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Abstract
This study was conducted to isolate extracellular protease producing bacteria from the Port Dickson seashore and Kelana Jaya Lake using clear zone
formation assay on skim milk agar medium. The extracellular protease producing bacteria identifications were based on morphological examination,
Gram staining, oxidase test, lactose fermentation test, catalase test, hemolysis test and bioMérieux's API® identification system. Nine isolates, namely
S1, S19, S25, L20, L21, L30, L40, L41, L44, exhibited hydrolysis capacity (HC) between 1.5 to 2.3 when incubated at 30°C for 24, 48, and 72 hour
periods. The sea isolate, namely S19, exhibited the highest HC after 24, 48, and 72 h at 30ºC. S19 was identified as Bacillus cereus 2 by API 50
CHB/20E. The second-best HC was represented by lake isolate L20 and identified as Pseduomonas aeruginosa by the API 20NE system.
Key words : Screening, Bacteria, Extracellular proteases, API® bacterial identification system

INTRODUCTION

P

roteases are one of the major hydrolytic enzymes and
exhibit a wide range of functions and important
biotechnological applications. Proteases play a vital role in
various detergents, leather, food, and pharmaceuticals industries,
as well as bioremediation [1, 2]. Animals, plants, and
microorganisms are protease producers. However, microbial
sources are most preferred due to several advantages, such as their
broad biochemical diversity and bioengineering potential [3].
Furthermore, microbes are a preferable source of protease due to
their rapid growth and genetic manipulation, allowing the
creation of novel enzymes with new properties desirable for their
diverse applications [4].
Sixty percent of total worldwide enzyme sales are derived
from microbial proteases. For most biotechnology applications,
protease enzymes with higher activity and stability under acidic or
alkaline pH and high temperature are the most desired because of
its potentiality [3-7]. Proteases are produced by different categories
of microorganisms such as yeast, moulds and bacteria [3, 7, 8].
Bacterial proteases are generally considered one of the main
categories of industrial enzymes, as they constitute about a
quarter of the total worldwide enzymes production [9]. About
40% of the total industrial enzymes in the world are produced by
bacterial proteases [10, 11].
Extracellular proteases secreted by bacteria play important
roles in biotechnology industries and products as diverse as
detergent, tanning, photography, pharmaceutical, and waste
treatment thus creating a need to identify new proteases with
altered properties favourable to their various usage scenarios. A
large number of bacterial strains isolated from seas and lakes can
tolerate extreme environments such as highly acidic and alkaline
conditions as well as growth in high and low temperatures,
consequently the physical and chemical properties their proteases
are adapted to their growth conditions. Screening of extracellular
proteases from bacterial isolates from sea and lake environments

may result in isolation of new proteases with unique
physiochemical characteristics. Substrates such as skimmed milk
agar [12] and casein-agar [13] are widely used for screening many
microorganisms for protease secretion. The amount of protease
produced by an organism is exhibited by the hydrolysis zone on
casein agar [14]. To avoid pathogenic bacteria for biotechnological
application, identification of microbial proteases is an important
step that must be performed soon after the screening process.
In the present study, an effort was made to determine
proteolytic activity of bacteria isolated from the Kelana Jaya Lake
in Petaling Jaya, Selangor and Port Dickson seashore, Negeri
Sembilan, Malaysia on skim milk agar plates using streaking and
well diffusion methods. Identification of the bacteria that
produced the best hydrolytic capacity was performed based on
morphological observations and Gram staining, catalase test,
hemolysis test, oxidase test, lactose fermentation test and
bioMérieux's API® identification system.
MATERIALS AND METHODS
Sampling Site and Sampling

Two water samples were collected in January 2016, one from
Port Dickson seashore in Negeri Sembilan and another from
Kelana Jaya lake in Selangor. The water samples were collected in
sterile containers, carried to the laboratory, and kept at 4 º̊
C until
analysis.
Isolation and Purification of Bacteria from the Water
Samples, Sea and Lake
Serial dilution was prepared for each water sample (lake and
sea) by preparing 7 sterile tubes, labelled from 100 to 10-6 [15]. Two
hundred microliters of the non-diluted and diluted samples were
plated on nutrient agar. The spread-plate technique was used for
isolating single bacterial colony. The plates were incubated for
18-24 h at 30ºC. Fifty well-separated bacterial colonies from the
sea and 50 from the lake were selected at serial dilutions of 10-2,
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10-3 and 10-4. These bacteria were further purified by streaking on
Nutrient Agar and then incubated at 30°C for 18-24 h. The
selected isolated bacteria were streaked on nutrient agar three
times to ensure that the selected bacterial colonies were pure, then
routinely maintained at 4ºC [16].
Screening of Bacterial Producing Extracellular Protease
on Skim Milk Agar
One hundred pure bacterial colonies were selected for
screening of the extracellular protease production by streaking
thrice on the skim milk agar plates. The plates were then
incubated at 30°C and clear zones formations were monitored
after 24, 48, and 72 h. The appearance of the clear zones indicated
proteolysis activity via degradation of the milk protein (casein) in
the agar medium [17].
Determination of Hydrolysis Capacity (HC) by Well
Diffusion Assay
A hole (5 mm diameter) was punched on a skim milk agar and
10 μl of bacterial suspension inoculums was prepared by
comparing to the 0.5 McFarland turbidity standards, then loaded
into the hole. The plates were then incubated at 30°C and clear
zones formations were monitored after 24, 48, and 72 h. The
diameter of the clear zone formation was measured. Escherichia
coli K12 JM109 was used as a negative control.
Proteolytic potential of positive isolates was qualitatively

estimated by calculating the HC, the ratio of diameter of clearing
zone and diameter of colony [18]. All HC data obtained from the
well diffusion assay were confirmed by performing independent
experiments in triplicate and are presented as the mean ± SD.
Identification of Bacteria Producing Extracellular
Protease
The overall methodology of the work is represented in Fig.1.
Morphological Observation
The morphological identification of the isolates was
performed by observing the shape, margin, texture, and opacity as
well as pigments production on nutrient agar. The observations
were performed via the naked eye [15].
Gram Staining
The Gram staining procedure was carried out per [19]. A thin
smear of the bacteria was prepared as follows. One drop of
normal saline was added to the surface of a clean glass slide.
Bacterial cells were smeared on the surface of the glass slide
containing a drop of normal saline with a clean sterile wire loop.
The smears were then dried and fixed with heat by passing
through a bunsen burner three times. Crystal violet was added to
the dried smears and incubated at room temperature for 1 minute.
To remove unbound crystal violet, the slide then was rinsed
gently with water for a maximum of 5 seconds.

Fig. 1: Schematic representation of overall plan of work
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Following to this, iodine solution was used to fix the crystal
violet to the bacterial cell wall. The slide was then rinsed with
ethyl alcohol (95%) for about 3 second and rinsed again with a
gentle stream of water. Finally, the smeared slide was counter
stained with safranin and incubated for 1 minute follow with
gentle rinsing with water for a maximum of 5 seconds, then air
dried at room temperature. The prepared slide was observed under
oil immersion (100x) using a bright field microscope. Gramnegative bacteria stained pink/red while Gram-positive bacteria
stained blue/purple.
Oxidase Test
The oxidase test was used to distinguish between oxidase
negative Enterobacteriaceae and oxidase positive
Pseudomadaceae, and also useful for specification and
identification of many bacteria that use oxygen as the final
electron acceptor in aerobic respiration [20]. Filter paper was
impregnated with a drop of Oxidase reagent (1% Tetramethyle-pphenylene diamine dihydrochloride solution). The bacterial cells
were picked from fresh plate culture (24 h growth) with sterile
wooden rods and placed on filter paper with the reagent. The
reaction was read within 10 seconds and deep blue colour was
developed which indicated positive result [15]. Pseudomonas
aeruginosa was used as positive control and E. coli K12 JM109
was used as negative control.

Lactose Fermentation Test on MacConkey (MAC) Agar
The purpose of this test is to determine if a microbe can
ferment the carbohydrate (sugar) lactose as a carbon source.
MAC is a selective and differential culture medium. It is used to
select Gram-negative and enteric bacilli and differentiate them
based on lactose fermentation. The selected bacterial colonies
were aseptically streaked on the MAC agar and incubated for 48 h
at 35°C. The presence of creamy-pink coloured colonies
indicated the growth of lactose ferments on MAC. E. coli K12
JM10 was used as a positive control and Pseudomonas
aeruginosa was used as negative control.
Catalase Test
This test was used to identify organisms that produce the
enzyme catalase. The function of this enzyme is to detoxify
hydrogen peroxide by breaking it down into water and oxygen
gas. The catalase test was performed per [21, 22]. A small amount of
fresh bacterial colony (24 h growth) was transferred to a surface
of clean, dry glass slide using a sterile loop. Two drops of distilled
water were dropped onto the slide and mixed to make a bacterial
suspension. Then, two drops of 3% H2O2 (bioMerieux, USA)
were dropped onto the suspension. Appearance of bubbling
immediately indicated a positive result while no bubbles or only a
few scattered bubbles indicated a negative result. Staphylococcus

Table 1: Percentage of bacteria producing extracellular protease (positive) and not producing
extracellular protease (negative).

Fig. 2: Hydrolytic capacity of sea isolates after 24, 48 and 72 h incubation at 30ºC
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aureus was used as the positive control and Streptococcus
pyrogen was used as the negative control
Hemolysis Test on Columbia Sheep Blood Agar
A blood agar plate was used to tests the ability of an organism
to produce hemolysins, enzymes that damage/lyse red blood cells
(erythrocytes). The degree of haemolytic activity in these
hemolysins is useful in identifying members of the genera
Staphylococcus, Streptococcus and Enterococcus.
Gram-positive cocci that are catalase positive were cultured
on the Columbia sheep blood agar and incubated for 24 h at 35°C.
The bacterial was streaked in a long W pattern using the
inoculating loop with enough of space in between the streak lines
thus making it easier to observe the results. To help observed the
haemolytic activity clearly; the plates were hold up to a light
source. Streptococcus pyrogen was used as positive control for βhemolysis, Streptococcus pneumonia was used as positive

control for α-hemolysis and E. coli K12 JM109 was used as
control for gamma on non-hemolysis.
BioMerieux's API® Bacterial Identification
BioMerieux's API® Identification kits (bioMerieux, USA)
were used according to the manufacturer for identification of
Gram-positive and Gram-negative bacteria. Four types of
bioMerieux's API® Identification kits were used in this study. The
kits used were API 50 CHB /20E, API 20NE and API STAPH
(bioMerieux's API® Identification kits)
RESULTS
Screening of Bacteria Producing Extracellular Protease
on Skim Milk Agar
Table 1 shows the result of screened for extracellular protease
production by streaking on the skim milk agar and incubation at
30°C for 24, 48, and 72 h. Forty-one out of the 100 isolates

Table 2: Identification of bacteria producing extracelullar protease from Port Dickson Sea

ND : Not determined
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exhibited proteolytic activity through the appearance of clear
zones. The milk protein (casein) was hydrolyzed by extracellular
protease in the agar medium thus formed the clear zones. Twenty
two out of the 50 isolates were from the sea sample and 19 out of
the 50 isolates were from the lake sample.
Hydrolytic Capacity (HC) Measurement of Sea Isolate by
Well Diffusion Assay
According to the well diffusion assay, 3 out of the 22 positive
isolates from the sea, namely S1, S19, and S25, exhibited the
highest hydrolytic capacity based on the ratio of diameter of
clearing zone and colony after 24 h of incubation at 30ºC (Fig. 2
and 3). This indicates that the bacteria isolates had the ability to
degrade casein to produce nitrogen source for making proteins
and nucleic acids. Among the three isolates, S19 exhibited
significant increase of hydrolytic capacity as observed at 24 and
48 h, and after that it became stagnant as indicated at 72 h of
incubation. Isolates S15, S16, and S17 produced the extracellular
protease only at 72 h with low HC of between 1.0 - 1.5.
A spreading behaviour was observed in isolate S7, as it grew
and spread rapidly over the skim milk agar surface to the edge of
the agar plate at 48 h of incubation at 30 ºC. This behaviour was
also observed in another isolate, namely S24; however, this
pattern was only observed at 72 h of incubation at 30ºC. Due to the
spreading of the colonies to the edge of the agar plate, the clear
zone was diminished. Thus, the HC could not be determined at 48
h for S7 and at 72 h for S24. According to Kearns [23], this pattern of
movement is called “swarming”, in which bacteria arrange into
large colonies with intricate and complex architectures, allowing
them to expand efficiently by taking advantage of the available
resources. Spreading of isolates S34 and S50 was pronounced at
24 h, with spreading seen to the edge of the petri dish. Thus, no

Fig. 3: Hydrolysis zone formation of sea isolates after 24 and 48 h
of incubation at 30ºC. (A) S1 after 24 h. (B) S1 after 48 h. (C) S19
after 24 h. (D) S19 after 48 h. (E) S25 after 24 h. (F) S25 after 48 h.

Table 3: Identification of bacteria producing extracellular protease from Kelana Jaya Lake
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Fig. 4: Hydrolytic capacity of lake isolates after 24, 48 and 72 h incubation at 30ºC
clear zone was observed. Interestingly, this spreading behaviour
was not observed when the streaking technique was used in the
first screening.
Hydrolytic Capacity (HC) Measurement of Lake Isolate
by Well Diffusion Assay
As observed in Fig. 4 there are 3 patterns of HC exhibited by
L20, L21, L30, L40, L41 and L44 isolates. These 6 bacteria
exhibited the highest HC for lake isolates. The L20 isolate
exhibited the second best HC after the S19. The L20 and L21 have
the same patterns, where both exhibited increasing hydrolytic
capacity from 24 h and reached the highest HC at 48 h, and then
the HC decrease as observed at 72 h. The second pattern of
hydrolytic capacity exhibited by bacteria L30, L40 and L41 where
the HC was almost similar at 24, 48, and 72 h of incubation time.
Although the HC was slightly increased from 24 to 48 h, it was not
significant. The last pattern of HC showed by L44 where there is a
steady increasing of the hydrolytic capacity from 24 to 72 h of
incubation.
Similar to the sea isolates, few bacterial colonies namely L31,
L35, L37 and L38 grew and spread rapidly over the skim milk
agar surface to the edge of the agar plate. Due to this phenomenon,
the HC could not be determined (Fig. 4).
Identification of Bacteria Producing Extracellular
Protease
Morphological observation, Gram-staining, oxidase test,
lactose fermentation test, catalase test, hemolysis test and API®
identification results of the nine isolates namely S1, S19, S25,
L20, L21, L30, L40, L41 and L44 that exhibited the best HC
(between 1.5 to 2.3) when incubated between 24 to 72 h at 30°C
are shown as in Table 2 and Table 3.
From the Gram staining experiment and shape observation, 4
bacteria isolate namely S19, S25, L21 and L30 were identified as
Gram-positive with bacilli shape thus were subjected to the API
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Fig. 5: HBacteria producing extracellular protease from Port
Dickson Sea, and Kelana Jaya Lake. (A) S19 - Bacillus cereus 2.
(B) S25 - Bacillus cereus 2. (C) L21 - Bacillus cereus 1. (D) L30 Bacillus licheniformis. (E) L20 - Pseudomonas aeruginosa. (F)
L40 - Stenotrophomonas maltophilia. (G) L44 not determined.
(H) S1 could not be identified by API STAPH. (I) L41 could not
be identified by API STAPH
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50 CHB / 20E bacteria identification system. The sea isolate S19
exhibited 99.0% identification with Bacillus cereus 2 with a high
confident level of (T-value) 0.76. The S19 isolate did not produce
pigment but it exhibited pale white colour (Fig. 5A). The S25 sea
isolate was also identified as a Bacillus cereus 2 with a very good
identification percentage of 99.8% and a T-value of 0.75%.
Similar to S19, the S25 colonies possessed pale white colour and
did not produced pigments (Fig. 5B). Although S19 and S25 were
identified as Bacillus cereus 2, the patterns of HC of both bacteria
were somehow different. Unlike S19, the HC of the S25 were
almost similar (HC ~ 1.8, 1.7, 1.7) at 24, 48, and 72 h of
incubation whereas S19 at 24 h was 1.9 and exhibited significant
increased as observed at 48 h (HC = 2.3) and remain the same at
72 h. The lake isolates, L21 and L30 were identified as Bacillus
cereus 1 and Bacillus licheniformis, respectively. These isolates
did not produce pigment and exhibit whitish creamy colonies
(Fig. 5C and 5D).
The Gram-negative rod isolates that showed oxidase positive
and non-lactose fermentation, L20 and L40 were subjected to the
API 20NE bacteria identification system. The L20 isolates was
identified as Pseudomonas aeruginosa with a very good
identification (ID % = 99.4%) and confident level, T-value of
0.78. Furthermore, the L20 isolate exhibited transparent
brownish colonies and produced dark greenish/brownish pigment
on the agar surface (Fig. 5E). The dark greenish diffused pigment
on the agar surface was one of the Pseudomonas aeruginosa
characteristics. The L40 isolate was identified as
Stenotrophomonas maltophilia with a very good identification of
98.7% and high confident level, T-value of 0.5. The L40 did not
produce pigment and exhibited pale creamy colonies (Fig. 5F).
Stenotrophomonas maltophilia is an aerobic Gram-negative
bacillus that is found in various aquatic environments. The
identification of L44 was not determined but it exhibited pale
creamy colonies similar to L40 (Fig. 5G). Based on the
morphological observations, L44 might be classified as
Stenotrophomonas sp, similar to L40.

Skim milk was used as the proteolytic screening medium due
to its simplicity and cost effective. The bacteria were grouped
according to their efficiency of producing extracellular protease
by calculating the hydrolysis capacity (HC), i.e. the ratio of
diameter of clearing zone and colony. The S1 and L41 could not
be identified by the API STAPH identification system although
these bacteria exhibited Staphylococcus characteristic. The S1
produced yellow pigment with L41 produced more lightly yellow
pigment, Gram-positive coccus, catalase positive and no
haemolysin was detected on blood agar. These bacteria might
belong to the Micrococcus sp. The 16S ribosomal RNA gene
sequencing can be used for the confirmation. .
The Bacillus family are represented by the S19 and S25. Both
were identified as Bacillus cereus 2. L30 is identified as Bacillus
licheniformis, and L21 is identified as Bacillus cereus 1.
Although these bacteria belongs to the same family, they
exhibited different patterns of HC value that were observed at 24,
48 and 72 hours. Multitudes of Bacillus species producing
extracellular protease had been discovered since 1970 [25]. As of
July 15, 2017, Google Scholar search on “extracellular protease
production by Bacillus licheniformis” and “extracellular protease
production by Bacillus cereus” produced about 14,900 and
26,100 results, respectively. Vijayaraghavan et al. [26] showed
Bacillus cereus strain AT produced a high level of alkaline
protease using cow dung substrate (4813 ± 62 U g−1) under solidstate fermentation. From the industrial point of view, cow dung is
an ideal substrate for enzyme bioprocess due to its cheap cost and
availability. Current study on alkaline protease by B.
licheniformis can be found in [27-29].

The S1 and L41 were identified as Gram-positive coccus
showed catalase positive and hemolysis negative were subjected
to the API STAPH bacteria identification system. The S1
exhibited yellow colonies (Fig. 5H) and L41 (Fig. 5I) possessed
pale yellow colonies. Both colonies showed Staphylococcus
characteristics; Gram-positive coccus, catalase positive and no
haemolysin on blood agar. However, both isolates could not be
identified by the API STAPH system. It seems that S1 and L41
might belong to the Micrococcus sp. family.

Extracellular protease from P. aeruginosa had been studied
extensively as indicated by the 46,100 results as of July 15, 2017.
For example, a novel extracellular protease from Pseudomonas
aeruginosa MCM B-327 was identified that may have application
in dehairing for environment-friendly leather processing [30].
Optimization of fermentation conditions, extracellular protease
characterization and cloning of the extracellular protease gene
from Stenotrophomonas maltophilia had been studied by [31-33].
According to Xiuqin et al. [32] S. maltophilia strain D2 produce an
extremely high optimal pH and moderate thermal tolerance of the
alkaline serine protease, suggested it may be potential for use as a
biocatalyst in the industry. Interesting feature exhibited by the S.
maltophilia KB13 where it could metabolize 10 g/l chicken
feathers as a sole source of carbon and nitrogen [33]. This strain
produces protease activity and reached its maximum level
(103.26 ± 7.09 U/ml) on the 4th day of incubation.

DISCUSSION

CONCLUSION

The motivation of conducting this project is to discover new
unique properties of extracellular protease which is
biotechnological important. Though plants and animals also
produce extracellular proteases, microorganisms are preferred
source of proteases because of their rapid growth, limited space
required for their cultivation, longer shelf life and the ease with
which they can be genetically manipulated to generate improved
enzymes. Proteases with high activity and stability in high
alkaline range and high temperatures are interesting for
bioengineering and biotechnological applications. According to
Cui et al. [24] alkaline protease produced by marine bacteria had
significant activity and stability at high pH and temperatures. In
addition, this study also explored the ability of bacteria isolated
from the freshwater lake located in the Kelana Jaya city to
produce extracellular protease with unique properties.

In conclusion, 22 out of the 50 bacteria from the sea sample
and 19 out of the 50 bacteria from the lake sample were
successfully isolated to produce extracellular protease, as
indicated by the clear zone formation on skim milk agar. Nine
isolates, namely S1, S19, S25, L20, L21, L30, L40, L41, L44
exhibited the best HC (between 1.5 to 2.3) when incubated
between 24 to 72 h at 30°C. Sea isolate S19 exhibited the fastest as
well as the highest extracellular protease producer after 24, 48,
and 72 h at 30ºC. The S19 was identified as Bacillus cereus 2 by
API 50 CHB/20E. Further investigation on the growth kinetics of
the extracellular protease, type of substrate source and type of
protease produced by S19 (Bacillus cereus 2), S25 (Bacillus
cereus 2), L20 (Pseudomonas aeruginosa), L30 (Bacillus
licheniformis), L21 (Bacillus cereus 1) and L40
(Stenotrophomonas maltophilia) need to be evaluated in order to
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characterize their extracellular protease properties.
ACKNOWLEDGEMENT
This study was supported in part by the Lincoln University
College MALAYSIA. Abdullah Yahya fellowship was provided
by Abbs Community College, Yemen. The author would like to
thank the Head of Microbiology & Immunology Laboratory,
Universiti Kebangsaan Malaysia Medical Center (UKM MC), Dr
Tzar Mohd Nizam for allowing Mr Abdullah Yahya to conduct the
bacterial identification experiment in his laboratory. Thanks also
go to Madam Hamindah Yusoff, the Microbiology &
Immunology Laboratory (UKM MC) lab manager, for providing
important API reagents and microbial culture media.
REFERENCES
1.
Vijayaraghavan P, Vincent SGP. A simple method for the
detection of protease activity on agar plates using
bromocresolgreen dye. Journal of Biochemical Technology.
2013: 4(3): 628-630.
2.
Kummari S, Prasad S. Isolation and screening of protease
producing bacteria from soil. International Journal of Emerging
Trends in Science and Technology. 2015: 2(05).
3.
Bajaj BK, Sharma P. An alkali-thermotolerant extracellular
protease from a newly isolated Streptomyces sp. DP2. New
Biotechnology. 2011: 28(6): 725-732.
4.
Kocher GS, Mishra S. Immobilization of Bacillus circulans
MTCC 7906 for enhanced production of alkaline protease under
batch and packed bed fermentation conditions. Internet Journal
Microbiol. 2009: 7(2): 359-378.
5.
Rahman RN, Mahamad S, Salleh AB, Basri M.. A new
organic solvent tolerant protease from Bacillus pumilus 115b.
Journal of Industrial Microbiology & Biotechnology. 2007:
34(7): 509-517.

Wright J, Cavicchioli R. A new broad specificity alkaline
metalloprotease from a Pseudomonas sp. Isolated from
refrigerated milk: role of calcium in improving enzyme
productivity. Journal of Molecular Catalysis B: Enzymatic. 2015:
113: 1-8.
12. Zerdani I, Faid M, Malki A. Feather wastes digestion by
new isolated strains Bacillus sp. in Morocco. African Journal of
Biotechnology. 2004: 3(1): 67-70.
13. Garriga M, Hugas M, Gou P, Aymerich MT, Arnau J,
Monfort JM. Technological and sensorial evaluation of
Lactobacillus strains as starter cultures in fermented sausages.
International Journal of Food Microbiology. 1996: 32(1): 173183.
14. Vermelho AB, Meirelles MNL, Lopes A, Petinate SDG,
Chaia AA, Branquinha MH. Detection of extracellular proteases
from microorganisms on agar plates. Memorias do Instituto
Oswaldo Cruz. 1996: 91(6): 755-760.
15. Tóth EM, Borsodi AK, Felföldi T, Vajna B, Sipos R,
Márialigeti K. Practical Microbiology: based on the Hungarian
practical notes entitled "Mikrobiológiai Laboratóriumi
Gyakorlatok": Eötvös Loránd University; Budapest, 2013.
16. Rodas AM, Ferrer S, Pardo I. 2003. 16S-ARDRA, a tool for
identification of lactic acid bacteria isolated from grape must and
wine. Systematic and Applied Microbiology. 2003: 26(3): 412422.
17. Uyar F, Porsuk I, Kizil, G, Yilmaz EI. Optimal conditions
for production of extracellular protease from newly isolated
Bacillus cereus strain CA15. EurAsian Journal of Biosciences.
2011. 5: 1-9.
18. Hendricks CW, Doyle JD, Hugley B. A new solid medium
for enumerating cellulose-utilizing bacteria in soil. Applied and
Environmental Microbiology. 1995: 61(5): 2016-2019.

6.
Papamichael EM, Theodorou LG, Perisynakis A, Drainas
19. John GH, Noel RK, Peter HAS, James TS, Stanley TW,
C. Purification and characterization of a novel extracellular
Bergey's Manual of Determinative Bacteriology: Lippincott
protease from a halo‐
alkaliphilic Bacillus sp. 17N‐
1, active in
Williams & Wilkins; USA, 1994. p. 11.
polar organic solvents. Environmental Technology. 2010: 31(10):
20. Funke G, Monnet D, von Graevenitz A, Freney J.
1073-1082.
Evaluation of the VITEK 2 system for rapid identification of
7.
Tremacoldi CR, Monti R, Selistre-De-Araújo HS, Carmona
medically relevant gram-negative rods. Journal of Cinical
EC. Purification and properties of an alkaline protease of
Microbiology. 1998: 36(7): 1948-1952.
Aspergillus clavatus. World Journal of Microbiology and
21. Shaw C, Stitt JM, Cowan ST. Staphylococci and their
Biotechnology. 2007: 23(2): 295-299.
classification. Microbiology. 1951: 5(5): 010-1023.
8.
Haddar A, Hmidet N, Ghorbel-Bellaaj O, Fakhfakh-Zouari
N, Sellami-Kamoun A, Nasri M. Alkaline proteases produced by 22. Mehmood T, Masud T, Abbass SA, Maqsud S. Isolation and
Bacillus licheniformis RP1 grown on shrimp wastes: Application Identification of wild strains of lactic acid bacteria for yoghurt
in chitin extraction, chicken feather-degradation and as a preparation from indigenous dahi. Pakistan Journal of Nutrition.
dehairing agent. Biotechnology and Bioprocess Engineering. 2009: 8(6):866-871.
2011: 16(4): 669-678.
23. Kearns DB. A field guide to bacterial swarming motility.
9.
Mala M, Srividya S. Partial purification and properties of a Nature Reviews Microbiology: 2010: 8(9): 634-644.
laundry detergent compatible alkaline protease from a newly
24. Cui H, Yang M, Wang L, Xian CJ. Identification of a new
isolated Bacillus species Y. Indian Journal of Microbiology. 2010:
marine bacterial strain SD8 and optimization of its culture
50(3): 309-317.
conditions for producing alkaline protease. PloS one. 2015:
10. George N, Chauhan PS, Kumar V, Puri N, Gupta N. 10(12): e0146067.
Approach to ecofriendly leather characterization and application
25. Sidler W, Zuber H. Isolation procedures for thermostable
of an alkaline protease for chemical free dehairing of skins and
neutral proteinases produced by Bacillus stearothermophilus.
hides at pilot scale. Journal of Cleaner Production. 2014: 79: 249Applied Microbiology and Biotechnology. 1980:10(3): 197-209.
257.
26. Vijayaraghavan P, Lazarus S, Vincent SGP. De-hairing
11. Ertan H, Cassel C, Verma A, Poljak A, Charlton T, Aldrichprotease production by an isolated Bacillus cereus strain AT under
328

Asian J. Biol. Life Sci. | May-Aug 2017 | Vol-6 | Issue-2
solid-state fermentation using cow dung: Biosynthesis and
properties. Saudi Journal of Biological Sciences. 2014: 21(1): 2734.
27. Chatterjee S. Production and estimation of alkaline protease
by immobilized Bacillus licheniformis isolated from poultry farm
soil of 24 Parganas and its reusability. Journal of Advanced
Pharmaceutical Tchnology & Research. 2015: 6(1): 2.
28. Lakshmi BKM, Sri PR, Devi KA, Hemalatha, KPJ. Media
optimization of protease production by Bacillus licheniformis
and partial characterization of alkaline protease. Int. J. Curr.
Microbiol. App. Sci, 2014: 3(5): 650-659.
29. Suganthi C, Mageswari A, Karthikeyan S, Anbalagan M,
Sivakumar A, Gothandam KM. Screening and optimization of
protease production from a halotolerant Bacillus licheniformis
isolated from saltern sediments. Journal of Genetic Engineering
and Biotechnology. 2013: 11(1): 47-52.
30. Zambare V, Nilegaonkar S, Kanekar P. A novel extracellular
protease from Pseudomonas aeruginosa MCM B-327: enzyme
production and its partial characterization. New Biotechnology.
2011: 28(2): 173-181.
31. Wang Z, Sun L, Cheng J, Liu C, Tang X, Zhang, H, Liu Y.
The optimization of fermentation conditions and enzyme
properties of Stenotrophomonas maltophilia for protease
production. Biotechnology and Applied Biochemistry. 2016:
63(2): 292-299.
32. Xiuqin C, Chunxia B, Weiqi S, Wei Z, Jie S, Yumei D,
Zhiyong Y. Purification and stability characteristics of an
extracellular alkaline serine protease from a newly isolated
Stenotrophomonas maltophilia strain D2. African Journal of
Microbiology Research. 2013: 7(33): 4244-4250.
33. Bhange K, Chaturvedi V, Bhatt R. Feather degradation
potential of Stenotrophomonas maltophilia KB13 and feather
protein hydrolysate (FPH) mediated reduction of hexavalent
chromium.3 Biotech. 2016: 6(1): 42.

329

