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Abstract
Background and Objectives: Keratins comprise largest complex family of cytoskeletal filament proteins found in human hairs, chicken
feathers and wool. Biotechnical applications might augment the human efforts to degrade these keratins which pose a problem to
environment. Present study was aimed to enumerate the potential microbial sources for production and purification of keratinase
followed by characterization. Materials and Methods: Poultry waste samples (n = 20) collected and used for the isolation of organism
through serial dilution. Keratin broth media employed to assess the activity using azocasein as substrate by spectrophotometry.
Biochemical and morphological identifications done and confirmed as Serratia sp. by 16S rRNA sequencing. To purify the enzyme,
ammonium sulphate precipitation, dialysis, ion exchange and gel filtration chromatography were carried out followed by SDS-PAGE
based molecular weight determination. Results: Out of 12 organisms, one showed increased keratinase activity. The activity and yield
were increased 6.4 and 16.25%, respectively followed by purification. Enzyme activity was maximum at pH 7 and temperature 37EC
with keratin azure as substrate. Molecular weight of purified enzyme was shown to have 50 kDa as determined by SDS-PAGE.
Conclusion: It is revealed that Serratia sp. could be a potential microbial source can be harnessed for alleviation of environmental
pollution and feather waste utilization.
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intellects the effect of mutagens and metal ions. Produced
keratinase enzyme established the significant feather
degrading capabilities, demonstrating prospective of the
isolate in various industrial processes to produce novel
bioproducts.

INTRODUCTION
Keratin is an insoluble protein present in nature mainly
in the form of feathers, wool, hooves, scales, nails (hard
keratins) and stratum corneum (soft keratins)1,2. Proteins
belong to the scleroprotein group are compounds that are
extremely resistant to the action of physical, chemical and
biological agents. They have high mechanical stability and
high resistant to the degradation of keratin due to the
presence of their disulfide bonds, hydrogen bonds, salt
linkages and cross linkings3,4. Goat hair, sheep wool and
buffalo horn exhibited lower response to Keratinolytic
hydrolysis5. Keratin comprising materials are profuse in
nature but have inadequate uses in practices, meanwhile
they are insoluble and resistant to degradation by the
common proteolytic enzyme keratinase wastes characterize
a substance of valuable protein and amino acid6. Hair is mainly
composed of 90% of keratin protein and 1-9% of lipids7,8.
Human hair is a material considered useless in most
societies and therefore is found in municipal waste streams
in almost the entire world. Due to slow degradation, it stays
in the dumps/waste streams for long occupying large volumes
of space. Burning of human hair or the waste piles containing
them is a practice observed in many parts of the world
produces foul odour and toxic gases, such as; ammonia,
carbonyl sulphides, hydrogen sulphides, sulphur dioxide,
phenols, nitriles, pyrroles and pyridines9. Open dumps of hair
generate hair dust which causes discomfort to people near
them and if inhaled in large amounts can result in several
respiratory problems. The best way to address such problems
is to develop systems which utilize the waste material as a
resource. Other promising applications have been associated
with keratinolytic enzymes, including elimination of keratin
in acne, depilation process, preparation of vaccine for
dermatophytosis therapy, pharmaceutical enhancement of
the nail treatment and degradation of prion and prion-like
proteins10.
A number of keratinolytic micro-organisms have been
reported including species of fungi like Microsporum11,
Aspergillus , Bacillus 1 2 , Streptomyces 1 3 and other
Actinomycetes which are capable of degrading hair.
Microbial keratinase have become biotechnologically
important in the recent decade, particularly due to their
potential in numerous industrial applications, such as; in the
animal feeds, fertilizers, detergents, leather, glues, films and
pharmaceutical industries14. Therefore; in this study, it was
aimed to isolate that novel strain Gram-negative bacteria
Serratia sp. for the production and characterization of
keratinase enzyme by degrading poultry waste and also

MATERIALS AND METHODS
Chemicals: The LB Agar (Himedia India), Azocasein (Sigma
aldrich India) Fc reagent (SD fine India) and all other reagents
were of analytical grade. The molecular mass SDS‒PAGE
standards were obtained from Bangalore Genei.
Collection and isolation of bacteria from poultry waste:
The experiment was conducted for a period of 10 months
between July, 2017-March, 2018. Poultry waste samples
(n = 20) were collected from three different areas of
Bengaluru. Organism was isolated by the suspension
culture method; 1 g of sample was mixed in 1% of 10 mL
saline solution by vertexer and allowed for sedimentation.
About 0.1 mL of inoculum was pipetted into sterile
Petri plates and casein agar was poured in order to get
proteolytic organisms followed by swirling. Plates were
incubated at 35EC for 24 h colonies of distinct morphological
characters cultured on LB agar slant to obtain pure isolates.
Screening of strain for keratinase activity: Keratinolytic
activity was tested by bioassay method15 using Azo casein
substrate for every 24 h up to 5 days. Quantitative
estimation of proteins was determined in the culture
supernatants using Bovine Serum Albumin (BSA) as the
Readings
were
carried
out
in
a
standard16.
spectrophotometer at 660 nm.
Effect of pH on keratinase production: About 50 mL of
minimal broth with 1% feather was added in different
conical flaks and broth was set for different pH such as; 4, 5, 6,
7, 8, 9 and 10 using acetic acid and sodium hydroxide.
Conical flasks were autoclaved and inoculated with the
organism. After 72 h of incubation, the enzyme activity was
measured.
Effect of temperature on keratinase production: About
50 mL of minimal broth with 1% feather was prepared in
different conical flasks and pH of each conical flask was
adjusted to 7. Conical flasks were autoclaved and inoculated
with the organism. The flasks were inoculated at different
temperature like 20, 25, 30, 35, 40, 45, and 50EC. After 72 h of
incubation, the enzyme activity was measured.
790
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Effect of different metal ions on keratinase production:

Statistical analysis: The experiment was conducted in

About 50 mL of minimal broth with 1% of feather was

triplicates and the results were analyzed statistically with
the use of one-way analysis of variance (ANOVA) software.
The means were compared for significance at p<0.05.

prepared in five different conical flask and 10 mg of each
metal ions like cupric sulphate, cadmium sulphate,
manganese chloride, zinc sulphate and mercuric chloride
were

used.

Media

was

autoclaved,

inoculated to each conical flask and

organism

RESULTS

was

incubated at 35EC

for 72 h. Afterwards, keratinolytic activity was determined

Selection of bacteria: All the seven strains grew well on skim

by the assay method and different concentration of metal ion

milk agar media. As the strain 1 from soil sample 1 (0.6 cm),
strain 2 from soil sample 2 (0.4 cm) and strain 3 (0.4 cm) from
soil sample 3 has shown the highest clear zone, they were
subjected for keratin hydrolysis test. During this process, the
organism strain 1, strain 2 and strain 3 were inoculated in
minimal agar broth containing feather as source for keratinase
production. Keratinolytic activity was measured for every
24 h up to 96 h by assay method. In all the strains, strain 1
showing highest result at 72 h of incubation (28.312 U mLG1)
as presented in Table 1. Hence it is selected for the process
of enzyme production.

was tested for the highest activity producing metal ion.
Effect of UV radiation on the activity of organism: The
lawn culture was prepared on five different LB agar plates
and exposed to UV radiation of 15 watts with distance 50 cm
at different time intervals such as 5, 10, 15, 20 and 25 min.
Then the plates were incubated at 35EC for 48 h. Pure cultures
were isolated from each plate and sub-cultured on LB agar
media. About 50 mL of Keratinase broth was prepared in
five different conical flasks and autoclaved. Then each flask is
inoculated with pure cultures isolated from UV mutated

Identification of the strain: The colonies observed on LB

plates. Conical flasks were incubated at 35EC for 72 h. Then

agar were circular, entire margin, slightly raised, smooth
surfaced and showed negative result for Gram-staining. By
performing the various morphological and biochemical
tests, one isolate was grouped under the genus Serratia. In
the 16S rRNA sequencing and phylogenetic investigation
(Fig. 1), the bacterial strain is identified as Serratia sp.

keratinolytic activity was determined by the assay method.
Highest activity produced UV mutated organism was
subjected to different distance such as 50, 40, 30, 20 and
10 cm UV exposure.
Purification and characterization of keratinase enzyme:
About 200 mL keratinase broth was prepared for the

Effect of pH on keratinase production: The media was set

production of enzyme. Cell free media was used for the

chromatography.

for different pH and keratinolytic activity was analyzed for
each pH after 72 h of incubation. Results revealed that
organism showed 21.217 U mLG1 of maximum activity at
neutral pH 7 (Fig. 2a).

Molecular weight determination: Polyacrylamide gel

Effect of temperature on keratinase production: The

electrophoresis (PAGE) in presence of Sodium Dodecyl
Sulphate (SDS) was prepared and carried out17. About 40 µL

optimum temperature for keratinase production was
recorded. Results showed that maximum activity
(21.567 U mLG1) of keratinase production was recorded at
40EC (Fig. 2b). Serratia sp. produce the enzyme in wide
range of temperatures is an example for the production of
keratinase enzyme.

purification by three step method like ammonium sulphate
precipitation, dialysis, ion exchange and gel filtration

of the sample was mixed with 40 µL of gel loading dye,
50 µL of sample was loaded into wells. The necessary
electrical connections are made and the voltage was
adjusted to 50 mv. Electrophoresis was made to run for
75-80% of the length of the gel slab. Gel was stained with
coomassie blue for 8 h and destined to observe the bands.

Effect of metal ions on keratinase production: The enzyme

Enzyme characterization by kinetic study: During this

activity was highest in presence of MgCl2 (26.163 U mLG1) and
decreased in presence of HgCl2 (2.344 U mLG1) (Fig. 2c).

process, the optimum enzyme activity was determined by
different pH, temperature, substrate concentration and

UV mutation: Keratinase production of the mutated strain at

incubation time.

20 min showed highest activity (41.514 U mLG1). As compared
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Serratia plymuthica strain NBRC 102599 16S ribosomal RNA gene, partial sequence
Serratia plymuthica strain K-7 16S ribosomal RNA gene, partial sequence
Serratia quinivorans strain 4364 16S ribosomal RNA gene, partial gene
Serratia quinivorans strain LMG 7887 16S ribosomal RNA gene, partial sequence
Serratia liquifaciens strain ATCC 27592 16S ribosomal RNA gene, complete sequence
Serratia proteamaculans strain DSM 4543 16S ribosomal RNA gene, complete sequence
Serratia grimesii strain DSM 30063 16S ribosomal RNA gene, complete sequence

Fig. 1: Phylogenetic analysis of 16S rRNA gene sequence for organism identification
25

(a)

20

1

Enzyme activity (U mLG )

1

Enzyme activity (U mLG )

25

15
10
5
0
6

7
pH

8

9

15
10
5

10

25

50

1

Enzyme activity (U mLG )

(c)

1

Enzyme activity (U mLG )

5

20

10

0

20

0
4

30

(b)

Cadmium

Mercury

Copper
Metal ions

Manganese

35
40
Temperature (°C)

45

50

(d)

40
30
20
10
0

Zinc

30

4

10

15
Time (min)

20

25

Fig. 2(a-d): (a) Effect of pH on keratinase enzyme production (b) Effect of temperature on keratinase enzyme production (c) Effect
of different metal ions on keratinase enzyme production (d) Effect of time on keratinase enzyme production.
Table 1: Production of enzyme from selected bacterial strains
Enzyme activity (U mLG1)
------------------------------------------------------------------------Organism
24 h
72 h
96 h
Strain 1
20.15
28.312
24.60
Strain 2
16.19
23.76
21.78
Strain 3
17.85
24.78
26.27

to control organism, UV exposed organism showed 48.8%
more keratinolytic activity. Hence the strain is selected for
production of enzyme (Fig. 2d).
Purification of keratinase enzyme: It is shown in Table 2
that

Table 2: Fold purification of keratinase enzyme
Activity
Specific activity
Samples
(U mLG1)
(U mgG1)
Crude
17.592
24.433
Salt ppt.
22.656
43.906
Dialysis
21.084
42.00
Ion exchange
17.286
54.702
Gel filtration
18.596
158.632

Purification
(fold)
1.000
1.796
1.719
2.239
6.492

the crude enzyme exhibited 24.433 U mgG1 of

activity, for ammonium

sulphate

saturated

activity was increased to 43.906 U mgG

Yield (%)
100.00
71.677
69.722
43.89
16.25

1

enzyme

and enzyme

activity after dialysis was 42.00 U mgG1. After ion exchange
chromatography, specific activity was 54.702 U mgG1 and
for gel filtration enzyme activity was highest at 16th
elution showing 18.596 U mLG1 (Fig. 3a) and specific activity
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Fig. 3(a-b): (a) Keratinase enzyme purification by gel filtration chromatography (b) SDS-PAGE of the purified keratinase enzyme
and marker proteins, number beside the gel are molecular mass of enzyme bands expressed in kDa
158.632 U mgG1. Over all fold purification achieved was
6.492 and yield percentage was 16.25 as shown in Table 2.

Effect of temperature: Keratinase production is assayed by
incubating the enzyme at different temperatures like 25, 35,
45 and 55EC. The enzyme was active within the temperature
range of 37-80EC. Keratinolytic activity increases gradually
from 37EC to reach the optimum at 80EC (Fig. 4b) and
showed highest activity at 35EC.

Molecular weight of the keratinase enzyme: SDS-PAGE for
the purified samples was carried out to distinguish the
molecular weight of the keratinase enzyme 50 kDa
(Fig. 3b).

Effect of substrate concentration: Keratinase production
Enzyme kinetics

was assayed at various substrate concentrations such as 0.5,
1.0, 1.5, 2.0, 2.5 and 3 mg at 37EC (Fig. 4c). Minimum
keratinase activity (36.627 U mLG1) was recorded in presence
of 0.5 mg substrate concentration and the activity increased
with the increase in substrate concentration. Keratinase

Effect of pH: Keratinase activity was assayed at different
pH by preparing buffers with different pH. Results revealed
that the organism showed highest activity at pH 7.0
(Fig. 4a).
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Fig. 4(a-d): (a) Effect of pH (b) Incubation temperature (c) Substrate concentration (d) Incubation time on keratinase enzyme
activity
Results are the mean of three experiments

among the 12 and 7 isolated strains showed clear zones
on skimmed milk agar plates since casein was hydrolyzed by
the extracellular proteolytic enzyme secreted by the isolated
strains19. Different organisms showed maximum enzyme
production at different pH levels. For example, Bacillus cereus,
Bacillus subtilis and Bacillus pumilus produced maximum
enzyme at pH levels of 7.0, 5.9 and 5.6, respectively20. In earlier
intelligences, bacteria with feather degrading ability were
grown at wide range of pH. Baciluss cereus at pH 9
Bacillus megaterium21 exhibited maximum activity22 at pH 7
and it is observed that keratinase production by Bacillus
subtilis KD-N2 in a hair medium23 at pH 6. Different studies
showed that Bacillus cereus is capable of growing at 40EC
with optimum temperature for keratinase enzyme
production24 is at 30EC. Bacillus sp. produced maximum
keratinase12 at 45-50EC and Arthobacter sp. NFH 5 is
produced keratinase enzyme25 at 37EC. Metal ions are
helpful to grow the micro-organisms as an essential
micronutrient, not much of the work has been done for the
production of keratinase enzyme by using metal ions. Many
divalent metal ions increased the enzyme activity such as;

activity was found highest at 1.5 mg substrate concentration,
(Substrate concentration was slightly increasing from
1.5-3 mg. Because of this, it has been considered 1.5 mg is
the good concentration).
Effect of incubation time: In order to investigate thermal
stability of the enzyme, incubate for 10, 20, 30 and 40 min at
37EC and then the residual activity was measured. Keratinase
activity determined at incubation period of 10, 20 and 30 min
was 153.091 U mLG1 and it decreased after 40 min of
incubation (81.937 U mLG1) (Fig. 4d).
DISCUSSION
In the present study, a novel organism Gram-negative
bacteria Serratia sp. is isolated and UV mutation exposure of
20 min on an organism is significant for the production of
enzyme. Keratinolytic activity of organisms increased with the
increase in time. However, the rates of increase in enzyme
activity were not similar in pattern for all the isolates18. Twelve
pure cultures were isolated from three different samples,
794
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Ca+2, Mg+2, Co+2 and Mn+2. However; in the presence of

SIGNIFICANCE STATEMENT

PbCl2, FeCl3, ZnCl2 and HgCl2, keratinase activity was
decreased26. Stimulation of keratinase in presence of metal

This study discovered the novel organism Gram-negative

ion like Mn+2 was due to salt formation or an ion bridge

bacteria Serratia sp., UV exposure for 20 min which

which maintain the confirmation of enzyme-substrate

significantly increase

complex27. Inhibition of keratinase activity by metal ions may

48.8% that can be beneficial for large scale production

be attributed to the formation of bridges between metal

and this study will help the researchers to uncover the

monohydroxide and catalytic ions at the active site28.

critical areas of mutation that many researchers were not

Keratinolytic activity was determined for UV mutated

the production of enzyme nearly

able to explore.

strains at different time intervals (Fig. 2d). According to the
previous results, it was observed that, the UV mutated
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