRODUCTION
Enzymes being selective in terms of function and
specificity are suitable catalyst as compared to
chemical catalysts. Further enzyme controlled
reactions can occur in aqueous environment [19].
Proteases are the most important industrial

enzymes occupying nearly 60% of the enzyme
sales, obtained from microbial, plant and animal
sources [6]. Microbes are considered to be
preferred source of these enzymes because of their
relative ease of isolation from a diverse range of
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environment, rapid growth, limited space
requirement for their cultivation and ease of
genetical manipulation to generate new enzymes
with altered properties that are suitable for various
applications [15].
Bacteria of the genus Bacillus are known to
produce a group of commercially important
extracellular enzymes including proteases. Several
Bacillus species involved in protease production
are e.g. Bacillusbrevis [3] Bacillus sphaericus [22]
Bacillusfirmus [18] Bacillus sp . [17].
Extracellular proteases have been commercially
exploited to assist protein degradation in the
various industrial processes [25]. Recent
awareness of the environmental pollution
caused by chemical based industries has
necessitated the development of enzyme based
processes as alternatives to the currently
employed chemical processes [9].
Proteases have potential applications in the
industries for partial or total replacement of
currently employed toxic chemical processes
[1]. Alkaline proteases represent one of the
largest group of industrial proteases useful in
industrial processes like in detergents[10],
leather, tanning[2], dairy, meat tenderization,
baking, brewery, photographic industry etc.
replacing partially or totally current employed
chemical processes[8]. In the present study we
reported the isolation and characterization of an
alkaline protease producing Bacillus subtilis
DKMNR from soil, encouraging results were
found in the stain removal on cloths and
dehairing of raw leather using protease enzyme
[12].
MATERIALS AND METHODS
Isolation and screening of alkaline protease
producing microorganisms
The protease producing bacteria were isolated by
enrichment culture technique from garden soil
sample, Visakhapatnam, Andhra Pradesh, India.
1.0 ml of the suspension was inoculated in 50 ml of
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Yeast extract-Peptone-Dextrose (YPD) medium
containing gL-1: glucose, 10.0; peptone, 7.5; yeast
extract, 7.5; K2HPO4, 0.50; MgSO4, 0.05 and
CaCl2, 0.02, pH 8.0.
The culture was incubated at 37oC at 200 rpm,
After 24 h of incubation, the resultant culture was
serially diluted using sterile distilled water and 0.1
ml of this was spread on YPD medium agar-plates
and incubated at 37oC and morphologically
distinguished colonies were selected. Potent
protease producing strain was selected based on
casein hydrolysis zone on the plate.
Characterization of isolate
Morphological studies were conducted under
scanning electron microscope (model: JOEL-JSM
5600).
Conventional
physiological
and
biochemical characterization tests were carried
out according to Bergey’s Manual of Systematic
Bacteriology [7] the higher yielding strain was
identified by making use of 16SrRNA
sequencing
using
forward
(5AGAGTTTGATCCTGGCTCAG-3)
and
reverse (5TACCTTGTTACGACTT3) primers.
These quence similarity search was done for the
16SrRNA sequence using online search tool
called
BLAST
(http://www.ncbi.nlm.nih.gov/blast).
The
unknown organism was identified using the
maximum aligned sequence through BLAST
search [16].
Phylogenetic Analysis of the Strain
The 16S rRNA gene sequence of the isolated strain
was used as a query to search for homologous
sequence in the nucleotide sequence databases by
running BLASTN program [27].
The high scoring similar to 16S rRNA gene
sequences were identified from the results and
retrieved from GenBank database. The identified
sequences were aligned using CLUSTAL-W
algorithm in MEGA 4.0 software. Phylogenetic
trees were inferred by using the neighbor-joining
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bootstrap analysis with the help of MEGA 4.0
software package based on 1000 resampling.
Enzyme production and activity assay
The inoculums was prepared by adding a loopful
of pure culture into 50ml of sterile YPD medium
pH8.0 and incubated at30º C onarotary shaker at
120 rpm for 24h.1% (v/v) inoculum from the
culture was added to the same medium and
incubated at 37º C under shaking condition at
120rpm. Growth was measured colometrically at
280nm and culture was harvested by
centrifugation at 10,000 rpm for 10min at 5ºC
and the supernatant was dialyzed against distilled
water overnight and served as enzyme for
assaying enzyme activity.
Protease activity was determined using modified
Auson-Hagihara method [11].In this, 1.0 ml of
the enzyme solution was added to 1.0 ml casein
solution (1.0 % (w/v) casein solution prepared in
50 mM glycine-NaOH buffer, pH 11.0) and
incubated at 70 0C for 20 min.
The reaction was terminated by adding 4.0 ml of
10.0% trichloroacetic acid and the contents were
filtered through a Whatman No. 1 filter paper.
The filtrate absorbance was read at 280 nm using
UV–Visible. One unit of protease activity (U)
was taken as the amount of enzyme liberating
1µg of tyrosine per min under the standard assay
conditions. These estimations were based on
standard tyrosine curve.
Compatibility of protease with commercial
detergents
Different commercially available detergents like
Henko (Henkel spice, India), Ariel (Procter&
Gamble, India) Surf, Surf excel, Rin (Hindustan
Lever Ltd., India) were used to study the
compatibility of the purified alkaline protease. The
enzyme was incubated in 1% (w/v) of above
detergent in tap water at pH 9.0 and at room
temperature for 1-2 h and the residual activitywas
measured. Enzyme activity without any detergent
was taken as 100%.
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Wash Performance Test
The application of protease as a detergent additive
was studied on white cotton cloth pieces (3cm x
3cm) stained with human blood, egg yolk and
chocolate. The stained cloth pieces were taken in
separate beakers. First beaker was added with
distillwater (15ml) and 5 ml of the enzyme
solution, the second beaker contained distill water
15 ml and 1ml of surf excel detergent (5mgml–1)
protease free.Whereas the third beaker consisted of
distill water (15 ml), 1ml surf excel detergent
(5mgml–1) and 5ml of enzyme solution. After
incubation at 500 c for 15 minutes, the cloth piece
were taken out, rinsed with distil water, and dried.
Examination of various pieces visually exhibited
the effect of enzyme in the removal of stains.
Untreated cloth pieces stained with blood, egg
yolk and chocolate were taken as control.
Dehairing of goat skin
The precipitate of enzyme by ammonium sulphate
(1% (w/w) in 10% water) was applied on flesh
side of water soaked goat hide (6cm x 6cm)
incubate at a temperature of 400c in a dry place.
Loosening of hair and epidermis were observed by
scraping using a blunt scalpel.
RESULTS
Isolation and screening of alkaline protease
producing microorganisms
Soil samples were screened for alkaline protease
producing bacteria on 1% (w/v) casein agar
plates. 20 strains were screened based on the
clear zones of casein hydrolysis around
colonies. Further, to evaluate the potential of
these isolates for production of protease
enzyme, fermentation studies were performed
using YPD medium.The quantitative estimation
of produced protease revealed that among 20
isolates, DKMNR exhibited the highest
proteolytic activity with a clear zone diameter of
25 mm (fig.1).This isolated strain were regularly
sub-cultured and stored on YPD agar slants at 7
0C till further use.
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Fig.1: The zone of inhibition by isolate DKMNR on
casein agar plate

Physiological tests indicate that the cell can

Characterization of isolate
Biochemical and physiological properties of
isolate D K M N R was identified according to
Bergey’s manual of systematic bacteriology [7].
Table1 specifies the isolated strain morphological
characteristics and table2 shows physiological
characteristics. Table 3 denotes biochemical

survive at temperatures ranging from
550cand grow in the medium pH of 5.0
under saline conditions up to 10%
Biochemical and acid production
carbohydrates tests concluded that the
belongs to bacillus species.

characteristics and table 4 indicates acid
production from carbohydrates by the isolate
DKMNR.
Colonies of DKMNR on YPD agar plates were
dull with rough surface oval in shape, slightly
opaque in nature. The isolate is characterized as
gram positive and flat rod shaped bacteria.
Fig.2shows the scanning electron microscope
picture of the isolate and the cells are visualized
as single, long flat rods shaped bacteria.

isolate DKMNR colony
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15 to
to 11.0
NaCl.
from
isolate

Fig.2: Scanning electron microscopic picture of the

Table 1: Morphological characteristics of the DKMNR
Tests

Results

Colony Morphology
Configuration
Margin

Circular
Wavy
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Elevations

Low Convex

55°C

±

Surface

Dull and Rough

65°C

-

Density

Opaque

Pigments

-

pH 5.0

+

+ve

pH 5.7

+

Fat Rods

pH 6.8

+

Long

pH 8.0

+

Singles or short chain

pH 9.0

+

pH 11.0

+

Gram’s Reaction
Cell Shape
Size
Arrangement

Growth at pH

Spore(s)
Endospore
Position

+

Growth on NaCl(%)

Central

2.5

+

Oval

5.0

+

Sporangia Bulging

+

7.0

+

Capsule

+

8.5

+

Motility

+

10.0

+

Fluorescence (UV)

-

Growth under Anaerobic
Condition

-

Shape

Table 2: Physiological characteristics of the DKMNR
Tests

Results

Growth at Temperatures

Table 3: Biochemical characteristics of the DKMNR
Tests

Results

4°C

-

Growth on Mac Conkey Agar

-

10°C

-

Indole Test

-

15°C

+

Methyl Red Test

+

25°C

+

VogesProskauer Test

+

30°C

+

Gas Production From Glucose

-

37°C

+

Citrate Utilization

+

42°C

+

Casein Hydrolysis

+

45°C

+

Starch Hydrolysis

+

D. Kezia and S.V. Naidu

347

Isolation, Characterization of Extracellular Bacterial Alkaline Proteases and Its Industrial Applications

Gelatin Hydrolysis

+

Mannose

+

Urea Hydrolysis

-

Melibiose

+

Nitrate Reduction

+

Raffinose

+

Nitrite Reduction

-

Rhamnose

-

H2S Production

-

Salicin

+

Cytochrome Oxidase

+

Sorbitol

+

Catalase Test

+

Sucrose

+

Oxidation/Fermentation/Negative
(O/F/-)

_

Trehalose

+

Xylose

+

Arginine dihydrolase

-

Lysine decarboxylase

-

Ornithine decarboxylase

-

Table 4: Acid Production from Carbohydrates by the
DKMNR
Tests

Results

Adonitol

-

Arabinose

+

Cellobiose

+

Dextrose

-

Dulcitol

-

Fructose

+

Galactose

-

Inositol

+

Inulin

+

Lactose

-

Maltose

+

Mannitol

+
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Molecular characterization (16S Ribotyping)
This study was performed because in earlier
studies the strain identified by biochemical
characterization
differed
with
ribotyping
identification[21].
In order to evaluate the same the genomic DNA of
this strain was amplified and analyzed for
molecular-based identification. The amplicon was
purified and used to determine the 16S rRNA
gene.
The gene sequence revealed that it contains 1536
base pairs consisting of Adenine - 24.7%, Cytosine
- 23.6%, Guanine - 31.3% and Thymine - 20.4%,
with AT:CG ratio of 45:55. Blast analysis denoted
99% similarity with the B. subtilisfamily.
Phylogenetic tree [14] was constructed by taking
the sequences obtained in the BLAST search,
using Bacillus cereus CYPPB-1 (FN430421) as an
outer group. Fig. 3 shows the phylogentic tree
from this it was observed that the isolate DKMNR
belongs to the Bacillus subtilisfamily.
The partial sequence of 16s rRNA gene was
submitted to the GenBank database and can be
accessed under Genbank accession number
FR717670. The culture was deposited in MTCC
which was designated as Bacillus subtilis DKMNR
10551.
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Fig: 3Rooted phylogenetic tree showing the
relationship between t h e isolate DKMNR t o
close lyrelated Bacillus speciesand Bacillus cereus
CYPPB-1 (FN430421) asout-group and the horizontal
scale bar represents number of substitutions per
nucleotide.

formulation of commercial detergents. A good
detergent enzyme must be effective, compatible
and stable with all common lyused detergents and
its formulation compounds like anionic
surfactants, bleaching agents and water-softening
agents[24].

Detergent stability
The compatibility studies of the purified enzyme
with detergents revealed that the activity of the
enzyme decreased slightly with increasing the
incubation time as shown in table 5. A 3- 7%
decrease in protease activity was evidenced with
increase of incubation time from 1 to 2h indicating
its compatibility with most of the branded
detergents except Rin, indicating its suitability for

Table 5: Relative activity of purified alkaline protease
at different incubation time intervals.
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Effect
Detergents
Henko
Surf
Surf excel
Ariel
Rin

of

Relative
activity
at
different incubation times
1h
2h
90
83
75
72
84
80
84
81
98
72
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Washing performance as a detergent additive
The destaining activity of the protease from
Bacillus subtilis DKMNR as a detergent additive
was studied on white cotton cloth pieces
measuring 3x3 m2 staining with blood, egg yolk
and chocolate. Purified enzyme removed blood
stain within 15 min by incubating at 500c with the
supplementation of laundry detergents solution
(surf excel). Where as in fig.4b, laundry detergents
when used without the addition of purified enzyme
the strain removal is not proper as compared to fig.
4c. These results show the efficiency of B. subtilis
DKMNR protease in stain removal efficiency
results were in accordance with protease from
Botrytis cinerea[5]
Similarly egg yolk stained cotton cloth piece
measuring 3x3 m2 showed removal of the stains
with the usage of detergent (surf excel) and
enzyme within 15 min when incubated at 500C.
Rapid stain removal was noticed with the
supplementation of commercial available detergent
as shown in fig.4f.
Results were noticed in accordance with the
protease from B. circulans[26]indicating the role
of B. subtilis DKMNR in industrial application
especially in detergent preparation. And the effect
of protease solution was also put evidence on
chocolate by the test of spot on cotton cloth piece
measuring 3x3 m2 as a substrate, it was seen in the
fig.4i that the protease enable to removal chocolate
stain easily when compared to fig.4h without the
addition of protease to the detergent[5].
Results were in accordance with the protease from
Botrytis cinerea[5] for the removal of chocolate
stains from cotton cloth in the presence and
absence of detergents. This protease solution from
B. subtilis DKMNR showed high capability for
removing stains from cloths therefore it could be
used as an alkaline protease additive in detergent
manufacturing industry.

D. Kezia and S.V. Naidu
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Fig: 4: Destaining of human blood, egg yolk and
chocolate in the presence and absence of enzyme.

Dehairing of goat skin
The enzyme precipitate (1% w/w in 10% water)
dehaired the (6cm x 6cm) goat hide piece within
15 h, enzymaticallytreated piece was white and
smooth fig.5b as compared to control fig.5a
enzymatic process loosens hair and epidermis
because of degradation of specific proteins,
glycoprotein’s and proteoglycans in the basal
membrane[4]. This observation seems superior to
the protease from B. subtilis and B. cereus where
dehairing of the goat skin is done in 18, 21h
respectively [20, 23]. The process of dehairing
must be controlled to avoid the poor quality of the
leather at industrial scale however, enzymatic
processes are better than harsh chemical methods,
because of its lessuse of hazardous and polluting
chemicals.

Fig. 5: a) Control water treated goat hide piece

D. Kezia and S.V. Naidu
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3.

4.

5.

b) enzyme treatedgoat hide piece
Fig 5: Dehairing of goat skin using protease enzyme
from Bacillus subtilis DKMNR

6.
7.

CONCLUSION
From this study it has been concluded that the
bacterial strain belong to Bacillus subtilis and it is
a potent source of protease enzyme. The stability
and compatibility of this enzyme in presence of
various detergents, washing performance analysis
and dehairing indicated the imminent application
of this enzyme for detergent and leather industries
and it also replaces the use of pollution causing
chemicals such as sodium sulphide, lime and
solvents and greatly help in preventing
environmental pollution.
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