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ABSTRACT. Keratinase-producing microorganisms can serve as a safe, environment-friendly,
and cost-effective means for recycling and hydrolysis of keratin wastes and therefore play a
substantial role in biotechnological applications. This study aimed to investigate the ability of
Bacillus tequilensis BK206 to degrade keratin wastes, especially chicken feathers, and to measure
its proteolytic and keratinolytic activity. The proteolytic and keratinolytic activity of the strain in
different substrates was measured qualitatively and quantitatively. Then, the one-factor-at-a-time
method was used to optimize the enzyme production. Optimization of the conditions (temperature
37°C, pH 10.5, feather concentration 2%, and ammonium chloride as a nitrogen source) increased
the keratinolytic activity of the isolate by 2.3-fold. The alkaline pH was found to have the highest
effect on the keratinolytic activity. The isolate was able to degrade chicken feathers completely
and breakdown sheep wool, and hoof to a large extent. The results demonstrated the potential of
Bacillus tequilensis BK206 is a potent keratinase-producing bacterium in treating various
keratinous wastes in a safe, inexpensive, and easy-to-implement ecological process. Also, our
alkaline keratinase is a good candidate for use in various industrial processes, especially in
detergent and leather industries.
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INTRODUCTION

In recent years, researchers have shown a growing interest in keratinases as enzymes with
remarkable potentials and properties. Keratinases not only have extensive use in industry, but are
also greatly important from the environmental perspective because of their role in the
management and disposal of keratin wastes [1]. These wastes are mostly produced by the poultry
and livestock industries, which are among the steadily growing segments of the food industry.
The growth, which can be attributed to ever increasing demand for white and red meat, has also
led to rising production of by-products and wastes [2]. Feather is one of the most abundantly
produced wastes of the poultry industry, with annual production volumes reaching up to millions
of tons [3].

Keratin is the third most abundant natural polymer and consists of fibrous proteins rich in
cysteine amino acids. Due to the high number of disulfide bonds in the structure, keratin has a
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rigid and durable matrix that makes it resistant to common proteases, water, weak acids and bases,
and organic solvents [4, 5].

The slow degradation of keratin makes it a hazardous waste with the potential to cause various
diseases and environmental and health problems [6]. Biological methods and specifically
microbial keratinases can accelerate the degradation process and ensure the complete breakdown
of keratin wastes [7]. Keratinases are a group of modern proteases that are used in various
industries to produce food supplements, organic fertilizers, animal feed, biogas production, and
also as biosorbent in bioremediation processes [8, 9, 10]. Most of the commercial proteases are
produced from various bacteria, especially Bacillus spp. Two well-known species used in the
industrial production of this group of proteases are B. licheniformis and B. subtilis [10, 11].

The present study aimed to evaluate the proteolytic and keratinolytic activity of Bacillus
tequilensis BK206 isolated from poultry waste for biodegradation of keratin wastes, including
alpha, and beta keratin, and to optimize the culture conditions to increase keratinase production.

MATERIALS AND METHODS
Microorganism and Cultural media

In this study, Bacillus tequilensis BK206 (accession number KY810609) was isolated
and identified from a poultry feather, Mashhad, Iran in pervious study (unpublished), was
used for evaluation of the proteolytic and keratinolytic activity. The media were used as
follows (g.L™): Feather meal broth (FMB) containing minimum salt medium: NacCl, 0.5;
K2HPOs, 0.3; KH2PO4, 0.4; MgS04.7H-0, 0.1; with 1% feather (pH 7.5). Feather meal
agar (FMA) prepared by adding 1.5% agar to FMB. Skim Milk Agar (SMA) containing
NacCl, 0.5; KoHPOg4, 0.3; KH2PO4, 0.4; MgS04.7H20, 0.1; lean milk (Skim milk) 1% and
agar 1.5% (pH 7.5). Poultry feathers were purchased from a local poultry plant, prepared
according to Mazotto et al. [12] method, and then powdered by mixer mill (Amin Asia
Co., Iran).

Sample Population

Qualitative analysis of protease and keratinase activity of the isolate was performed
using SMA and FMA media. The overnight culture of the isolate was inoculated on SMA
and FMA media and incubated at 20, 30, 37, and 50 °C. The proteolytic activity and the
keratinolytic activity were investigated with the formation of hydrolysis zones around the
colonies [13]. Quantitative analysis of protease and keratinase activity of the enzyme was
measured using casein substrate for the proteolytic activity, azokeratin (beta-keratin) and
keratin azure (alpha-keratin) substrates for keratinolytic activity as follows: the isolate
was inoculated (2%) in FMB medium with 1% feather as the sole source of carbon and
nitrogen and incubated at 37 °C with shaking at 150 g. The enzyme activity at 24 h
intervals was measured as follows: 1 ml of the culture medium was centrifuged at 10000
g for 5 min, and the supernatant was used for assay as raw enzyme [14].

The protease activity was investigated using lonata et al., [15] protocol with some
modification. Casein, 0.5% (w/v), was dissolved in Tris-HCI buffer (50 mM) on a
magnetic stirrer and adjusted to pH 8. The crude extract of the enzyme (50 ul) was mixed
with 450 pul of casein solution, incubated (60 min) in a hot bath (50 °C), 500 pul of 10%
trichloroacetic acid (TCA) was added to stop the reaction. Then, the solution was
centrifugated for 10 min at 12,000 rpm and the absorption of the supernatant was
measured at 280 nm. Enzyme solution without casein was used as a control sample.

186



Moridshahi et al.: Biodegradation of Keratinous Wastes by Alkaline-Keratinase Produced from Bacillus tequilensis BK206 and
Optimizing the Cultural Conditions for Increased Keratinolytic Activity

Finally, using the standard curve of tyrosine (the rate of enzyme production and activity
was evaluated on the obtained equation), the equation of production and activity of the
enzyme was evaluated. One unit of protease activity was considered as the amount of
enzyme required to release one micromole of tyrosine in one minute. This value is defined
in U/ml and calculated according to the following Eqgn. 1.

Unit/ml=(X) concentration of the product/Volume of the enzyme (ml) * Time (min)

Eqgn. 1

Azokeratin was synthesized according to the Herzog et al. [16] method and used as
substrate (beta-keratin) to measure azokeratinolytic activity. 100 ul of crude enzyme were
added to 900 pl of Tris-HCI buffer (50 mM) containing 10 mg of azokeratin at pH 8. The
tubes were incubated at 37 °C, 150 rpm for 60 min, and then placed on ice for half an
hour to stop the enzymatic activity. In the end, the optical absorption was read at 450 nm
against the control sample. Where one unit of azokeratinolytic activity is defined as the
amount of the enzyme that causes a 0.01-fold increase in the absorbance unit at 450 nm
against the control sample over 60 minutes under standard conditions [17].

Keratin azure was used as an alpha-keratin (wool) substrate (Sigma-Aldrich, USA)
according to the Daroit et al. method [13]. Crude enzyme solution, 100 pl, was added to
900 pl Tris-HCI buffer containing 5 mg of keratin azure and incubated at 50 °C for 60
min at 150 rpm. To stop the reaction, the solution was placed on ice for half an hour, and
the optical absorption of the sample was read at 595 nm. A keratinase activity unit using
keratin azure is defined as the amount of enzyme that causes a 0.01-fold increase in
absorbance unit at 595 nm against the control sample over 60 min under standard
conditions. In all three assays, the medium without inoculation was used as control. The
experiments were repeated twice. Next, the absorption results at 450 and 595 nm were
converted to the enzyme unit using Eqgn. 2.

Unit/ml= (N) Volume of solution*A (450 or 595) Absorption rate/0/01 #*Time (min)
Eqgn. 2

Optimization of keratinase production

Optimization of the culture conditions was performed using one factor at a time
method. In this study, temperature (20, 30, 37, 40, 45, 50, 55 °C), pH (6, 7, 8, 9, 9.5, 10,
10.5, 11, 11.5 and 12) , different concentration of feather substrate (0.2, 0.5, 1, 2, 3,4,5
and 6%), different carbon sources (glucose, sucrose, lactose, fructose, mannitol and starch
at 1% concentration), different nitrogen sources (Organic sources including peptone,
yeast extract, urea and mineral sources including ammonium nitrate, ammonium chloride
and potassium nitrate with concentration of 0.4%) and inoculation size (1, 2, 3, 4,5, 6, 8
and 10%) was studied.

Degradation ability of various keratinous wastes

The biodegradation ability of the isolate was investigated in the presence of four types
of substrates, chicken feather (B-keratin), sheep wool, sheep hoof, and human hair (a-
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keratin). One percent of each substrate (w/v) was added to the minimal salt medium
(MSM (g/L): NaCl, 0.5; KoHPOs, 0.3; KH2PO4, 0.4; MgS04.7H20, 0.1 with pH 7.5), and
incubated at 37°C for 48 h at 150 rpm. The enzyme activity was measured using
azokeratin substrate at 450 nm for 60 min.

The rate of degradation of different keratin wastes by the isolate was evaluated by
measuring biomass and quantifying enzyme activity in terms of enzyme unit. Feather and
sheep wool were added as a sample substrate of a- keratin and B-keratin to the MSM
before and after optimization conditions. After 48 h of incubation, the culture medium
was filtered using Whatman filter paper No. 1 and washed with 70% alcohol to remove
the remaining bacterial cells. The filter paper was placed in an oven at 60 ° C for 48 h to
achieve a constant weight. The weight of the filter paper was expressed as a percentage
of the total weight and substrate residue, and the percentage of substrate degradation was
determined by weight loss [18]. Experiments were performed in duplicates, and the
results were averaged.

Statistical analysis

To investigate the significance of each of the factors tested, statistical analysis of
variance (ANOVA) was performed using SSPS software (version 18) at 95% confidence
level.

RESULTS AND DISCUSSION
Qualitative and Quantitative assessment of proteolytic and keratinolytic activity

The effect of temperature on the proteolytic and keratinolytic activity of Bacillus
tequilensis BK206 is shown in Table 1. The results showed that the isolate was able to
have hydrolysis activity at temperatures of 20, 30, and 37°C. The highest proteolytic and
keratinolytic ability were observed at 37°C. The activity of the isolate was measured using
three substrates: casein (proteolytic), azokeratin and keratin azure (keratinolytic) in terms
of enzyme unit. The results showed that the highest protease activity occurred on the
second day of incubation (48h), which matched the highest keratinase activity on the
azokeratin. The highest keratinase activity on keratin azure was observed after 96 h of
incubation, which indicates that it takes more time for enzymatic hydrolysis to take place
in this substrate (Table 2). Enzymatic activity was assessed based on colorimetric method
in which the intensity of substrate degradation was shown with the intensity of the
released dye (Fig. 1).

Table 1. The diameter of the clear zone around the colonies (mm), (+) colony growth
but lack of hydrolysis zone, and (-) not growth and hydrolysis zone

Temperature (°C) Diameter of the clear Diameter of the clear
zone of Skim milk (mm) zone of Feather meal
20 12 3
30 20 5
37 35 8
50 + -
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Table 2. Investigation of enzymatic activity of Bacillus tequilensis BK206 using
different substrates over 120 hours of incubation

Enzymatic activity (U/ml +SD)

Incubation Casein Azokeratin: - Keratinazure: o-
time (h) (Protease keratin keratin
activity) (Keratinase (Keratinase
activity) activity)
24 51.25+2.21 40.09 +1.13 1.45+0.45
48 98.86+1.9 46.35+1.47 3.521+.05
72 7454 +1.12 41.81+0.42 9.88+0.3
96 33.65+3.11 245+0.81 10.12+0.14
120 1.98+10.2 19.1 +£2.45 7.41+1.11

Fig. 1. Effect of enzymatic activity on (A) keratin azure and (B) azokeratin substrates
based on colorimetric method (the evaluation of enzymatic activity was performed
based on colorimetric method and the intensity of the released dye indicates the severity
of substrate degradation)

Optimization of enzyme production

The results showed that the isolate had high keratinase activity in the temperature
range of 20-45°C with the highest keratinolytic activity occurring at 37°C. There was no
significant difference between activity levels in temperatures of 20, 30, and 45°C. At
50°C, enzyme production decreased drastically and at 55°C bacterial growth stopped
completely (Fig. 2A). The results also showed that the isolate was active in a wide range
of pH. Keratinase activity increased significantly in pHs of 9-11.5, reaching its maximum
value (2x) at pH:10.5, where there was an 86.8% increase in keratinolytic activity. At
pH:11.5, keratinolytic activity decreased, and at pH:12, the isolate stopped growing (Fig.
2B). Investigation of the isolate's ability to decompose different amounts of feather
showed that the 2% feather concentration resulted in the highest keratinolytic activity.
Statistical analysis revealed no significant change in the amount of enzyme produced in
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feather concentrations of 2, 3, and 4% (Fig. 2C). Our results showed that using 1% lactose
as a carbon source led to increased keratinolytic activity, but the difference from the base
medium was not statistically significant. Using other carbon sources significantly reduced
the keratinase activity. The best improvement in enzyme production (12%) was observed
in the media containing ammonium chloride and ammonium nitrate. Therefore,
subsequent phases of the study were performed using ammonium chloride (Fig. 2D, 2E).
Since there was no significant difference between bacterial inoculum levels at 2, 4, 6, and
8% concentrations, the 2% concentration was selected as the optimal inoculum ratio (Fig.
2F).

Evaluation of substrate degradation and degradation ability against different
keratinous substrates

The percentage degradation of the substrate was evaluated based on the dry weight of
keratin that remained in the base and optimized media. In this stage, the amount of keratin
was measured as a percentage of the initial dry weight of keratin. Complete degradation
was defined as having a residual feather concentration of less than 5% (i.e. more than
95% decrease from the initial feather concentration) (Table 3). The results showed that
Bacillus tequilensis BK206 was able to degrade chicken feathers completely, and had a
good performance in sheep wool. The isolate also showed good hydrolysis and keratinase
activity in sheep hoof substrate, but was not able to produce the enzyme in the presence
of human hair (Fig .3).

Determination of keratinase: protease activity rate (K/C)

In this study, the keratinolytic activity of the isolate was studied on the chicken feather
substrate and the caseinolytic activity on the casein substrate. The K/C ratio was 0.951,
indicating the high ability of this isolate to produce the efficient and functional keratinase
enzyme.
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Fig. 3. Investigation of enzyme activity of Bacillus tequilensis BK206
in the presence of different substrates

In the qualitative study of the proteolytic and keratinolytic activity of the isolate, the
highest growth rate and hydrolysis were observed at 37°C. It was deduced that the isolate
is mesophilic, which is an important feature for the hydrolysis of keratinolytic bacteria
with low energy consumption. In line with the present study, Agrawal and Dalal, Riffel
and Brandelli [19, 20] reported that 37°C is the optimum temperature for the keratinolytic
activity of their isolates.

Protease and keratinase activity of the isolate reached its highest level after 48 h of
incubation and started to decline on the 72 h. In the keratin azure substrate, keratinase
activity peaked at 96 h, which indicated that the enzyme needed more time to hydrolysis
in the presence of this substrate. The molecular structure of keratin azure, which is alpha-
keratin with high amounts of cysteine and large numbers of disulfide bonds, makes it
more rigid than beta-keratin and casein soluble protein, which means it takes longer for
the bacteria to cause hydrolysis [13]. In this study, the keratinolytic activity of the isolate
was increased at the temperature of 37°C and pH of 10.5 after 48 h of incubation. Similar
to this study, Prakasham et al. [21] reported maximum keratinase production in B.
halodurans PPKS-2 after 48 h incubation. Most microbial keratinases are neutral to
alkaline proteases with an optimum pH of 7.5 to 9, although some enzymes are more
active at alkaline or acidic pHs [10]. The study conducted by Gupta and Singh [22], also
observed maximum keratinase activity at pH 10.5. The high stability of many proteases
especially keratinase, over a wide range of pH, is a remarkable feature that makes them a
suitable option for biotechnological applications, especially in detergent and leather
industries [23, 24, 25].

Investigating the effect of substrate quantity on enzyme production showed that
changing the substrate concentration in the range of 2 to 4% had no impact on keratinase
activity. Using more than 4% substrate decreased the enzyme production, a change that
perhaps can be attributed to the saturation of the active sites of the enzyme by the substrate
or the reduced aeration due to increased substrate density [14]. In this study, adding any
carbon source -except lactose- reduced the keratinolytic activity of the isolate. This means
that in the presence of other easier to access carbon sources, the isolate will use those
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sources rather than feather meal, which will sharply decrease its keratinolytic
effectiveness. Tiwary and Gupta [26] showed that the excess carbon source had a positive
effect on proteolytic activity; a result that contradicts the findings of the present study and
many other studies that have identified glucose and other sugars as inhibitors of
proteolytic enzymes (catalytic suppressors) [27, 28]. Also, nitrogen source is an essential
factor in the microbial growth and production of microbial products. Different bacteria
react differently during growth and keratinolytic activity in the presence of organic and
inorganic nitrogen. And different bacteria may prefer and use different sources of
nitrogen, according to nitrogen availability and simplicity. Depending on the nitrogen
source used by the bacteria, the optimization results may be affected. Brandelli et al.
believed that the additional nitrogen sources might act as inducers of keratinase
production (2). In the study conducted by Tiwary and Gupta [26] on keratinolytic activity
of B. licheniformis ER-15 isolate, soybean flour and yeast extract were identified as
nitrogen sources inducing keratinolytic activity; in contrast, Bernal et al. and Ramnani
and Gupta [29, 30] identified tryptone and peptone as useful nitrogen sources for the
keratinolytic activity of isolates of Kocuria rosea and B.licheniformis RG1, respectively.
In this study, the addition of ammonium chloride and ammonium nitrate enhanced the
keratinolytic activity of the isolate and increased keratinase production by 14 units which
is in line with the study conducted by others (2, 26, 29, 30).

Optimizing the culture conditions increased the enzyme production from 46.3 (U.ml"
1 t0 107.6 (U.mlIY), a 2.3-fold increase. This study showed that pH has the greatest effect,
and carbon source and inoculum ratio had the least effect on the process by the isolate.

The rate of degradation of various keratinous wastes by the isolate was evaluated by
measuring biomass and quantifying enzyme activity in terms of enzyme unit. The results
showed that the isolate has high potential in degrading a variety of keratin substances,
including alpha and beta keratin, and in the hydrolysis of significant amounts of chicken
feather (100%), sheep wool (88%), and sheep hoof (46%) but is unable to degrade human
hair. In a study by Son et al. [31] up to 75% of the chicken feather, 10% of sheep wool,
and 9% of human hair was broken down by B. pumilis F3-4. A study by Park and Son
[32] on the keratinolytic ability of B. megaterium F7-1 showed that it managed to break
down 100% of chicken feathers but only 19% of sheep wool and 18% of hair.

Substrate specificity is one of the most essential criteria for designating a protease as
keratinase. Any protease with Keratinolytic; caseinolytic K:C ratio of more than 0.5 can
be considered a keratinase with potential industrial and environmental value [4]. In this
study, the K:C ratio was measured to 0.95, which signifies the excellent keratinolytic
ability of Bacillus tequilensis BK206 and the high potential in the use of its keratinase as
a catalyst for environmental purposes in various industries [25, 33].

CONCLUSION

While there are many microbial sources for producing enzymes, such as keratinase,
only a few of them are capable of producing a suitable keratinase for biotechnological
purposes. The ability of the isolate to grow at moderate temperatures, alkaline pH, and
high substrate contents makes this strain an excellent candidate for keratinase production
in various industrial processes. Given the unique ability of this isolate to degrade feathers
completely and breakdown sheep wool and other keratin substances to a large degree, it
is an excellent option for bioremediation processes and the production of waste
derivatives. The results of this study suggest that Bacillus tequilensis BK206can serve as
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an easily accessible, cost-effective, and environment-friendly means of keratinase
production for various biotechnological purposes.
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