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ABSTRACT

The previously optimized crude alkaline prote-

ase from the haloalkaliphilic Bacillus circulans L.

was partially purified using ammonium sulphate
fractionation and dialysis. The best specific ac-
tivity (27.7 U/mg protein) was obtained at 80% sa-
turation. The optimum reaction temperature and
reaction pH was 47°C and 9, respectively. The en-
zyme activity was enhanced with Ca and K chlo-
rides but suppressed with HgCl, and EDTA. The
partially purified protease showed strong prote-

olytic activity on sheep wool and chicken feather.

Also, the enzyme was compatible with the com-
mon detergent Tide and could improve its clean-
ing power in removing blood stain. These find-
ings support the application of the present alka-
line protease in biotechnological industries.

Keywords: Bacillus; Alkaline Protease; Ammonium
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1. INTRODUCTION

Proteases are hydrolytic enzymes that degrade protein
into polypeptides, dipeptides and then to amino acids [1].
In particular, bacterial alkaline proteases play an impor-
tant role in the industrial biotechnological processes and
they are one of the highest value commercial enzymes as
they have broad applications in food, pharmaceutical,
detergent, and dairy industries [2]. Of them, Bacillus spe-
cies are considered the most efficient for such purpose as
they produce large quantities of the enzyme [3-5].

Purification and biochemical characterization of en-
zymes, used in industry, are urgent to optimize their ac-
tivity. Enzymes can be partially purified by precipitation
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with ammonium sulphate which was used to precipitate
protease from Bacillus subtilis [6], B. cereus [7,8] and
another Bacillus sp. [9].

In addition to their wide applications, alkaline prote-
ases have received an increasing importance in degrada-
tion of different waste materials like sheep wool, dehair-
ing and leather processing [10] and degradation of feath-
ers resulted from chicken processing [11]. Such degrada-
tion can minimize the environmental pollution resulting
from disposal of these wastes. Moreover, alkaline prote-
ases could be exploited in detergent industry, as well [12,
13].

Accordingly, the present work aimed at partial purifi-
cation and characterization of the previously optimized
alkaline protease from the haloalkaliphilic Bacillus cir-
culans L. and its possible use in hydrolysis of sheep wool,
chicken feathers as well as its compatibility with a com-
mon detergent.

2. MATERIALS AND METHODS
2.1. Organism

The haloalkaliphilic Bacillus circulans L., previously
isolated from hypersaline alkaline soil at Al-Madinah
Al-Munawarah, KSA, was optimized for alkaline prote-
ase production [14]. The optimized medium contained
(9%): sucrose, 0.5; NH4;NO;3, 0.1; K;HPO,, 0.1; MgSO,.
7H,0, 0.02 and NaCl, 10. The medium pH was adjusted
to 8.5 (optimum pH). The inoculated flasks (optimum
inoculums age was 48 h) were incubated under shaking
at 45°C for 48 h (optimum temperature and optimum
incubation period) and the culture filtrate was collected.

2.2. Partial Purification of Protease

The culture filtrate of Bacillus circulans 1 was centri-
fuged at 3000 rpm for 15 min under cooling and the cell
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free filtrate (CFF) was collected. A known volume of the
CFF was subjected to elevated concentrations of ammo-
nium sulphate (20% - 100% saturation) to precipitate the
protein [15]. At each precipitation step, the obtained pre-
cipitate was dissolved in 5 ml of 0.5 M borax-NaOH
buffer (pH 8.5). The enzyme activity was assayed using
casein solution (0.6% casein in 0.5 M Boric acid-NaOH
buffer, pH 9.0) as substrate [14,16] and the protein con-
tent was estimated [17]. The specific activity was then
calculated. The precipitated enzyme preparation obtained
from the most suitable level of ammonium sulphate
(80%) was dialyzed overnight against sucrose and spe-
cific activity was calculated. After dialysis the enzyme-
reaction mixture was investigated for optimum tempera-
ture and pH and the effect of some metal ions.

2.3. Protease Characterization

The optimum reaction temperature was determined by
incubating the enzyme with substrate (casein) for 30 min
at different temperatures 27°C, 37°C, 47°C, 57°C and
67°C then protease activity was assayed. The optimum
pH for enzyme activity was investigated by adjusting the
reaction mixture at different pHs ranging from 6 - 10
using borax-NaOH buffer. Incubation was conducted at
47°C (the best reaction temperature) for 30 min then
protease activity was measured. The effect of chloride
salt of some metal ions, as well as EDTA (5 mM) on
protease activity was also investigated.

2.4. Proteolytic Activity of the Partially
Purified Enzyme on Wool and Feather

Sheep wool and chicken feathers were used as a sub-
strate instead of casein. They were dried, ground well
and mixed separately (600 mg) with 100 ml boric acid-
NaOH buffer at the optimum pH (9). One ml of this
mixture was added to 1 ml of enzyme and incubated at
47°C for 30 min. Then 2 ml of TCA solution was added
to stop the enzyme reaction and the proteolytic activity
was estimated in the filtrate as previously mentioned [14,
16].

2.5. Compatibility of the Enzyme with the
Common Detergent Tide

Application of the partially purified protease as a de-
tergent additive was studied on white cotton cloth pieces
(4 x 4 cm) stained with blood. Four blood stained cloth
pieces were placed separately in flasks containing 100 ml
dist. water. One piece is left without any treatment for
comparison (control) and the other three ones were treat-
ed separately with either: 1 ml Tide detergent (7 mg/ml),
1 ml enzyme solution or 1 ml Tide detergent (7 mg/ml) +
1 ml of enzyme solution. The flasks were incubated at
60°C for 15 minutes. Stain removal was observed visu-
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ally.

2.6. Statistical Analysis

The data presented were means of 3 replicates. The
standard error was calculated by Microsoft Excel soft-
ware. Analysis of variance to determine the significant
differences (P < 0.01) between means using SPSS statis-
tical software was applied.

3. RESULTS AND DISCUSSION
3.1. Partial Purification of Protease

In the present study, optimized alkaline protease from
B. circulans 1 was partially purified through precipitation
with ammonium sulphate which almost had a minimum
harmful effect on protein [15]. Ammonium sulfate is
costless and efficiently soluble salt, so it is often used for
such processes [18].

Ammonium sulfate fractionation pattern of protease
revealed that the highest enzyme activity (933.3 U/ml) as
well as the total protein (33.7 mg/ml) was obtained by
80% saturation with specific activity 27.7 U/mg protein
(Table 1). After dialysis protease activity increased to
935.2 U/ml with 1.02-fold increase (data not shown).

It was observed that the crude enzyme had a higher
activity as compared to the partially purified one which
suggested the presence of certain compounds in the
crude enzyme playing a role in enzyme stability and ac-
tivity [9].

3.2. Protease Characterization

The present partially purified alkaline protease was
investigated for the optimum reaction temperature, where
the highest enzyme activity was obtained at 45°C, 47°C
and 57°C with an optimum at 47°C at which an increase
of about 1.01-fold of activity at 45°C (the initial reaction
temperature) was achieved (Figure 1). In this regard, the
optimum reaction temperature was 55°C for protease
activity of Bacillus sp. JSGT and above it the enzyme

Table 1. Ammonium sulphate fractionation pattern of Bacillus
circulans L. protease.

Ammonium sulphate  Protein content Protease activity Specific

saturation (%) (mg/ml) (U/ml) activity

Crude extract 73.0+3.1 1032.0£7.9 141
20 143+0.6 59.6+2.1 4.2
40 18.3+0.5 1244+26 6.8
60 25719 4355+43 16.9
80 33.7+13 933.3+5.9 21.7
100 11.0+0.8 80.0+2.6 7.3
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Figure 1. Effect of reaction temperature and reac-
tion pH on the enzyme activity. (a) L.S.D.@1%:
6.8; (b) L.S.D.@1%: 9.3.
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denatured and lost its activity [19] while that of B. cohnii
APT5 [20] and B. cereus protease [8] was 50°C. How-
ever, the optimum reaction temperature for a strain of
Brevibacillus sp. was 70°C [21].

Reaction pH plays an important role in the activity of
enzymes. The present protease exhibited great activity in
the pH range of 6 - 10 (Figure 1) with an optimum at pH
9 (963 U/ml). Similar result was documented [19,22,23].
However, pH 8 and 10 was optimum for protease activity
of Brevibacillus sp. [21] and B. cereus [8], respectively.

Interestingly, it was clearly observed that at pH 10 the
enzyme activity (695 U/ml) was reduced but it was still
more than that recorded at pH 7 (612 U/ml, 1.14-fold
increase). These results confirm the alkaliphilic nature of
the present enzyme.

It is worthy to mention that, most industrial proteases
are produced by Bacillus spp. and are neutral or alkaline.
Bacillus spp. are favored in biotechnological industries
due to their low generation time, which leads to short
growth period, and due to their ability to produce ex-
tracellular proteins into the medium [5,24] .

The results of the effect of metal salts and metal che-
lator EDTA on enzyme activity revealed that EDTA had
negatively affected the activity where only 35% of the
control has been retained (Table 2). The inhibition
exerted by EDTA, which is a chelating agent for calcium
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Table 2. Effect of some metal ions and EDTA on the enzyme
activity.

Metal salt (mM) Protease (U/ml) Residual activity (%)

Control 935.2 100
CuCl, 833.0 89
MnCl, 914.0 97

KCI 966.3 104
CaCl, 984.5 106
ZnCl, 573.6 61
HgCl, 40.0 4
EDTA 328 35

L.S.D.@1% 4.3

ions, may indicate that the present enzyme belonged to
metallo-proteases. The inhibition of EDTA to alkaline
protease activity of Brevi bacillus sp. [21], halophilic
Halogeometrium boringuenes [25] and Bacillus cohnii-
APT5 [20] was reported. Oppositely, the thermostable
alkaline protease from Lactobacillus brevis was strongly
activated by EDTA [23].

The activity of the present enzyme was stimulated
when treated with CaCl, or KCI where 106 and 104%
increase of the control was achieved, respectively (Table
2). Stimulation of either Ca or K ions was reported for
protease of Lactobacillus brevis [23] and another Bacil-
lus sp. [26], respectively. In this regard, calcium ions
play a role in stabilization and activation of the halo-
philic Halogeometrium boringuenes protease [25]. This
fact is clear in the present investigation as EDTA (che-
lating agent for calcium ions) caused a great suppression
(65%). In addition, some metal ions can protect enzymes
from the harmful effect of temperature and play a role in
conserving the active site of the enzymes at higher salt
concentrations and higher pHs [27]. Moreover, it is urged
to know the convenient metal ions and metal concentra-
tion for activation and stabilization of the enzymes which
are used in commercial levels [28].

Table 2 also revealed that, while MnCl, exhibited
slight suppression on enzyme activity (residual activity
97%), Cucl, and ZnCl, were more suppressive (residual
activity 89 and 61%, respectively). Similar result was
observed for alkaline protease from Brevibacillus sp.
strain PLI-1 where Cu®* and Zn** could almost com-
pletely inhibit the activity of the enzyme [21]. On the
contrary, alkaline protease activity of Bacillus cohnii
APTS5 increased by 53% when treated with Mn?* [20].

On the other hand, the highest suppression on activity
was detected by HgCl, where only 4% of this activity
was retained. Similarly, Hg?" strongly inhibited alkaline
protease activity of Bacillus sp. [26] and Lactobacillus
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brevis [23]. The inhibition exerted by some metal ions as
Hg?* might be due to their interference with the enzyme
functional group like SH group [26].

3.3. Proteolytic Activity of the Enzyme on
Wool and Feather

The present enzyme exhibited high proteolytic activity
towards both wool and feather substrates, with the for-
mer being more digested (Table 3). These findings sug-
gested the application of the present alkaline protease in
the dehairing and leather processing [10]. Protease from
Kocuria rosea showed high affinity towards feathers than
other substrates [11].

3.4. Compatibility of Protease with the
Common Detergent Tide

It is worthy to mention that, the present alkaline pro-
tease from Bacillus circulans L. was not only stable in
presence of Tide detergent but also has a great efficiency
in cleaning blood stains from piece of cloth either alone
or in mixture with the detergent (Figure 2) but with the
latter being more effective and giving the best cleaning

Table 3. Proteolytic activity of B. circulans L. Protease on
wool and feather.

Protienaceous substrate Proteolytic activity (U/ml)

Sheep wool 231.4+0.6

Chicken feather 1706+ 2.6
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Figure 2. Removal of blood stains by protease enzyme. (a)
Control; (b) Detergent only; (c) Enzyme only; (d) Enzyme +
Detergent.
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power. Similar result was observed after the addition of
protease from B. subtilis PE-11 [27] and B. brevis SSAI
[30] and B. cereus [8] to commercial detergents.

In this respect, in 1994 enzymes used in detergent in-
dustry was accounted for about 112 million $ of the
world markets [29]. Alkaline proteases, particularly those
which exhibit optimum activity at high pHs and high
temperatures and used in detergent industry are preferred
as an eco-friendly phosphate -free detergents [12].

The findings in this study suggest that the ability of
the present alkaline protease of B. circulans 1 to hydro-
lyze sheep wool offering its possible application in re-
moving hair from skin and hides in leather tanning in-
dustry, especially under alkaline conditions prevailing in
such industry and instead of common chemicals which
cause hazard environmental pollution. Furthermore, the
present alkaline protease can be exploited in green recy-
cling of feather wastes in poultry which offers cheap,
safe and friendly environmental approaches that may
help in reduction of pollution problems. The efficiency of
B. circulans L. alkaline protease in removing blood stains
encourages its possible use as suitable candidate for im-
proving the cleaning property of Tide detergent.
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