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Abstract
Keratinases are enzymes with the most diverse sources and applications. Different forms of keratinase
have been applied in environment and variety of industries, highlighting the necessity for novel potential
keratinases, which could be applicable in variety of industries. Accordingly, the present study aimed to
identify and characterize a novel keratinase producing bacterium with high potential in variety of
industries. In the present study, the native isolate of Bacillus sp. FUM125 was isolated, identi�ed and
optimized for the keratinolytic activity. The keratinase was puri�ed and characterized using biochemical
assays. The Bacillus sp. FUM125 isolate was identi�ed as Bacillus mojavensis R-OH-1 with 99.8%
similarity. The isolate showed the maximum keratinolytic activity at pH of 8.5 after 24-hour incubation at
37°C (2.1-fold enzyme production). According to the biochemical analysis, the keratinase belonged to a
serine protease family, whit 33.5 kDa molecular weight and was stable in a wide range of pH and
temperature with maximum keratinolytic activity at 60°C and pH 8. Among the metal ions, K+, Ca2+, Na2+

and Mg2+ increased the enzyme activity. The activity was increased by the reducing agents of DTT and
beta-mercaptoethanol. Based on the substrate pro�le �ndings, the enzyme was active in various soluble
and insoluble substrates. The enzyme showed a half-life of 98 min in the optimal temperature and the
ratio of keratinolytic:caseinolytic to be 0.95. Our enzyme with higher temperature and pH stability
compared to existing commercial enzymes can be considered as a potential candidate for use in various
industries. 

Introduction
Keratinases (EC: 3.4.4.25) are of a particular group of proteases that are able to degrade insoluble and
hard kreatine, and have been distinguished from other proteases due to their great variety in biochemical
properties and various kreatine-containing substrates such as feathers, wool, nails, and hair [1]. Keratin’s
hardness is due to the compression protein structure in the form of alpha-helix and beta-sheets folded in
a complex polypeptide chain that is stabilized by a large number of crosslinks, mainly disul�de bonds
and hydrophobic interactions [2]. The high content of cysteine is a key feature that distinguishes keratin
from other structural proteins, which causes the formation of hard, durable and stable protein against the
conventional proteolytic enzymes, chemical agents, and mechanical stresses [3]. Keratin is abundantly
produced in slaughterhouses and poultry farms as waste products annually [4]. The related conventional
waste management methods, which are usually costly methods, include land�lling, incineration and other
mechanical methods destroying the rich sources of enzymes, proteins, and amino acids, and causing
uncontrolled air, soil and water pollutions threatening the human health and other living organisms.
Accordingly, an urgent need is felt to approach alternative waste management methods to reduce such
public health, economic and environmental risks [5, 6]. The presence of various keratinolytic
microorganisms in nature led the researchers to focus on applying biological methods [7]. 

Keratinase has been isolated from different organisms, such as bacteria, actinomycetes, archaebacteria
and fungi. Among bacteria, bacillus spp. is a rich source of commercial enzymes, including keratinase,
making them an appropriate candidate for solving keratinous wastes [8, 9]. Keratinases belong to the
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subtilisin group of proteases, which are endopeptidases from the serine protease family that attacks
disul�de bonds of keratin and convert them from complex to simple forms. These enzymes, with broad
activities on soluble and insoluble proteins, exhibited biotechnological applications in various �elds such
as pharmaceutical, medicine, agricultural fertilizers, detergents, leather and textile industry [10-12]. 

The aim of this study was to investigate the keratinolytic activity of the FUM125 isolate, as a native
producing keratinase strain isolated from a poultry farm from Mashhad, Iran, and to purify and to
characterize the biochemical characterization of the keratinase. 

Methods
Biochemical and molecular identi�cation 

The FUM125 strain was isolated from a poultry �eld around Mashhad, and identi�ed according to
morphological, biochemical and molecular methods. The DNA extraction was conducted using CinnaGen
kit (Cinnagen, Iran) according to the supplier's instructions. PCR was conducted using Amplicon kit
(Amplicon Co, Denmark) and 27F and 1492R universal primers. The PCR products were electrophoresed
on 1% agarose gel. 

Sequencing 

The PCR products were sequenced and data were analyzed using NCBI and Ez Taxon databases. Next,
MEGA software (version 7), MUSCLE software and Neighbor-joining model were used for phylogenetic
analysis and to generate phylogenetic tree. 

Culture medium 

The feather meal broth (FMB) medium was prepared as follows: NaCl (0.5 g/l), MgCl2.6H2O (0.1 g/l),
K2HPO4 (0.4 g/l), KH2PO4 (0.3 g/l), powder feather (1 g/l), distilled water (1l) and adjusted to pH 7.5. The
feather used in these media were washed and prepared according to the Mazotto method [13]. 

Assay of keratinolytic activity 

The overnight culture of the FUM125 isolate (2% v/v), adjusted to 0.5 McFarland turbidity standard, was
inoculated in the FMB medium and incubated at 37°C for 5 days with shaking (150 rpm). At 24 h
intervals, 1 ml of medium was centrifuged at 10,000 rpm for 5 minutes, and the supernatant was used as
the crude enzyme. Then, 100 µl of the crude enzyme was added to 900 µl of Tris-HCl buffer (50 mM, pH
8) containing 10 mg of Azokeratin substrate, incubated at 37°C for 1 h with shaking and �nally, to stop
the keratinolytic activity, the solution was placed in ice water for half an hour. Then, the sample was
�ltered to remove the feather residues, and its optical density (OD) versus the control sample was
measured at a wavelength of 450 nm [14]. The Azokeratin was synthesized according to Herzog protocol
[15]. The medium without bacterial inoculation was used as the control sample. One unit (U) of
keratinolytic activity is de�ned as the amount of enzyme that causes 0.01 absorbance increase at 450



Page 4/18

nm within 1 h under standard assay conditions [16]. The experiments were conducted in two replicates
and the average was reported as the results.

Optimization of keratinase production

Optimization of the culture conditions was conducted using one factor at a time method. The factors
including temperature (20, 30, 37, 40, 45 and 50°C), pH (3 to 12.5 with a difference of 0.5 units), feather
substrate concentration (0.5, 1, 2, 3, 4, 5, 6 and 7), shaking speed  (125, 150, 175, 200 and 225 rpm),
additional carbon source (glucose, fructose, starch, dextrose and sucrose 1%), additional nitrogen source
(organic sources of peptone, tryptone, yeast extract and mineral sources of ammonium nitrate,
ammonium chloride, ammonium sulfate and potassium nitrate), aeration (25, 50, 75 and 85%) and
bacterial inoculation (1, 2, 4, 8 and 16%) were studied step by step. Data were statistically analyzed by
SPSS software version 16 at 95% con�dence level.

Enzyme puri�cation 

The feather and the bacterial residues were removed by �ltration, and the supernatant was separated by
centrifugation at 10,000 rpm for 10 min. The protein was precipitated by addition of 85% saturated
ammonium sulfate and the precipitated protein was kept at 4°C for 24 h and collected by centrifugation
at 10,000 rpm at 4ºC for 30 min. Next, the precipitate was dissolved in sodium phosphate buffer (25 mM,
pH 6.5) and dialyzed at 4°C for 24 h changing buffer twice during the procedure. The dialyzed sample
was loaded onto an equilibrated SP-Sepharose column using 25 mM sodium phosphate buffer (pH 6.5),
and the column was eluted with NaCl at the concentrations of 0.1-1.0 M using 20 mM sodium phosphate
buffer (pH 6.5). The fractions were collected and their OD values were measured at 280 nm for the
presence of proteins. All fractions were assayed for the maximum keratinolytic activity and the molecular
weight. Protein concentrations were calculated using the Bradford method [17]. 

SDS-PAGE polyacrylamide gel electrophoresis 

The molecular weight of the pure enzyme was determined by SDS-PAGE using 15% gel according to the
Laemmli method [18]. The gel was stained by Coomassie Brilliant Blue G250 and silver nitrate dyes, and
the molecular weight of the sample was estimated by a protein marker (Vivantis protein ladder; California
USA). 

Zymography analysis 

Zymography was employed to con�rm the keratinolytic activity and the purity of the enzyme using
gelatin as a substrate with 0.2% concentration in 15% resolving gel, and then other steps such as SDS gel
were performed [19]. The clear zone was considered as protease activity.   

Biochemical properties of the puri�ed enzyme

Effect of temperature and pH on enzyme activity and stability
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Four buffering systems used in this study included sodium acetate buffer (pH=4.5-5), sodium phosphate
buffer (pH=6-8), Tris-HCl buffer (pH=8.5-9) and NaOH-glycine buffer (pH=9.5-11) at a concentration of 50
mM. Using Azokeratin as a substrate, the enzyme activity was measured in the pH range of 4.5-11 with
0.5-unit intervals at 37°C for 60 min. The effect of pH on enzyme stability was investigated by exposing
the enzyme to the appropriate buffer at 4°C for 60 min and then, the residual activity for each sample
relative to the initial enzyme activity was measured. The maximum activity of the enzyme in a buffer
solution was considered as 100%, and other samples were assayed accordingly. 

keratinolytic activity at the temperature range of 10-90°C was measured using optimal buffer. And the
maximum activity of enzyme at a de�ned temperature was considered as 100% activity, and the enzyme
activity at different temperatures was measured accordingly. The temperature effect on the enzyme
stability was investigated by storing the enzyme in the mentioned temperature range for 60 min and then,
the enzyme activity at the optimal temperature was measured using Azokeratin as a substrate. Finally,
the residual activity of the sample was calculated relative to the initial enzyme activity at the optimal
temperature.  

Effect of metal ions and organic solvent on the enzyme activity 

The effect of various metal ions including Ca2+, Fe2+, Ba2+, Co2+, Zn2+, Mg2+, Cu2+, Hg+, Na+, and K+ at the
concentrations of 2, 5, and 10 mM, and the effect of organic solvents including methanol, ethanol,
acetone, isopropanol, chloroform, hexane, and toluene using optimal buffer at the concentrations of 10,
20, and 40% were investigated on the enzyme activity incubating the pure enzyme in the presence of
mentioned materials for 60 min at the optimal temperature and pH. The enzyme activity in the absence of
metal ions or organic solvents was considered as 100%, and other results were compared accordingly. 

Effect of detergents, inhibitors, and other chemical agents on the enzyme activity

The effects of inhibitors including phenylmethylsulfonyl �uoride (PMSF) as a serine protease inhibitor,
beta-mercaptoethanol as a cysteine protease inhibitor, and 1,10-phenanthroline and
Ethylenediaminetetraacetic acid (EDTA) as metalloprotease inhibitors at the concentrations of 2 and 5
mM using optimal buffer were investigated on the enzyme activity. The effect of chemical surfactants
including Tween-80 and Triton X-100 (both neutral) at the concentrations of 1 and 5% (v/v), cationic and
anionic detergents including cetyltrimethylammonium bromide (CTAB) and SDS at the concentrations of
0.5, 1 and 1.5% (w/v), and reducing and oxidizing agents including dithiothreitol (DTT) and hydrogen
peroxide (H2O2) at the concentrations of 1 and 5% (v/v) using optimal buffer were tested on the enzyme
activity. The enzyme activity in the absence of any chemical agents was considered as 100%. 

Substrate speci�city 

The appropriate substrates for the keratinolytic activity were determined incubating pure enzyme in the
presence of keratin, feather meal, gelatin, casein, bovine serum albumin, and Azokeratin at 1% (w/v) for
one hour at the optimal temperature. The enzyme activity was measured in the presence of each
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substrate versus the control sample (having substrate but lacking enzyme). Maximum enzyme activity in
the present of a de�ned substrate was considered as 100%, and the rest of the results were compared
accordingly. 

The half-life and kinetic parameters determination

Three different temperatures at which the enzyme showed the maximum activity were selected to
determine the half-life of the enzyme. The puri�ed enzyme using optimal buffer was incubated at the
temperatures 50, 60 and 70 °C for 3 h and subsequently, 100 µl of the samples were taken every 30 min
to measure the enzyme activity according to the standard method. Then, the residual activity of the
enzyme was measured relative to the baseline (time zero), and a logarithmic diagram of the residual
activity was drawn versus the time. In order to compute the values of Km and Vmax, the enzyme was
exposed to different substrate concentrations (2, 4, 6, 8, 10, 12 and 14 mg/ml) at the optimal temperature
and pH. The data were analyzed using GraphPad prism7 software, and the Km and Vmax values were
calculated.

Results
Molecular and biochemical identi�cation of the isolate

According to the morphological and biochemical �ndings, the FUM125 isolate was identi�ed as a
bacterium in the Bacillus genus. Comparison of the 16SrRNA gene sequence with the sequences in the
EzTaxon database revealed that Bacillus mojavensis RO-H-1 is the closest strain to the FUM125 isolate
(accession number MT799996) with a similarity of 99.86% (Fig. 1). 

Optimization of enzyme production 

The keratinase production was measured for 96 h and the maximum keratinolytic activity was observed
after 24 h of incubation (44.5 U/ml). The results indicated the best keratinolytic activity for the isolate at
37°C, pH 8.5, feather meal concentration of 2%, stirring speed of 200 rpm, the nitrogen source of
potassium nitrate, 75% aeration and 4% inoculation, and the additional carbon source did not effect on
the keratinolytic activity of the isolate. The aeration and the inoculation were the parameters imposing
the most signi�cant effect on keratinase production (Fig. 2).

Puri�cation of enzyme

The keratinase was puri�ed using 85% ammonium sulfate, dialysis in 25 mM sodium phosphate buffer
(pH 6.5), and loading on SP-sepharose column. A total of 22 fractions were collected and investigated for
keratinolytic activity of each fraction (supplementary 1). The highest keratinolytic activity was observed
in fraction 12 (0.2 M sodium chloride concentration). The results showed a �nal purity increase of 6.13
times and a yield of 19.49% (supplementary 2). The single band on SDS-PAGE con�rmed the purity of
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keratinase with a molecular weight of 33.5 kDa. The zymogram �ndings also con�rmed the proteolytic
activity and the keratinase purity (supplementary 3).

Effect of pH and temperature on enzyme activity and stability

The results showed the functional capability of the keratinase at all pH values (4.5-11), which maintained
over 70% and over 90% of its activity in the pH range of 5.5-9 and 7-8, respectively. The highest enzyme
activity and stability were observed at the pH values of 8 and 7.5, respectively (Fig. 3a). In addition, the
enzyme activity was observed in a wide range of temperature from 20 to 80° C, with maximum activity
and stability at 60° C and 50° C, respectively, and complete inactivity at 90° C. The enzyme maintained
over 80% activity at a temperature ranging from 30-60° C and almost lost its stability at 80° C (Fig. 3b). 

Effect of metal ions and organic solvents on the keratinase activity

The keratinolytic activity was increased at all three different concentrations (2, 5 and 10 mM) of Ca2+,
Mg2+, K+, and Ca2+ at 2 mM concentration showed the most. The Na+ at the concentrations of 2 and 5
mM also increased the enzyme activity. The enzyme activity was maintained over 50% in the presence of
Cu2+ and Zn2+ at all three mentioned concentrations and Ba2+ at 5 mM concentration, but strongly
inhibited (over 80%) by Co2+, Fe2+ at all three mentioned concentrations. The highest inhibitory effect on
the enzyme activity was observed by Hg+ at all three mentioned concentrations (Fig. 4a). The enzyme
activity was elevated in the presence of methanol 10%, and could maintain over 60% of its activity in the
presence of the organic solvents of methanol, ethanol, and toluene at a concentration of 20% (Fig. 4b). 

Effect of detergents, inhibitors and reducing agents on the keratinase activity

The enzyme activity was increased by the β-mercaptoethanol at 5 mM concentration and completely
inhibited by the PMSF. The EDTA reduced the enzyme activity by 50% at both concentrations (2 and 5
mM), and the 1,10-phenanthrene decreased the enzyme activity by only 10% at a concentration of 2 mM.
The results con�rmed that the puri�ed keratinase belongs to the serine protease family (Fig. 4c). The
enzyme activity was increased in the presence of the non-ionic detergent of Triton-X100 and remained
constant in the presence of Tween 80. The enzyme activity maintained more than 70% in the present of
CTAB, but the SDS reduced the enzyme activity by 80%. The DTT as a reducing agent showed a
signi�cant increase on the enzyme activity, and H2O2 also indicated an inhibitory effect on the enzyme
activity by 50% at both concentrations (1 and 5% v/v) (supplementary 4). 

Substrate speci�city 

The proteolytic activity of keratinase was investigated against the soluble and insoluble substrates. The
results showed that 100% relative activity on feather keratin followed by 89%, 52% and 49% relative
activity on keratin, casein and BSA, respectively, but keratin azure and gelatin were the least hydrolyzed
substrate with <40% relative activity (Fig. 4d).
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Determination of the half-life and kinetic parameters of the enzyme activity 

The kinetic parameters of the enzyme were evaluated with different feather meal concentrations as the
substrate and then, the Michaelis-Menten graph was drawn using GraphPad Prism 7 software, and the
values of Km and Vmax were calculated. The Km and the Vmax values were computed to be 16.12 mg/ml
and 97.73 U/ml/min, respectively. According to the results, the enzyme half-life was 98 min at its
optimum temperature (60°C), and 80 and 84 min at 50 and 70°C, respectively. The best time for the
enzyme reaction with the substrate was observed after 60 min (Fig. 5).

Discussion
Keratinases are a special group of proteases that have the ability to degrade insoluble and hard kreatine
and are distinguished from other proteases due to their great diversity in biochemical properties and
different kreatine-containing substrates such as feathers, wool, nails and hair. Therefore, they have been
considered valuable catalysts in the industry [1, 5]. Keratinases have been isolated from different
organisms such as bacteria, actinomycetes, archaebacteria and fungi. Among bacteria, the Bacillus spp.
is a rich source of commercial enzymes including keratinase, which makes them an appropriate
candidate for solving keratinous wastes [8, 9, 20].

In this study, the Bacillus sp. FUM125 isolate was identi�ed using morphological, biochemical and
molecular methods as Bacillus mojavensis with 99.8% similarity. And so, from now, we will call Bacillus
sp. FUM125 as Bacillus mojavensis FUM125. The isolate exhibited the highest enzyme production and
keratin hydrolysis at 37°C after 24 h of incubation, which can be an advantage for the isolate. Bacillus
mojavensis FUM125 isolate showed acceptable keratinolytic activity in a wide range of acidic to alkaline
pH (3.5-12). Most studied keratinase-producing bacteria, actinomycetes and fungi show optimal pH in the
neutral to the alkaline range [21]. keratinase activity is increased under alkaline environment due to
increasing access of keratinase to keratin and improving the process of feather hydrolysis [22]. However,
the B. mojavensis FUM125 isolate was active and stable under acidic and alkaline conditions that can be
widely used in various industries.

The keratinase production was increased using nitrogen source (potassium nitrate) and shaking at 200
rpm, which is in line with the results of Jeong et al. [23]. Also, the aeration rate (75%) and the inoculation
size (4%) enhanced the enzyme production up to 1.5 times. Ni et al. [24] showed that the kreatinase
production in Bacillus licheniformis ZJUEL31410 was increased with the aeration up to 80%. Abdel-
Fattah et al. [25] also reported an increase in keratinase production using 5% inoculation size. Our results
showed, under optimal condition, the enzyme production was increased 2.1-fold, from 42.5 U/ml to 90
U/ml.

The keratinase was dialyzed after precipitation with 85% ammonium sulfate and puri�ed by ion-
exchange chromatography. Using SDS-PAGE and zymogram analysis, the molecular weight of the
keratinase was determined to be 33.5 kDa, which was consistent with the results obtained by Sharma
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and Gupta [26]. The molecular weight of different keratinases from various microorganisms have been
reported to be in the range of 18 to 240 kDa; however, the majority of keratinases have a molecular weight
of <50 kDa [22]. The results of the puri�cation showed a �nal purity of 6.13 times higher with a yield of
19.4%, which was consistent with the results of Jaouadi et al. [27] on B. tequilensis Q7. The puri�ed
keratinase was stable over a wide range of temperatures (20-80°C) and pH (3.5-12) with a maximum
keratinolytic activity at 60°C and pH value of 8, which is in line with the results obtained by others [28-30].
The enzyme maintained more than 70% of its activity in the wide pH range from acidic to alkaline
conditions (5.5-9), and more than 80% of its stability in the wide range of temperature (30-60°C), which
can be considered as a unique feature of the present keratinase for commercialization. Brandelli et al.
[31] reported that most keratinases act in the neutral-alkaline pH range (7.5-9) [31]. However, few enzymes
are active outside this range, and even maximum enzyme production of these enzymes is achieved under
highly alkaline or acidic conditions [32, 33]. In line with the present study, More et al., isolated the
keratinase from Cunninghamella echinulata, which showed the most activity at the pH values of 4.5 and
10.5, citing the possibility of the formation of two isoforms of keratinase [34], while our puri�ed enzyme
has only one isoform that is active in both acidic and alkaline conditions. Our keratinase, compared to the
KerA commercial enzyme, which is extracted from B. licheniformis PW-1, has a higher thermal and pH
stability as well as activity over a wide range of pH. KerA ccommercial keratinase is stable in the pH
range of 5.5 to 12.5, but the present keratinase is stable over a wide pH range of 3.5 to 12, which is
an important advantage for use in various industries. The majority of bacterial keratinases belong to the
serine protease family. The serine proteases have a serine amino acid in their active site provoking the
nucleophilic attack on the peptides' carbonyl bonds. These serine residues can be irreversibly inhibited by
the PMSF. The enzyme activity was inhibited by the PMSF, indicating the enzyme as a member of the
serine protease family. 

The enzyme activity was increased by the metal ions of K+, Ca2+, Na+, and Mg2+, reduced by Cu2+, Co2+,
Fe2+, and Zn2+ ions, and completely inhibited by Hg2+. Previous studies have shown that the divalent
metal ions such as Ca2+, Mg2+ and Mn2+ stimulate the keratinase activity, which may be related to
maintaining active enzyme composition, and stabilizing the enzyme-substrate complex. In addition, the
metal ions may protect the enzyme against thermal denaturation [22]. On the other hand, the heavy
metals such as Ag+, Hg+, Cu+, pb+ inhibit keratinolytic enzymes; thus, the Hg2+ ion is proposed as an
oxidizing agent of thiol groups, and the inhibition of the enzyme by this ion expresses the importance of
the presence of –SH groups. Moreover, the Hg2+ ion may react with tryptophan residues and carboxyl
groups in the amino acids of the enzyme [10]. 

The keratinase activity was increased in the presence of methanol at 10% (v/v) concentration and
retained more than 70% of its initial activity in solvents such as 10% toluene, 10 and 20% ethanol, and
20% methanol. Comparison of the stability of different enzymes in the presence of solvents is irrational
due to differences in the nature of enzymes and solvents, the type and nature of the substrate, the time of
hydrolysis and the method of measurement and calculation [35]. Also, the resistance of different
enzymes to detergents depends on the type and origin of the enzyme, the method of analysis and the
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type of detergent used. In the present study, the keratinolytic activity was decreased by SDS, but
increased by DTT, β-mercaptoethanol, TritonX-100 and Tween 80, which is in line with the results
obtained by Moridshahi et al. [36]. Such an effect is usually associated with the reduction of disul�de
bonds in the keratin structure and more accessibility of keratin substrate to the enzyme [37]. 

Analysis of the enzyme substrate pro�le showed that the keratinase was active on the different soluble
and insoluble substrates of feather meal, keratin, casein, albumin, gelatin, and Azokeratin, respectively.
Moridshahi et al. [36] and Gupta et al. [38] identi�ed feather meal, casein, gelatin, albumin, and Azokeratin
as suitable substrates of keratinase, respectively. However, the keratinase isolated by Tiwary and Gupta
[39] showed better hydrolytic activity on soluble substrates such as casein, �brin, and albumin than
insoluble substrates such as feather meal and Azokeratin, and lacked the hydrolytic activity on gelatin
and hair. 

Substrate speci�city is one of the most important criteria used to determine a protease as keratinase, and
any protease with a keratinolytic–caseinolytic (K:C) ratio above 0.5 is considered a potential keratinase
with industrial and environmental values. In this study, a K:C ratio of 0.95 was obtained for keratinase,
indicating a high keratinolytic activity which can be considered as a high potential in environmental
purposes.

Conclusion
Microbial enzyme production has increasingly attracted further attention in the industry owing to a wide
tolerance threshold for physicochemical conditions, as well as easy genetically manipulation of
microorganisms to enhance the production yield on a large industrial scale. Keratinases as proteolytic
enzymes are of great importance in biotechnology due to their unique and diverse physicochemical
properties. The keratinase enzyme produced in this study showed higher thermal and pH stability
compared to commercial enzymes such as KerA and can work in a wide range of pH, which is considered
as an advantage for its use in various industrial applications.
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Figure 1

The phylogenetic tree of Bacillus mojavensis FUM125 (Pseudomonas abietaniphila ATCC 700689
designated as Outgroup).
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Figure 2

Univariate optimization results using different factors
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Figure 3

Effect of pH (a) and temperature (b) on the activity and stability of the keratinase of Bacillus mojavensis
FUM125
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Figure 4

Effect of different compounds and substrate speci�city on keratinase activity of Bacillus mojavensis
FUM125: metal ions (a), organic solvents (b), inhibitors (c), and substrates speci�city (d)

Figure 5

Evaluation the half-life of the keratinase produced by Bacillus mojavensis FUM125
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