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ABSTRACT KEYWORDS
Keratins are insoluble structural proteins of skin, hair, horn, wool and Keratinase;
claws. Itisresistant to the action of common proteolytic enzymes however Pseudomonas aueruginosa
keratin can be hydrolyzed by microorganisms that can produce gmp;
keratinolytic enzyme or keratinase. The objective of this work was the 16srRNA.

production of keratinase and degradation of keratin from microorganism
isolated from poultry soil in Trichy. The biochemical and molecular
characterization study reveals that the bacterial strain is Pseudomonas
aeruginosa gmp with accession number JX027506. The optimum
temperature and pH for keratinase production was found to be 70°C and
7.0. The time course for keratinase production was found to be around 6
days. Pseudomonas aueruginosa gmp could degrade waste dyed keratin
in12days. © 2014 Trade Sciencelnc. - INDIA

INTRODUCTION that are capable of degrading theinsolublekeratinous
subgtrate. K eratinolytic enzymehasbeenisolated from

Environmentd pollutionduetothegenerationof solid  bacteria, fungi and acetinomycetes. Theproductionand

keratinouswasteremainsaconcerntill date. Thisin-
cludeswaste generated asfeather keratin, wastefrom
human foot care centersand tanneries. Themostly prob-
lematic arefeatherswhich are produced inlarge quan-
titiesand are the most abundant keratinous material.
Annually the generation of feather waste crosses sev-
eral milliontonsintheworld™. Keratinisatoughin-
soluble protein and amajor constituent of feather, hair,
horn, hoof and claws?¥. Asmuch as 90% of feathers
aremadeup of keratin, theinsolublestructura protein.

Kertinasesareaclassof serineor metalloprotease

purification of keratinasefrom non-pathogenic micro-
bial sourcesareimportant inorder to completely de-
gradefeather keratin to produce an useful productg*.

The specific mechanism of keratin degradati on by
keratinaseisdtill not well ducidation but appearsto occur
in two main steps. deamination and cleavage of
disul phide bond. Deamination createsan dkaineenvi-
ronment needed for substrate swelling, sulphitolyssand
proteolytic attack®”. However, Willam et al (1990)®
reported that keratinase degradation of keratinsoccurred
without an accompanying rel ease of solublesulfhydryl,
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which suggest that the degradation possibly follow dif-
ferent pathways, depending onthetypeandtheorigin
of thekeratinase and the prevailing degradation condi-
tions. Therefore, keratinasesmay show variable activ-
ity towardsdifferent keratin substratesaswell.

The objectiveof this paper mainly focusesonto
isolateanovel keratinolytic organism from poultry soil
in Trichy, Tamil Nadu that could effectively degrade
keratin and also for production of keratinase. Also
screening for the ability of the keratinolytic microor-
ganism for degradation of dyed keratinwasdone.

MATERIALSAND METHODS

| solation and screening of keratinase producing
bacteria

Soil samplewascollected from poultry soil inTrichy,
Tamil Nadu, India. 1 g soil samplewas seridly diluted
and adilution of 10° wassuspendedin 100 ml peptone
broth and kept for growth for 3 days. Thissuspension
wasthen reinocul ated into Feather meal mediaof fol-
lowing compositioning/l: KH,PO, 0.4, K.HPO, 0.3,
Yeast extract 0.1, NaCl 0.5, Feather 10 (pH 7.0). The
culture broth in which feather degradation was con-
firmed visually was used to further streak the feather
mesdl agar platesof compositionin g/l: Feather medl 10,
NaCl 0.5, KH,PO, 0.4, K,.HPO, 0.3, Yeast extract
0.1, Agar 15. Organism was sel ected based on ability
to hydrolyzekeratininfeather meal media.

Feather substrate

Chicken feather were collected from local poultry
plant. It waswashed and cleaned twicewith detergent
and rinsed with steriledistilled water and dried in hot
air ovenand stored till further use.

Bacterial identification and phylogeneticanalysis

Thecultural, morphol ogica and biochemical char-
acterigticsof themicroorganismswereidentified with
BergeysManua of Determinative Bacteriology!®. The
molecular characterizationwasdoneby usng 16SrRNA
sequencing technique. Thegenomic DNA wasextracted
from the given organism using standard procedures®.
The16SrRNA gene amplification was performed us-
ing the universal primers. Forward primer:
5 AGAGTTTGATCCTGGCTCAG-3’ and Reverse

Primer: 5-ACGGCTACCTTGTTACGACTT-3". The
amplified product was sequenced and the data was
analyzed for itssimilarity by using BLAST™! and by
using MEGA 4.1 softwaré'? thephylogeneticanalysis
was done and the tree obtai ned by means of neighbor-
joining method wasanalyzed for rel ated organismg*3.

Keratinolytic and proteolytic activity assay

Kerationolytic activity and proteol ytic activity was
assessed spectrophotometrically by modified Folin-
Ciocalteau method®.

Protain deter mination

The protein content of the samplewasdetermined
using Lowry’s method™.

Fermentation of ker atinaseenzymeproduction and
characterization

The media used for keratinase production was
feather med mediaof thefollowingcompositioning/L:
KH,PO, 0.4, K.HPO, 0.3, Yeast extract 0.1, NaCl
0.5, Feather 10 (pH 7). Feathersinthe mediaserved
asthe carbon and nitrogen sources.

Effect of carbon and nitrogen sour ces

Theeffect of different carbon and nitrogen source
on keratinasewas studied with additional carbonand
nitrogen sourceslike glucose, matose, fructose, galac-
tose, sucrose, lactose, soy meal media, yeast extract,
gelatin and peptone. The concentration of thesecarbon
and nitrogen sourceswas 0.5 g/L of media.

Effect of initial pH and temperaturefor keratinase
production

Severa factorssuch aspH, growth substrate, and
effect of heat significantly influence the synthesis of
keratinasesinafermentation culture®®. A proper bal-
ance of thesefactorsresultsin optimum synthesis of
specific proteasesof interest. To determinethe optimi-
zation conditionsfor keratinase production, fermenta-
tion cultureswere setup at temperaturerangesfrom 20-
90°C and pH ranges from 5-10.

Extraction and partial purification of keratinase
enzyme

Ammonium sulphatepr ecipitation of keratinase
Keratinaseenzymewaspartidly purified with 30%
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ammonium sul phate preci pitation. Centrifugation was
carried out at 10,000 rpm, 20 min at 4°C and dialysis
was carried out overnight against the phosphate buffer
withaternating change of buffer.

Char acterization of keratinaseenzyme

1. Effect of pH and temper atureon enzymeactiv-
ity and stability

Theeffect of pH and temperature on theenzyme
activity and stability was determined at 37°C using
various pH buffers. Sodium citrate (pH 3.0-4.0),
Sodium phosphate (5.0-6.0), KH,PO,-K ,HPO,
(7.0-8.0), sodium carbonate (9.0-10.0), Glycine
NaOH (11.0-12.0). The effect of temperature was
tested by varying thetemperature of the enzymere-
action (20 to 90°C). Enzymes were incubated for
30 minutesat varying temperature between 20-90°C.
Theresidual activity was measured using keratinase
assay.
2. Effect of metal ionsand inhibitors

ThechemicaslikeEDTA, SDS, Triton X-100 and
metal ions (10mM) like Mg, Ca?*, Al®, Mn?*were
used to study theinhibitory effectsand influencing ac-
tivity of keratinaseenzyme.

3. Substratehydrolysis

Thehydrolytic efficiency of keratinasewasstudied
by incubating the enzymes with different substrates
namely feather, hair, nails, human epidermis, wool by
substituting these as a substitute of keratin. The
keratinolytic activity wasdetermined. The%relative
activity was measured.

Degradation of dyed keratin waste

Mal achite green solution was prepared at acon-
centration of 0.01g in 100 ml at apH 5.0. The ad-
sorption of dye onto chicken feathers was done by
agitating 50 ml of dye solutionin conical flask with
chicken featherswhich served as adsorbent. Experi-
mentswere conducted at room temperatureand at a
constant speed of 200 rpm, maintaining thepH at 5.0.
These flasks were kept in shaker for 24 hours and
then the sol ution wasfiltered using whattman filter
paper. The dye adsorbed feathers obtained after ad-
sorption experiments were used as the carbon and
nitrogen sourcesto check the degradation efficiency
by theisolated organism.

BioTechnology —

RESULT AND DISCUSSION

I solation and char acterization of feather degrad-
ing bacterium

Theresultsof morphologicd, biochemica testsand
molecular characterization of theisolated strain using
16srRNA sequencing showed high similarities of
Pseudomonas aeruginosa and it was deposited in
GenBank with the accession number JX 027506 and
named as Pseudomonas aer uginosa gmp. Gram posi-
tivebacteria’s like Bacillus sp., and Streptomyces sp.,
werewidely used to degradefesther keratin. However
only few reportsare avail ablefor the degradation effi-
ciency for gram negative bacteria’s like Vibrio sp,
Chryseobacterium sp, Pseudomonas aeruginosa
sp!*%18, TABLE 1 explainthebiochemical characteris-
tics of isolated bacteria show the rod shaped, green
pigment producing, gram negative, non motile, catalase
TABLE 1: Morphological and biochemical characteristics
of Pseudomonasaeruginosa gmp

TEST
Shape
Gram reaction Gram negative
Motility Non matile
Catalase +
Oxidase +
Indole
MR
VP
Simmons citrate
Tripleiron sugar
Amylase
Pectinase
Lipase
Arginine
Lysine
Dextrose
Fructose
Lactose +
Sorbitol
Sucrose +
Xylose
Gelatinase +
Cellulose +
Starch +

OBSERVATION
Rod

+ + + + + 4+

+ +
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positive, gelatinase positive bacteria. The phyl ogenetic
treeof 16srRNA gene sequence which showsthe po-
sition of Pseudomonas aeruginosa gmp (MNF7)
(Datanot shown). Thusit confirmstheisolated new
organismis Pseudomonas aer uginosa.

Effect of carbon and nitrogen sources

Theaddition of carbon and nitrogen sources caused
anincreasein production of keratinase. Figurel shows
theeffect of different carbon sourceson keratinase pro-
duction. However mediasupplemented with maltose

———————y FULL PAPER

shows highest enzyme production (133.9 U/ml).
Whereasaddition of other carbon sourceslikeglucose,
fructose and | actose shows minimum keratinase pro-
duction. Figure 2 depicted the effect of organic and
Inorgani ¢ nitrogen source on keratinase enzyme pro-
duction. Among al organic nitrogen sourcesyeast ex-
tract exhibited maximum keratinase production (85.1
U/ml) followed by soy med (77.6 U/ml) and the effect
of inorgani ¢ nitrogen sourcesammonium sulphatein-
duceenzyme production (63.9 U/ml) followed by po-
tassium nitrate (58.6 U/ml). The carbon source espe-

Effect of carbon source
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Figurel: Effect of carbon sour ceon ker atinase production
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Figure?2: Effect of organicand inor ganic nitrogen sour ceon ker atinase production
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cialy glucoseinhibited the production of keratinase
becauseit hastendency to act asacatabolite repres-
sor*l, |n this case yeast extract served as inducer,
soyamed a soinduced the production to someextent.

Effect of initial pH and temperatureon ker atinase
production

The optimum pH for the production of keratinase
was found to be 7.0 (Figure 3). The production of

keratinasewaslow inthemediawith acidicpH 5.0 and
inakainepH of 10.0. Thisshowsthat theoptimum pH
for the production of keratinaseis 7.0. The effect of
initial pH isvery important parameter for thegrowth
and morphol ogy of the bacteria. If the pH of theme-
diumisincreased it affectsthe metabolic activity and
morphology of the bacteria*®*®, Production of
keratinase enzymewas maximum at 40 °C (Figure4).
At thistemperaturethe enzyme production was 89.9U/
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Figure3: Effect of initial pH of keratinaseproduction
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Figure4: Effect of temperatur eon ker atinase production from Pseudomonas aeruginosagmp.
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ml followed by 30°C (85.4 U/ml). Similar observation
wasa s0 found kerati nase production from pseudomo-
nas sp.,.

Characterization of ker atinasefrom Pseudomonas
aeruginosagmp

Effect of temper atureon keratinolyticactivity and
stability

Themaximum activity and stability of the purified
enzyme was found to be at 70°C and 50-80°C re-
spectively. It retainsmore than 80%residua activity at
thesetemperaturesand maximum stability wasattain at
70°C (Figure 5). This shows the thermostable nature
of the keratinase produced from newly isolated
Pseudomonas aeruginosa gmp. There are also re-
portssuggest thekeratinase activity and stability wasat
around 50°C for Pseudomonas aeruginosa KS-1%
whichiscontrastingto our findings. Becauseof thether-
mostability natureof keratinolytic enzymeit hasbeen
used for variousindustria processes.

Effect of pH on keratinolyticactivity and stability

ThepH activity and stability of keratinaseenzyme
purified from thebacteriawas showninFigure6. The
keratinase activity wasfound to bein therange of 6.0-
9.0whichisdlightly acidic to alkaline condition and
optimum activity wasat 7.0. Thegtability of theenzyme
was assessed at p H ranges from 3.0-12.0 and the

optimum wasfound to befrom 5.0-9.0 and shows op-
timum stability at pH 7.0. Previousliterature suggest
that there keratinase from bacteriaarefoundto bein
between 7.0-12.0 2.

Hydrolysisof varioussubstratesby keratinase

This strain could effectively hydrolyse severd
soluble and insoluble proteins (TABLE 2). The
keratinase wasableto hydrolysevarious substratesin
order Gelatin>Human epidermis> Nail>Wool> Hair>
Feather. This widens the use of keratinase from
Pseudomonas aeruginosa because of its substrate
specificity. Keratinasesare reported to have broad sub-
Sratespecificity.

Effect of metal ionsand inhibitorson activity of
keratinase

TABLE 3 showstheeffect of metal ionsand in-
hibitorsonactivity of keratinaseenzyme produced from
Pseudomonas aeruginosa gmp. Metal ions were
found toinhibit activity of keratinasein contradictory
to some reports but it should be taken note that
keratinase from gram negative bacteriaare different
from gram positive. EDTA wasfound to strongly in-
hibit theactivity of keratinasein accordance with pre-
vious works done by Sanaaet al. 2008%2. The order
wasAl¥*>Mn?>Triton X-100> SDS> Ca2*EDTA>
Mg*.

Effect of temperature activity and stability
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Figure5: Effect of temper atureactivity and stability of ker atinase.
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Effect of pH activity and stability
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Figure6: Effect of pH activity and stability on ker atinase enzyme.

TABLE 2: Substratehydrolysisby keratinase

Substrates % Relative activity
Feather 100
Hair 110
Nail 124
Gelatin 142
Wool 85
Human epidermis 108

TABLE 3: Effect of metal ionsand inhibitor son ker atatinase
activity

Compound % Residual Activity
Control 100
SDS 78
EDTA 52
Triton X-100 80
Mg® 48
ca* 74
Al 92
Mn?* 83

Application for the degradation of dyed waste
keratin

Adsorption kinetics of dyeusing chicken feathers
hasd ready been studied®. 3 hoursistherequired satu-
rationtimefor theadsorption of dyeusing chickenfesath-
ersasadsorbent. Pseudomonas aeruginosagmp could

successfully degradethedyed keratinin 12 days(Data
not shown).

CONCLUSION

Pseudomonas aer uginosa gmp (JX027506) was
isolated from poultry soil and itsefficiency of keratinase
enzyme productionwasstudied. Thecharacteristicsof
keratinase enzymewerefound to beat 70UC and 7.0.
Thetime coursefor keratinase production wasfound
to be around 6 days and it was capable to degrade
wastedyed keratinin 12 days.
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