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Abstract
Recently, more attention to Keratinolytic materials which can be converted into feed-stuffs, biofertilizers, glues, and foils or used
for production of amino acids. Here, we determined the optimum conditions for keratin hydrolysis by alginate-immobilization of
crude keratinase isolated from Bacillus lichenoformis. The results of this study indicated that the optimum pH for keratin
degradation by immobilized keratinase enzyme was pH 8. Moreover, the crude enzyme was stable for 2 hours at pH 4, 7 and 10
and retained 55.5 %, 60 % and 53 %, of its activity respectively for immobilized enzyme while free enzyme retained only 40 %, 40
% and 61 %, respectively. The optimum temperature for keratinase activity was 50 oC when immobilized in alginate. At
temperatures 30, 45 and 60 oC, keratinase was stable for 2 hours and retained 57 %, 66 % and 57 %, of its activity respectively for
immobilized enzyme while free enzyme retained only 51 %, 62 % and 51 %, respectively. Furthermore, the effects of activators
and inhibitors on the enzyme activity have been investigated.
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1. Introduction
The resistance of keratinolaceous substances to hydrolysis
by trypsin, pepsin, and papain could be attributed to the high
degree of bisulphite linkage and its hydrophilic characteristics
[1-3]. Different researchers are interesting in the recovery of
protein from feather wastes [4,5]. Several microorganisms
isolated from poultry wastes have the ability to produce
keratinolytic enzymes [6,7]. Many bacteria, actinomycetes and
fungal species can degrade keratin [8-10]. Effective Keratinase
from B. licheniformis and B. subtilis is used in feather industries
[9,11]. Previously, we reported the isolation, characterization of
different Bacillus isolates with high activity of feather and azokeratin degrading capacity [12,13].
Keratinase (E.C.no.3.4.99.11) is a group of proteinase used in
hydrolysis of feather, hair, wool and in sewage water treatment
[14]. While the nature of keratinase is still exactly unknown, it
can effectively degrade feather insoluble keratin into useful
meal [15], nitrogen fertilizers, biodegradable films, glues and
foils [16, 17]. Keratinase is used effectively in traditional
industries such as medicine and leather industries [1,18], as well
as plastic, feather meal industries [17]. New fields of keratinase
application are discovered as they degrade prions [19].
Immobilization of microbial cells and functional proteins
becomes one of the most valuable tools in the field of
biotechnology. Entrapment of microbial Bacillus spp. has been
reported to improve the production of keratinolytic enzymes
[13]. Moreover, immobilized enzymes have been used on
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various carriers e.g. sintered glass beads [20]. For industrial
applications, enzyme immobilization may offer several
advantages such as, reusability of the enzyme and improvement
of enzyme stability [21]. In this study, we investigated the main
characteristics of free and alginate-immobilized keratinase for
azo-keratin hydrolysis.
2. Materials and Methods
2.1. Preparation of Crude Enzyme
The preparation of crude enzyme was performed according to
[22], the microorganism used in this study was Bacillus
licheniformis isolate No.3 isolated from poultry waste [12].
Cells were grown in sterile feather culture medium containing
0.5 g of NH4Cl, 0.5 g of NaCl, 0.5 g of K2HPO4, 0.4 g of
KH2PO4, 0.1 g of MgCl2.6H2O, 0.1 g of yeast extract, and 10 g
of white chicken feathers per liter. The pH was adjusted to 7.5
using a pH meter. After 3 days of incubation at 40°C, the
culture was centrifuged at 10,000 rpm for 20 min. The
supernatant was filtrated through filter-sterilized (Millipore, 0.2
μm). Furthermore, the culture fluid was pre-concentrated twice
per volume using an ultra-centrifugal filter (10kDa cutoff) and
used as the crude enzyme.
2.2. Entrapping of Keratinase in Alginate
Sterilized crude keratinase was immobilized by entrapping in 2
% Ca-alginate by the method used at our laboratory [23]. The
immobilization efficiency of the crude keratinase was calculated
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by measuring the activity of enzyme before and after entrapping
in alginate.
3. Factors affecting keratinase activity and stability
3.1. Effects of pH

Keartinase activity was determined using azo-keratin as
described by Saieb [13]. A unit of keratins activity was defined
as a 0.01-unit increase in the absorbance at 450 nm as compared
to the control after 15 minutes of reaction.
3.9. Statistical analysis

The effect of pH on free and immobilized enzyme activity was
assayed using keratin azure as a substrate. Keratinase activity
was studied in the pH range from 3.0 to 10.0, using the
following buffers (50 mM); potassium phosphate
(KOH/KH2PO4) (pH=6-8), Tris-HCl (pH=9.0), Glycine/NaOH
(pH, 10) [24].
3.2. The pH stability

The triplicate sets of data for the various parameters evaluated
were subjected to ANOVA (Analysis of variance) in accordance
with the experimental design (Completely Randomized Design)
using SPSS11 statistical packages to quantify and evaluate
L.S.D values were calculated at P level of 0.05 %. All the tested
samples are expressed as mean values with standard deviations
of three replicates.

Free and immobilized keratinase were pre-incubated at 45 oC
and different pHs (pH 4,7and 10). Samples were taken at
different time intervals (30, 60, 90 and 120 min) to measure the
residual enzyme activities using the methods described before.

4. Results
4.1. Effect of different factors on the activities of free and
immobilized crude keratinase enzyme
4.1.1. Effect of pH

3.3. Effects of temperature
The optimum temperatures for free and immobilized keratinase
activity were determined at different incubation temperatures
between 25 and 65 oC at 5 oC intervals.
3.4. Thermal stability
The free and immobilized crude enzyme samples were
incubated at several temperatures from 25 to 65 oC in 50 mM
potassium phosphate buffer (pH 7.5). At different time intervals
(30, 60, 90 and 120), the remaining activity was measured at the
optimum conditions of enzyme assay.
3.5. The effects of some chemicals on keratinase activity
Crude and immobilized culture supernatant fluids were preincubated at room temperature for 5 min with different
additives. These additives were prepared in two different
concentrations prior to measurement of keratinase activity [24,
25]. These additives were tested at 5 mM/l concentration, except
for NaCl, which in addition to this concentration was tested at 5
to 15 mM/1. These compounds were; EDTA; FeSO4; HgCl2;
ZnSO4; CuCl2; CaCl2; MnCl2; KCl; urea; NiCl2; MgSO4 and
NaN3.

(Figure 1) indicated that both free and immobilized keratinase
showed different pH optima, both free and immobilized enzyme
activities increased with increasing pH, up to pH 8-9. The
maximum keratins activity of the free enzyme was at pH 8 and
the maximum keratinase activity of immobilized enzyme was
pH 7.5. (Figure 1) also indicated that immobilized keratinase
enzyme (KE) showed high activity in the range pH 7-8 and that
the activity decreased at higher or lower pH values. The free
enzyme although showed lower activities at the different pH
values than the immobilized one, it was more stable at pH 7-9.
4.1.2. The pH stability
Results in (Figure 2) showed that the free and immobilized
enzymes were fairly stable at alkaline pH values than acidic pH
values and the immobilized enzyme was more stable at pH 7.0
whereas the free enzyme was more stable at pH 10 in absence of
substrate. At pH 4 the free enzyme retained only 40 % of its
activity after 120 min while the immobilized enzyme retained
55.5 % after the same time of exposure whereas at pH 7 the free
enzyme retained only 40 % of its activity after 120 min while
the immobilized enzyme retained 60 % after the same time of
exposure. On the other hand, at pH 10 the free enzyme retained
61.4 % of its activity after 120 min while the immobilized
enzyme retained only 53.3 % after the same time of exposure.

3.6. Repeated use of immobilized enzyme
4.1.3. Effects of temperature
Reusability of the immobilized crude enzyme was tested by
repeated measurement of the entrapped enzyme activity on fresh
substrate contained in the buffer. The enzyme activity assay
procedure was as previously described for each set.
3.7. Determination of soluble proteins
The protein content of culture filtrate was determined according
to Lowery et al. [26].
3.8. Determination of keratinase activity

(Figure 3) indicated that both free and immobilized keratinase
showed different optimal temperature, and that the activities of
both enzymes increased with increasing the temperature, up to
45-50 oC. Maximum keratinase activity for free enzyme was at
45 oC and that for immobilized enzyme was at 50 oC. (Figure 3)
also showed that the immobilized enzyme was more active in
the range of 50-60 oC and the free enzyme from 45-55 oC. The
immobilized KE relatively was more stable than soluble KE at
higher temperatures.
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Figure 1: Effect of buffer pH on the activity of free and immobilized enzyme.

Figure 2: pH stability of free and immobilized enzyme.

Figure 3: Effect of temperature on the activity of free and immobilized enzyme.
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4.1.4. The thermal stability
Results presented (Figure 4) showed that free and immobilized
enzymes were stable to heat treatment. At 45 oC, the
immobilized enzyme was stable and retained 66.7 % of its
activity after 120 min while the free enzyme retained 62 % after
the same time of exposure. The free enzyme retained 51 % of its
activity when treated at 30 and 60 oC for 120 min. The
immobilized enzyme however retained 57 % of its activity when
incubated at 30 and 60 oC for 120 min.
4.1.5. Effect of some chemicals on keratinase activity
The activity of the free enzyme was strongly inhibited by NiCl 2,
Urea, HgCl2, NaN3 and KCl, while the inhibitory effect was less
in case of immobilized enzyme. The highest activity of free
crude enzyme appeared in presence NaCl of (10 mM) which
recorded 150 % but was strongly inhibited by NiCl2 (5 mM) and
the activity decreased to 12 %. High activity of immobilized
crude enzyme appeared with NaCl (5 mM) which recorded 130
%, and in case of MgSO4, which recorded 117.9 % as well as
NaCl (10 mM), KCl, CaCl2, CuCl2 and HgCl2. Partial inhibition
of immobilized crude enzyme activity was observed by the
addition of FeSO4 (5 mM) and Urea (5 mM) in presence of
which the enzyme retained only 40 % and 47 % of its activity
respectively. (Table 1) also showed that immobilized crude
enzyme was more stable against the toxic effect of the added
inhibitors than the free one. Addition of NaN 3, Urea or FeSO4
exerted an inhibitory effect to the immobilized enzyme and
were toxic to the free crude enzyme.
4.1.6. Repeated use of immobilized enzyme
The durability of the immobilized crude keratinase preparation
was revealed by using the beads entrapping crude keratinase
successfully for 9 successive times (Figure 5). Results showed
that about 55 % of initial activity was retained after 7 successive
reuses and reached to about 42 % after the last cycle (9th reuse).
5. Discussion
The process of enzymes isolation and purification makes them
highly expensive catalysts. Therefore, several approaches such
as enzyme immobilization have been developed to enhance
enzyme activity, resist environmental fluctuations, prolong its
activity and enable enzyme recovery. The prolonged activity of
bead-entrapped enzymes may be attributed to the partial release
of the enzyme in the supernatant [27]. In the current study, an
important industrial enzyme, keratinase, was efficiently
immobilized into calcium alginate beads. Efficient
immobilization using the same approach was achieved for other
enzymes such as estrase [28] and β-1, 3-glucanase [21].
The sensitivity of both free and immobilized keratinases to
different environmental factors such as temperature, pH, and
metal ions were assessed. The activity of the free keratinase
produced by Bacillus licheniformis isolate No. (3) was between
pH values 7 and 9 with optimum at pH 8.0. For the immobilized
keratinase, the activity was at pH values 7 and 8 with optimum

pH at 7.5 (Figure 1). Keratinases isolated from different
Bacillus strains showed somewhat different optimum pH values.
The optimum pH for keratinase enzyme of Bacillus pumilus
strain A1 was 9 [29], keratinase (KerQ7) of Bacillus tequilensis
Q7, was 7.0 [30], B. licheniformis keratinase was at pH 7.5 [13]
and B. pumilis keratinolytic alkaline serine protease optimum
activity was at pH 10 [31]. Although these keratinases showed
an optimum activity at a single pH value, other keratinases such
as those isolated from Kocuria rosea displayed a full activity at
a wide range of alkaline pH (10–11). The stability of this
enzyme in extreme pH values makes it suitable for industrial
activities such as leather industry and bioremediation processes
[30].
Our immobilized keratinase enzyme was more sensitive to high
alkaline pH than acidic one and was more stable than the free
enzyme in acidic pH (Figure 2). This finding is in consistence
with the findings of others. Anbu et al. [32] reported that the pH
stability of immobilized crude keratinase was higher than the
free enzyme at pH values of 4 and 7. Although bead-entrapped
enzyme activity was reduced due to diffusion during the 2 h of
storage in different buffers, the enzyme activity remained stable
at pH values of 6.0–8.5 [32]. Usually the immobilized enzyme
has a shift in its optimum temperature to higher values than the
free one and this could result in a positive effect on its
productivity [21]. In the current study, we also investigated the
optimum temperatures of both crude free and bead-entrapped
keratinases. The activity of both enzymes was increased with
temperature with 45 °C optimum temperature for the free
enzyme 50 °C for the immobilized one. Our results are in line
with other keratinase preparations from Bacillus subtilis [33]
and Brevibacillus brevis [34].
As in the case of pH stability, in comparison with the free
enzyme, the beads entrapped-keratinase displayed heat stability
even in the absence of its substrate (Figure 3). At higher
temperature 60 oC the immobilized enzyme showed high
activity in thermal stability (half-life) than free one (Figure 4).
In addition, improvement in stability by immobilization is well
known [35]. This higher stability could be attributed to the bead
which may protect the enzyme from heat denaturation effect
[36]. Another possible factor is that beads protect the
immobilized enzyme from digestive protease associated with
the crude sample [21].
In our study, in addition to urea, we also investigated the effect
of metal ions such as NiCl2, HgCl2, NaN3, and KCl (Table 1).
We found that the enzyme activity was completely inhibited in
the presence of such ions. In contrast, the enzyme activity was
enhanced in the presence of NaCl (5 mM, 10 mM, 15 mM),
EDTA, MgSO4 and ZnSO4 (Table 1). Enzyme encapsulation
retained 68.5 %, 113 % and 79.3 % of its activity by the
addition of NaN3, HgCl2 and NiCl2, respectively. Regarding the
ions tested, Su et al. [25] established that the presence of Ca2+ in
the reaction mixture caused a 2.7-fold increase of the keratinase
activity. Ca2+ as well as Mg2+ and Mn2+, has been reported to be
associated with metalloproteases and protect these enzymes
against thermal denaturation [4, 37]. On contrast, the presence
of Zn2+, Al3+ and Cu2+ caused an inhibitory effect on keratinase
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Figure 4: Thermal-stability of free and immobilized enzyme.

Figure 5: Reusability of immobilized keratinase through 9 cycles

Chemicals
None (control)
NaCl
NaCl
NaCl
EDTA
MgSO4 .7H2O
ZnSO4.7H2O
MnCl2.2H2O
CuCl2.2H2O
FeSO4
CaCl2.2H2O
KCl
NaN3
HgCl2
Urea
NiCl2.6H2O
LSD0.05
LSD0.01

Table 1: Effect of some chemicals on free and immobilized enzyme activity
Free enzyme activity
Immobilized enzyme activity
Concentration
(U/ml)
(%)
(U/ml)
(%) of control
250
100
700
100
5 mM
200
80
915
130.7
10 mM
375
150
795
113.5
15 mM
225
90
570
81.42
5mM
235
94
630
90
5 mM
175
70
825
117.9
5 mM
165
66
480
68.57
5 mM
115
46
615
87.86
5 mM
95
38
795
113.6
5 mM
90
36
285
40.71
5 mM
85
34
765
109.3
5 mM
65
26
735
105
5 mM
65
26
480
68.57
5 mM
50
20
795
113.6
5 mM
50
20
330
47.14
5mM
30
12
555
79.26
3.25
4.85
4.40
6.57
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activity. Partial inhibition of most serine enzymes by EDTA
indicating the importance of cations as stabilizing agents has
been reported [4]. It was reported that keratinases are generally
activated with divalent metal ions like Ca2+, Mg2+ and Mn2+
[25], and inhibited with heavy metal ions such as Cu2+, Hg2+,
Zn2+ [11], Ag+ and Pb+ [1].
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