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ABSTRACT

The aim of the study was to isolate Keratinolytic bacteria from
feather dumping soil. Ten isolates were selected after growth
on Nutrient agar and they named as TKP1to TKP10. All the
ten isolates were subjected to primary screening on milk agar
plates, among the ten isolates, four were showed proteolytic
activity in terms of making clear zone surrounding their colony
on the milk agar medium. The four positive isolates were again
subjected to the secondary screening on feather broth and two
isolates, TKP1 and TKP3 were showed degradation of feather
during their growth. Though the degradation of process was
taking long time, all these two achieved complete degradation
of feather as the sole organic source for carbon, sulfur and
energy. This novel Keratinolytic bacterial isolates have
potential biotechnological use in processes involving keratin
hydrolysis.
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INTRODUCTION

Keratin is the most abundant structural protein in skin, hair, wool and feathers. Keratins are
proteins that form hard fibers and are components of epidermal and skeletal tissues.
Disulfide and hydrogen bonds make keratin a stable protein resistance to proteolytic
hydrolysis (Arai et al., 1996; Jones et al., 1999). Feather contains over 90% of crude protein
in the form of keratin (Radhika Tatineni et al., 2008).

Feathers are almost pure keratin protein (90% or more), found as waste or byproducts at
poultry processing plants. They reach millions of tons per year worldwide. Increasing

quantities of feathers can lead to environmental pollution (Sanaa Tork et al., 2013).

Keratinase research has gained momentum because of its additional industrial and
biotechnological applications. Other than those in the conventional sectors of proteases.
(Gupta and Ramnani, 2007). Keratinases find application in feed industry, fertilizers,
pharmaceutical sector and as dehairing enzyme in leather industry (Allpress et al., 2002;
Anbu et al., 2005; Syed et al., 2009).

Keratinase which can degrade feather with dissolution of barbs and shafts in absence of any
redox or pre-treatment will be ideal for prion degradation (Ekta Tiwas and Rani Gupta,
2010).

Keratin by virtue of its insolubility and resistance to proteolytic enzymes is not attacked by
most of living organisms. Nevertheless, keratin does not accumulate in nature and, therefore,

biological agencies can be presumed to accomplish its removal (Joshi et al., 2007).

They hydrolyse the keratin by synthesizing specific class of extracellular enzymes called
keratinases, which degrade keratin into small peptides that can be utilized by the cell (Lucas
et al., 2003).

The keratinolytic microorganisms and technologies developed for feather degradation not
only remove the waste feathers efficiently from nature but also make the by-products of the

process as a valuable protein supplement (Pushpalata et al., 2010).

The protein chains are packed tightly either in a-helix (a-keratins) or in B-sheet (B-keratins)
structures, which fold into final 3-dimensional form (Kim, 2007; Esawy, 2007; Krelpak et al.,
2004).
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These proteins belonging to the scleropeptides group are compounds that are extremely
resistant to the action of physical, chemical and biological agents. One of the main
characteristics of keratins is that they have high mechanical stability and resistance to
proteolytic degradation, which depends on the disulfide and hydrogen bonds, salt linkages
and other cross linkings (Korkmaz et al., 2004; Hoq et al., 2005).

A group of proteolytic enzymes which are able to hydrolyze insoluble keratins more
efficiently than other proteases are called keratinases produced by some microorganisms.
Keratinase properties depend upon its procedures. It is usually a serine protease.
Keratinolytic enzymes have important utilities in biotechnological processes involving
keratin-containing wastes from poultry and leather industries, through the development of

non-polluting processes (Veslava Matikeviciene et al., 2009).

Keratinases are inducible and different keratin-containing materials such as feathers, hair and
wool can be used as substrates for keratinase production (Gupta and Ramnani, 2006). Feather
was the mostly utilized substrate, while human hair was rarely utilized, especially by Bacillus
sp. Another keratin-containing materials, silk as well as feathers and hair, are largely
produced in China and these may also be potential substrates for keratinase production
(Cheng-gang Cai, 2008).

The crude keratinase enzyme increased the digestibility of commercial feather meal and
could replace as much as 7% of the dietary protein for growing chicks. Keratinolytic
microorganisms and their enzymes may be used to enhance the digestibility of feather
keratin. They may have important applications in processing keratin-containing wastes from
poultry and leather industries through the development of nonpolluting methods (Saha and
Dhanasekaran, 2009).

MATERIALS AND METHODS
Maintenance of bacterial isolates

The bacterial isolates were maintained at microbiology laboratory in A. V. V. M. Sri
Pushpam College (Autonomous), Poondi, Thanjavur. The Nutrient agar medium
(Composition (in g/l): Peptone — 5.0, Beef Extracts — 3.0, Agar — 15.0 and the pH was

adjusted 7) was sterilized and poured into sterile petri dishes. Inoculation of suspected
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bacterial isolates was done on solid medium surface and incubated the plates at room

temperature for 18-24 hours.
Primary screening of keratinolytic bacteria (Saha and Dhanasekaran, 2009)

Milk agar medium (Composition (in g/l): Peptone — 5.0, Yeast Extract — 3.0, Dextrose — 1.0,
Skim milk powder — 10.0, Agar — 15.0 and pH was maintained at 7.2) was used for the
primary screening of keratinolytic bacteria (Riffel and Brandelli, 2006). All the ingredients
of milk agar medium were sterilized in autoclave except Skim milk powder. Skim milk
powder was added separately once the medium reached the tolerable temperature (45°C) and
poured the medium in sterile petri dishes. Suspected bacterial isolates, which already
maintained in Nutrient Agar Medium, were inoculated in milk agar plates. The plates were
incubated at room temperature for 48 hours and examined the plates for clear zone formation

on the milk agar plate.
Secondary screening of keratinolytic bacteria (Saha and Dhanasekaran, 2009)

All positive isolates were obtained from the primary screening and subjected to perform the
secondary screening in order to isolate the feather degrading bacteria. Modified Basal liquid
medium ( Composition in (g/l) : Mg SO47 H,O — 0.2 g/l, K; HPO, - 0.3 g/l, K H,PO, — 0.4
g/l, CaCl, — 0.22g/l and Yeast Extract — 0.1g/l) supplemented with raw chicken feather was
used for the secondary screening (Mona,2008). Whole raw feather was collected from
chicken processing shop. Feathers were washed properly with tap water to remove the blood
and other dust particles from it and followed by washing with distilled water. Washed,
cleaned, while chicken feather was dried at room temperature. Twenty five milliliters of
modified basal liquid medium was taken in each boiling test tubes and added one cleaned,
dried medium size chicken feather to the each boiling tubes. Sterilized the medium and
inoculated the isolates once the medium got cool. Selected isolates were chosen based on
their zone forming capability on the milk agar medium. Incubated the boiling tubes at room

temperature and examined the tubes for 30 days.
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RESULTS AND DISCUSSION
Primary screening

In the present study, all the 10 isolates (Bacillus cereus, Staphylococcus aureus,
Microbacterium arborescens, Campylobacter jejuni, Listeria grayi, Corynebacterium
striatum, Clostridium butyricum, Micrococcus luteus, Enterococcus faecium and
Brachybacterium faecium ) were subjected to primary screening on milk agar plate among
the 10 isolates TKP1, TKP3, TKP8 and TKP9 were formed the clear zone, which supported
the degradation and utilization of casein (Skim milk powder) by the respective isolates.
(Fig - 1).Saha and Dhanasekaran, (2010) stated that all the 22 isolates were subjected to
primary screening on milk agar plate and among the 22 isolates SD4, 5, 6, 7, 8, 13, 14 and 15
were formed the clear zone, which supported the degradation and utilization of casein (skim

milk powder) by the respective isolates.

TKP8 with clear zone TKP9 with clear zone

Fig 1: Isolated bacterial colonies on Skim agar plate
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Secondary screening

Saha and Dhanasekaran, 2010 reported that Among the positive isolates and SD5, 6 and 7
were able to degrade the feather among the 8 isolates selected through primary screening. All
these three, SD5, SD6 and SD7 isolates were found to degrade the whole chicken feather in
modified Basal liquid medium after 15-25 days of incubation period. Isolate, SD15 was
observed with different character in the same modified Basal liquid medium that it grew on

the feather surface but unable to degrade the feather.

In the secondary screening, among the 4 isolates, two strains TKP1 and TKP3 were able to
degrade the feather effectively in modified basal liquid medium for after 15-25 days of
incubation period. Hence these two strains were potent feather degrading strains from the

present study.

control 20 Days 30 Days
Fig 2: Degradation of feather by TKP1

control 20 Days 30 Days

Fig 3: Degradation of feather by TKP3
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In the present investigation, bacteria were isolated from feather dumping soil that owned
keratinolytic activity and ability to degrade the keratin waste. Preliminary screening test
indicated that isolate TKP1, TKP3, TKP8 and TKP9 were capable of degrading and utilizing
the casein which confirmed their proteolytic nature. Isolates grown on medium containing
whole raw feather could utilize feather as a unique carbon and nitrogen source and secondary
screening indicated TKP1 and TKP3 were the best two isolates among the other isolates

capable of degrading. (Fig -2 & 3).

TKP1 TKP3

Fig 4: TKP1 and TKP3 on Nutrient agar medium

Feather is rich in keratins and consists of high disulfide bonds, its make very hard to degrade
the feather. Though TKP1 and TKP3 these two isolates took long time (15-25) for feather
degradation, but they showed the significant property to degrade the feather that is difficult to

achieve.
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