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ABSTRACT

Forty isolates of Bacillus spp. were isolated from sixty samples including; soil, water and
meat. Ability of these isolates to produce protease was evaluated. Bacillus B1 isolated that
isolated from soil showed the highest protease production. it was identified as a strain of
Bacillus licheniformis.The optimum culture medium and conditions for protease production
were casein-yeast extract medium contained soluble casein (0.5g), yeast extract (0.5g),
glucose (1g), KH2PO4 (0.02g), K2HPO4 (0.02g) and MgS04.7H20 (0.01g), in 100ml distilled
water, pH 8.0 and incubated at 37°C. for 48 h. The crude protease exhibited ability to
remove the blood color from cloth within 30 min and gelatin from X-ray film within 120 min.

Keywords: Protease, Production, Bacillus licheniformis, applications.
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Introduction

Proteases are a group of enzymes that
hydrolyze peptide bonds of proteins and
break down into polypeptides or free
Proteases constitute a
They

constitute 59% of the global market of

amino acids [1].

class of industrial  enzymes.

industrial enzymes, which is expected to
exceed S 2.9 billion by 2012 [2]. They

have got wide range of commercial

usage in detergents, leather, food and
pharmaceutical industries [3]. One of the
that

suitability of

most important characteristics
the

is their

determine industrial

proteases requirement of high
pH for optimum enzyme activity [1]. The
preferred sources of proteases are
microbes because of their rapid growth
and the ease with which they can be
genetically manipulated to generate new
with altered

enzymes properties.
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However, many of the alkaline proteases
applied to industrial purposes face some
limitations such as low stability towards
surfactants and production cost of the
arisen

enzymes from growth medium

[4]. The genus “Bacillus” is an important

source of industrial alkaline proteases
and is probably the only genus being
commercialized for alkaline protease
production [5]. Screening of alkaline
proteases producing Bacillus spp. from
different ecological environments can
result in isolation of new alkaline
proteases with unique physio-chemical

characteristics [6]. It is known that the

amount of enzyme produced greatly
depend on strain and growth conditions.
Therefore, there is a need to the search
of new strains of bacteria that produce
with

properties and the development of low

proteolytic enzymes novel

cost media .
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Materials and Methods

Microorganism

soil
the
examination

licheniformis isolated from
identified

morphological,

Bacillus
and according to
microscopic
and

and biochemical tests

DeVos [7].

of Logan,

Determination of Proteases Production

Two methods were used for production
of proteases.

Semi-quantitative method [8]

Skim  milk-peptone agar consisted of
Skim milk powder 10 g, Peptone 0.5 g,
Agar powder 2 g and distilled water 100
ml. the mixture was inoculated for 24 h
with old bacterial culture and incubated

for 24 h at 40 °C. Clear zone around the

spots and underneath the growth
indicate protease production. The
diameter of colonies and clear zones

were measured. The ratio of clear zone

diameter to colony diameter was

which
guantitative assay of protease.

calculated represents a semi

2Quantitative method [9].

broth
(Peptone 0.5 g, Soluble casein 0.2 g, NaCl
100ml) was
inoculated with 0.1 of activated bacterial
suspension (optical density = 0.3 at 600
nm) and incubated at 40°C for 24 h. The
crude enzyme was extracted by cooling

Ten ml of  casein-peptone

0.5 g and distilled water

centrifugation for 15 min. Then the
enzyme activity and protein
concentration was measured in the

supernatant.
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Assay of Protease Activity

Protease Activity was determined

spectrophotometrically according to
previous method of Anson [10] with littel
modification. Enzyme extracted solution
(0.2 ml) was incubated with 1.8 ml of

casein solution at 40 °C for 15 min. The

blank consisted of 1.8 ml of reaction
solution and 3.0 ml of 5 % TCA
(trichloroacetic acid) and 0.2 enzyme
solution. The reaction was stopped

adding 3.0 ml. of 5 % trichloroacetic acid
and incubated at 25 °C for 10 min. The
mixture was centrifuged by cooling
(3000 g) for then
supernatant was separated. Quantity of
25 ml of 0.5M Na2CO3 solution was

added to 1 ml of the supernatant and 1

centrifuge 10 min,

ml of Folin—Ciocalteus reagent was
added and incubated at 37°C for 20 min.
The absorbance (0.D.) at 600 nm was
measured. One unit of protease activity
was defined as the amount of enzyme
required to liberate one pg of tyrosine

per minute per ml. under assay
conditions.

Determination the optimum conditions
of enzymes production.

Effect of different media in

protease Production

The bacterial isolate was activated by
culturing in nutrient broth and incubated
at 37°C for 24 h. Each 100 ml of different
[9],

Horikoshii medium (11) and Casein-yeast

media  casein—peptone  medium
extract medium [12] was inoculated with
2 ml of bacterial suspension (O.D = 0.3
at 600 nm) and incubated at 37°C for 24

h. The cells were precipitated by cooling
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centrifugation at 3000 rpm. The
supernatants (crude enzyme) were
assayed for enzyme activity, protein
concentration and calculated specific

activity, for select the best production
medium.
Effect of Incubation Temperature

on Enzyme Production

Quantity 100 ml of casein-yeast extract
inoculated with 2 ml of
activated bacterial suspension (0.D = 0.3
at 600 nm) and incubated at different
temperatures (37, 40, and 50 °C) for 24
h. The assayed
enzyme concentration

medium was

supernatant was for

activity, protein

and specific activity .

Effect of Initial

Production

pH on Enzyme

Hundred militer of casein-yeast extract
medium was prepared at different pH
values (7.0, 8.0, 9.0 and 10.0) adjusted
with 1IN HCl and 1N NaOH. The medium
was of activated
bacterial suspension (O.D = 0.3 at 600

nm) and incubated at 37 °C for 24 h. The

inoculated with 2 ml

supernatant was assayed for enzyme
activity, protein concentration and
specific activity.

Effect of Incubation Period on

Enzyme Production

Hundred militer of casein-yeast extract
medium at pH 8 was inoculated with 2
ml of activated bacterial suspension (0.D
= 0.3 at 600 nm) and incubated at 37°C
for different time intervals (24, 48 and
72 h). The supernatant was assayed for
enzyme concentration,

activity, protein
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and specific activity. All experiments

achieved as a duplicated.
Statistical Analysis

The Statistical Analysis System- SAS [13]

was used to determine the significant

difference between the different
parameters. LSD test (Least Significant
Difference) at probability level P < 0.05
was applied to be significant difference.
RESULTS AND DISCUSSION

Isolation of Bacillus

Sixty samples were collected from

different sources; soil, water and meat.

Forty bacterial isolates were identified as
spp.
characteristics on

Bacillus according to  growth

nutrient agar and
(Table 1). The

showed a

microscopic examination

growing isolates very wide

range of colonial morphologies, they

varied from moist and glossy to wrinkled

texture. Microscopic examination

showed Gram positive rod cells, may

occur singly, pairs, chains and filaments.

Spore forming and spore shapes vary
from cylindrical through ellipsoidal to
spherical. Spores might be terminally,
subterminal, or central position.
However, a Gram-stain is sufficient to
determine the presence of spores
because the spore remains unstainable
while the vegetative cells or the
vegetative part of the spore will stain

[14].

Screening for protease producing

Bacillus

Semi-quantitative screening
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Proteolytic activity was assayed using
skim milk-peptone agar and expressed as
diameter of clear zone to diameter of
colony (Table 2). A clear zone of skim
indication of
[15].
Bacteria are the most dominant group of
protease with  the

Bacillus being the most prominent and

milk hydrolysis gave an

protease producing  organisms

producers genus
serve as an ideal source of this enzyme
[9]. Due to their
limited required

and
their

rapid growth
space for

cultivation [16].

Quantitative screening

According to the previous results seven

isolates were selected for quantitative
screening of protease production (Table
3). The difference in the production of
enzyme from isolates might be due to
different source of the isolate or the

variation in  genes codes protease
synthesis [17]. Assay of protease activity
ability  of

casein

is depended on casein
thus

medium is used to detect the protease

hydrolysis containing

producing microorganisms [12].
Identification of Bacillus B1 isolate

Morphological and physiological
of the

investigated. Relying on the results it can

properties selected isolate was

be concluded that Bl isolate is belongs

to B. lichenoformis depending on

“Bergey's Manual of Systematic
Bacteriology [7] (Table 4). B.
licheniformis is spore former bacteria
give positive results in VP-test and

catalase [18]. Slepecky and Hemphill [14]
mentioned that B. licheniformis has the
ability to grow at 40°C. and 50°C. This

30

NO 1 YEAR 2014
species is used in a wide range of
industrial processes, including

production of enzymes such as protease
[19].

Effect of culture conditions

protease production

on

Effect of medium compositions

B. licheniformis Bl was cultivated in

different media then enzyme production

was assayed Results in figure (1)
indicated that the casein-yeast extract
medium was the best for protease
production. Glucose was found to be the
optimum carbon source for protease
activity by all Bacillus spp. [20]. From
nutritional aspects glucose plays an

essential role as enzyme inducer for B.
[21]. Good protease
activity was also observed with B. cereus

subtilis  strains

isolates in media supplemented with
glucose [22]. The organic nitrogen
compounds support the growth and

biosynthesis of protein, nucleic acid and
other cell constituents [23]. Martins and
Teodoro [24] found that the addition of

yeast extract to the liquid medium
shortened the lag period and increased
the enzyme synthesis. The effect of
various metal ions on protease
production was reported,

supplementation of Mg2+, Ca2+ and K+
salts to the culture medium exhibited
slightly better production [25].

Effect of
on enzyme production

incubation temperature

Protease activity was assayed at various
incubation temperatures (30, 37, 40 and
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50 °C). The result showed that the best
temperature for protease production by
B. licheniformis Blwas at 37°C. (Figure
2). Temperature is one of the most
important factors affecting the enzyme
production [22]. Ray et al. [26] reported
that regulate the
synthesis secretion of extracellular

temperature could
and
protease by microorganisms. The results
of this

licheniformis B1 are

experiment on Bacillus
in agreement with
alkaline Bacillus

other literatures on

strains producing alkaline proteases [27] .

Effect of pH of medium on
enzyme production
To investigate the effect of initial

medium pH on protease production, B.

licheniformis B1 was grown in casein-
yeast extract medium with different pH
the that the

enzyme was produced over pH ranged

values, results showed
from 7.0 to 10.0 the a maximum value

and of specific activity 5.5 U/mg protein,

was observed at pH 8.0 (Figure 3). The
most important characteristic of
microorganisms is their strong

dependence on the extracellular pH for
cell growth and enzyme production [28].
[29]
protease production could be achieved

Mona, found that the maximum
by controlled pH and temperature. Most
of the
Bacillus exhibit alkaline pH
8.0-10.0 [30] .

proteases produced by genus

ranged from

Effect of incubation period on

enzyme production

The
licheniformis B1 was observed after 24,

protease production by B.
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48 and 72 h of incubation period the
results revealed that the maximum
activity (6.1 U/mg) was obtained after 48
h. (Figure 4). It might be conclude that
protease is produced during logarithmic
phase and reaches its maximum value at

phase [31].
in culture medium did not
the
decreased after 32 h. of cultivation [32].
Other also  suggested that
incubation 48 h was the best
time extracellular
[1],
(33), B.

stationary Enzyme
production
change in stationary phase and
studies
for
incubation for
protease production by Bacillus sp.
B. licheniformis Lbbl-11

licheniformis SH-2 [20].

Some applications of protease.

Removing blood color.

The blood stain was removed from
pieces of cloth cotton after incubating
the cloth in crude protease from B.

licheniformis B1 for 30 min (Figure 5)
this illustrated showed a good efficiency
as compared with control. This result is
the
this enzyme in the detergent industry as
[34]. [35]
studied the high capacity of blood stain

confirmed potential application of

additives Nadeem et al,

removal by protease of B.
licheniformisN-2. Gehan et al., [36]
found that gradual removal of blood
stain by increasing the contact time

intervals from 10 to 50 min with the
enzyme solution .

Vishalakshi et [37] that
blood color is completely removed from
the
combination of detergent and partially

al., reported

cloths  after rinsing with a
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purified enzyme for a period of 20 min incubation temperature (30 °C) may be
and it was removed after 25 min when below the optimum for activity of this
rinsed with partially purified enzyme enzyme for hydrolysis gelatin.
alone . Vijayalakshmi, et al., [39] experimented

the efficiency of partially purified

Removing of gelatin from X-ray protease to hydrolyze the gelatinous

film coating on X-ray film, where incubated

) ) ) with X-ray films, the hydrolysis was
The gelatin coating X-ray film was L .

completed within 30 min .
removed by crude protease of B.

licheniformis B1 after incubating at 30 °C Conclusion
for two hours (Figure 6). The enzyme
when added to X-ray films removed the The local isolate of B. licheniformis Bl is
layer of gelatin and film became an efficient protease producer. Casein-
transparent [38]. In this study the yeast extract medium was the best
hydrolysis of gelatin was relatively slow, medium for protease production by B.
probably duo to slow adsorption of licheniformis B1 in alkali environment
protease on to the surface of films. Or (pH 8) after incubation at 37 C° for 48 h.
maybe the concentration of protease as Protease  exhibited  potential  ability
crude was low. Moreover, the through removing blood stain from cloth
and gelatin from X-ray film.

Table 1: Bacillus isolates obtained from different sources

Bacillus isolates

Sources of
Samples
No. of
samples
No. of
[volates

Bl. B2. B3. B4. B5. Bo. B7. BE. B2. B10.
Bll. B12 B13. Bl4. B15. Ble. B17. B18.
Soil 30 28 Bl19. B20. B21. B22. B23. B24. B25. B26.
B27 and B28

Bw2, Bw6, Bw/, BwE&, Bw?9, Bwl(0 and
Water | 15 7 Bwl2

Meat 15

]

Bm2. Bm3. Bm4. Bm>5 and Bm®

Total 60 40
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Table 2: Protein hydrolysis in Skim milk-peptone agar {(at pH7.0 and
pHS.0) cultured with Bacillus isolates and incubated for 24h. at 40°C.

Code Hydrolysis Code Hydrolysis Code Hydrolysis
number ratio™ number ratio number ratio
of isolates | pH prH of pH prH of pH pH

r 8 isolates I 5 isolates 7 8

El 4 4 BES 1.3 1 El8 1.2 1
B20O 3.5 3 B4 1.3 1 Bw7 1. 1
BT 3 2. BEl2 1.3 1 Bwl2 1.2 1
B3 2.4 2 Bm?2 1.3 1 B2 1.2 1
B2a& 2 2.4 B21 1.2 1 B27 1.1 1
Bl5 2 2 Bl4 1.2 1 B10O 1.1 1
B2 1.7 1.5 B13 1.2 1 Bwi 1.1 1
Bll 1.7 1 Bm+4 1.2 1 Bwg 1.1 1
B17 1.7 1 B28 1. 1 Bm3 1.1 1
Blo 1.6 1 B22 1.2 1 Bo 1.1 1
B24 1.5 1 B23 1.2 1 Bw 10 1.1 1
ES 1.5 1 Bms5 1.2 1
BS 1. 1 B25 1.2 1

L5D rH 7 0725 *
Walue:0.05 rH 8 0533 *

(1)Diameter of clear zone/ Colonv diameter.

Table (3): Specific activities of protease produced by Bacillus isolates after
24h. incubation at 40°C in Peptone-casein broth (pH 8).

Code Number of isolates | Specific activity(U/mg protein)
Bl 44
B20 3.7
B7 3.2
B3 3.0
B26 2.3
B1? 2.0
B15 1.8
LS8D Value : 0.05 0.702 *
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Table 4: AMorphological and Biochemical characteristics of Baciliny B1

isolate
Characteristics EBacillusr beheniformis
Call shapsa Fod
Spore shaps Ellipsoidal
Spors sits Ceantral
Gram stain =+
Catalazs =+
Miotility +
“ogss-Proskaner +
Starch hwdrolysis -+
Protsase production -+

Eegs-volk reaction
MNitrats reduction
Sodinm chlorids tolesrancs 730
Growth at 30°C
Clitrats utilization
Ansasrobic growth
(zelatin hwdrolwsis

Carbohwdrates fermentation

o+ | ]+

{Falactosa

Glucosa

Mlaltose

N I O

Sucrosa

+: positive rasult, -: nasative rasult.

6_
——
5 5 -
|
4
= i
o 4
E
= 3
.5‘-';‘.'
z -
jur]
=
[=F]
=9
w2
D_
iy B C
media

Figure 1: Protease production by B. licheniformis Bl cultured in different
media incubated at 37°C. for 24 hrs. at pH 8.0; A: Casein—peptone medium_ B:
Horikoshi medium. C: Casein-yeast extract medium. [L5D Value: 0.05 =0.493]
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Figure 2: Protease production by B. licheniformis Bl cultured in casein-
veast extract medium pH 8.0 and incubated at different temperatures for 24 h.
[L3D Value: 0.05 =1.02]

Specific activity (U/me. protein)

T a g 10
pPH

Figure 3: Protease production by B. licheniformis Bl cultured in casein-
yveast extract medium prepared at different pHs and incubated at 37°C. for 24h.
[L5SD Value: 0.05 = 1.148]
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6.1

[FT]

Specific activity (U/meg. protein)
La

24 48 V2
Time (h.)
Figure 4: Protease production by B. licheniformis Bl cultured in casein-

yeast extract medium prepared at pH 8.0 and incubated at 37°C for different
times. [L5D Value: 0.05 = 1.55]

Figure (5): Removal of blood colors from cloth piece by crude protease of
B. licheniformis Bl. The blood-cotaining cloth piece was incubated with crude

protease at 30°C for 30min. A, control (without enzyme): B, Sample treated
with enzyme.
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Figure (6): Removal of gelatin from X-ray films by crude protease of B.
licheniformis Bl. The X-ray films pieces were incubated with crude protease at

30°C. for 2h. A, control (without enzyme): B, Sample treated with enzyme.
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