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ABSTRACT
Keratinases are enzymes capable of hydrolyzing keratin. Microbial keratinases are popular
and prove to have a variety of applications in industry and medicines. A study was conducted
to analyse the keratinase produced by Bacillus stearothermophilus. The purified enzyme was
shown to have a relative activity of 93.75% at high temperature (60°C) and the activity did

not fall down less than 70% up to pH 10. The role of specific metal ion Mg2+ was noted to
be crucial for enzyme activity.
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Introduction

Keratin is a fibrous protein used by numerous
groups of animals as structural elements. It is the
main component of mammalian hair, reptile scales,
claws, horns etc. Keratin is mechanically hard and
chemically unreactive. It shows numerous cross links
of disulphide bonds between individual molecules
resulting in a rigid structure. Due to the strength
and stability, only few microbes are able to
metabolize keratin (Regina et al., 1996).

A specific class of proteolytic enzymes such as
keratinase is involved in the microbial conversion of
keratinous wastes and therefore they are the
potential targets of biotechnological researches
(Sangali and Brandelli 2000). Keratinases may have
an application in the biotechnological valorization of
keratin containing wastes as well as in leather
industry to reduce pollution (Mukhopadhyay &
Chandra 1993). A number of keratinolytic bacteria
and fungi have been reported and microbial
bioconversion of keratinuous wastes can be done
successfully using keratinases derived from them.
Fungal isolates such as Fusarium sp., Aeromonium
sp. and Geotrichum sp (Fridrich et al., 1999) and
bacteria such as Bacillus sp. particularly
B.licheniformis and B.stearothermophilus are
popular in keratin bioconversion. Keratinases have
other potential uses in cosmetic industries,
environmental protection (sewage treatment) and as
therapeutic agents. Against this background, a study
was carried out at Dr. G.R. Damodaran college of
Science, Coimbatore, Tamil nadu to evaluate the

keratinase enzyme produced by Bacillus
stearothermophilus isolated from poultry farm.

Materials and Methods

Appropriate dilutions of soil samples collected
from a poultry farm were placed on nutrient agar to
isolate bacteria producing keratinase. To confirm
keratinase production, the organism was grown on
milk agar with chicken feathers. Subsequently, the
organism was identified using conventional
microbiological methods such as Gram staining,
endospore staining, amylase production, culture on
selective medium and biochemical tests based on
protocols. The organism was further grown in basal
salt medium supplemented with chicken feathers as
sole source of carbon and nitrogen and the keratinase
was extracted (Letourneau et al., 1998).
Subsequently, the crude enzyme extract was purified
using salt precipitation, dialysis and ion exchange
chromatography (Bockle et al., 1995). Further,
keratinase was characterized using SDS-PAGE and
native PAGE and the enzyme activity was
determined based on keratin azure assay (Regina et
al., 1996). Finally, the impact of varying ranges of
temperature (between 30°C and 80°C; pH; different

metal ions (Mg2+, Pb2+, Zn2+, Mn2+, Ca2+, Hg2+, Co2+)
and inhibitors on the activity of keratinase was
evaluated (Lin et al., 1999).

Result and Discussion

For commercial applications, microbial enzymes
are preferred in comparison to plant and animal
sources due to the economy consistency case of
process modification and optimization. Microbial
keratinases are extra cellular proteases produced by
common microorganisms and capable of digesting
keratin. In this study, one isolate of keratinase
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producing Bacillus stearothermophilus was identified
based on degradation of feather and formation of a
halo region surrounding the colony. The growth in
the basal medium with chicken feather as the sole
source of carbon and nitrogen further confirmed the
keratinolytic ability of the organism (Lin et al., 1999).
When the literatures were surveyed, studies on the
keratinolytic features of B.stearothermophilus were
found to be inadequate. However, degradation of
poultry waste by B.licheniformis PWD has already
been reported.

In this study, of the enzyme purification
methods employed, DEAE cellulose column
chromatography was found to be effective as the final

product had an overall purification factor of 2.3 fold
and a specific activity of 156 units / Mg− 1. The
results of keratinase activity before and after
purification from B.stearothermophilus culture
medium are summarized in Table 1. The purification
of keratinase to homogeneity was confirmed upon
zymogram on gelatin and the molecular weight of
keratinase was found to be 45KDa. Also, a positive
result was obtained for the keratinolytic activity of
the purified keratinase upon keratin azure assay.

The enzyme was noted to be active at
temperature between 40° and 70°C and pH from 5
to 10. However, the optimum temperature and pH
for keratinase activity were observed to be 50°C and

Table 1. Total keratinase activity by the Bacillus stearothermophilus.

Enzyme sample Total amount of
Protein (mg)

Total
Activity
(Units)

Specific
Activity
(Umg − 1)

Yield Purification fold

�����	� !�
�	�"�"�� 120 8125 68 100 1.0

�	�#� $���	"�� 104 7500 72 92 1.1

%�"��&�# 40 3700 94 46 1.4

%'�' �������� 16 2500 156 31 2.3

Table 2. Effect of inhibitors on keratinase activity by the Bacillus stearothermophilus.

Type of Inhibitor Concentration of
the Inhibitor Protease Activity Relative Activity (%)

�	��� ( ��� 0.2a 70 97.2

0.5 75 104

!%! 0.1b 12 16.7

0.2 5 6.9

�)�����	��� 2c 63 87.5

5 52.5 72.9

������� 5c 42.5 59.0

'%�� 10c 3 4.1

20 2.25 3.12

*�	)"
� ���"�� 10c 67.5 93.75

20 62.5 86.80

+	�" 5c 80 111.1

,�#	��� ��	-�#� 2c 60 83.3

a - Concentration (Volume/Volume); b - Concentration (Weight / Volume)
c - Concentration (mM)
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pH 7 respectively. Remarkably, as much as 85% of
the maximal activity was retained between the pH
values 6 and 9. As the temperature stability was
ensured up to 70°C, the enzyme could be relatively
thermostable. Similar results of optimum
temperature range (between 40 to 70°C) and pH (7
to 10) for keratinase activity have been reported
earlier (Bockle et al., 1995 and Lin et al., 1999). Also,
the keratinase stability was positive up to 60°C
(Letourneau et al., 1998).

The effect of different metal ions on keratinase
activity was noted to be varying. Keratinolysis was
noted to be high (107.6%) in the presence of Mg2+

where the activity was lost when Co2+, Cu2+ and
Hg2+ were used. Purified keratinase had 93% of
activity with Zn2+ and noted to be stable. Earlier
report indicated Pb2+ as a strong inhibitor of
keratinase produced by streptomycete
(Mukhopadhyay and Chandra 1993). Among the
inhibitors used, EDTA at 10 mM concentration had
a strong inhibition (~96%) and only a relative
keratinase activity of 4.1% was retained. However,
mercapoethanol (10 mM) could decrease the
keratinase activity only to 7% and more than 90% of
enzyme activity was observed. No effect (0%) was
estimated with the non-ionic surfactant Triton-X 100.
The effect of various other inhibitors over keratinase
activity is shown in Table 2. Further, it was obvious
that the enzyme was highly purified and does not
require any metal ions, detergents, solvents to
enhance the activity. However, Mg2+ ions could be
used as a stabilizer. Particularly, the appreciably

high activity and stability of the enzyme at high
temperature and pH make B.stearothermophilus
industrially a promising organism and shows
immense potential for further research and
investigation.
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