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ABSTRACT

Two hundred thirty four fungal strains were isolditey baiting method, for their feather degradatamd keratinase
producing ability. Fungi were tested on solid malgar plates and in submerged culture. Maximum dhgarone
was made by Chrysosporium indicum (7mm) on solat ptates. The highest keratinase production wammdbin

case of Acremonium strictum (74.40Unit/mL & 124dit/ml in 8 & 12 day incubation respectively, veéhil
Chrysosporium indicum 110.10U/mL and Chrysospotitgpicum 78.64U/mL was found next to it.
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INTRODUCTION

The huge amount of poultry waste is spawned in ftdren of feathers that cannot degrade easily in neatu
Keratinophilic fungi can degrade feathers as thay produce enzyme keratinase. Keratinases aressarimetallo
proteases capable of degrading the structure fgrkenatin proteins. Most of the purified keratiragaown to date
cannot completely solubilize native keratin [1, Zheir exact nature and uniqueness for keratinboysistill a
mystery in the world for proteases. Nonethelessatkeases in the nature have been continuouslyibating to the
valorization of voluminous keratin containing wastethe form of hair, feather, dead birds and amsn{8].
Keratinase fromBacillus sp. [4], Bacillus licheniformis[2, 5], Bacillus subtilis KD-N2 [6], Burkholderig
ChryseobacteriumPseudomonasMicrobacterium sp. [7] Chryseobacteriunsp. [8], Streptomycesp. [9] and
Acremonium stricturfil0] were isolated and studied with respect tootesr parameters.

Although keratinases from dermatophytic fungi haeen well known due to their notorious pathogeamitire. The
best studied are keratinases from the dermatopggtieraMicrosporum[11] andTrichophyton[12, 13] as well as
Streptomyceq14, 15]. These enzymes have only recently gainextethnological impetus. Their growing
importance mainly contributes to the isolation efdtinase from nonpathogenic microorganism and #isiity to
degrade the tough insoluble keratin of feather @mdert it into the economically useful feather m&atrogenous
fertilizer, biodegradable films, glues, foils [167].

There are relatively only few reports on charagtgion of the keratinases from nondermatophytigi(ih8-20]. It

is now well established that the breakdown of kerét carried out by the action of extracellularzgmes

keratinases [21-22]. Biochemically keratin différsm other proteins in having a higher contentufis containing

amino acids. The disulphide bonds between theseaatids make it resistant to most proteases. Dpigl upon
the origin, the keratin is always found associatéith lipids of varied nature. These lipids, whioteke keratin
resistant to microbial degradation, are utilizechatients by keratinophilic fungi [23]. Therefotieere is need to
search for new keratinase producing nondermatoplaytil related fungi that is efficient in feathegidalation from
soil.
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MATERIALSAND METHODS

I solation of fungi
Keratinophilic fungi were isolated from differergishabitats by hair baiting method.

Screening of fungi on milk agar plates

The method of Riffel and Brandelli [7] was teeus screen on solid medium Milk agar plates 5'géptones, 3 g
L yeast extract, 100 mLtsterile UHT nonfat milk and 12 g L agar) were prepared for primary screening of
proteolytic activity. Fungi were inoculated ont@fgs and incubated for 3, 6, 9 and 12 days for 28Ct+ Fungal
strains that produced clearing zone in this medwane selected. Keratinase activity of fungus wasdaed as a
clear zone around the colony. The diameter of deae was measured to quantify activity.

Keratinase production

The fungal culture were grown on two sets of medifproduction medium out of which media (M1) contal the
following- 05g whole chicken feather; 2g glucoség(peptone; 05g yeast extract; 01HRO,. 03g KH,POy; 01g
Cach and 01g MgS@ in 1000ml [24], and media (M2) containing - 5g feath@r5g MgSO4.7kD; 0.01g
FeS04.7HO and 0.005g ZnS£¥H,0O in 1000ml pH-7.8 [25] were employed for keratmgsoduction. Each flask
was grown in 250 ml capacity Erlmeyer flask contagn50 ml of sterilized basal medium with 200 mgpoé
sterilized feather as the only source of keratinewroculated with inoculum disc 6 mm in diametbtained with a
sterile circular cutter from the periphery of aetiw growing seven days old culture on PDA. Flasktaming
medium inoculated with a disc of agar without thadus served as control. All the experiments werdopmed in
triplicates. Flasks were incubated at 28&Xor 4, 8, 12, 16, 20 days in static and shakimgditions. At the end of
growth period, the fungal mat and feather were isgpd from culture medium by filtering through glasool. The
culture filtrates were used for further analysikefatinase assay. pH change was recorded byej&stsode.

Analytical method for keratinase production

Keratinase activity was measured by the methodribest by Dozieet al, [26]. The reaction mixture containing 1
ml. of appropriately diluted enzyme, 4 ml of NaOtiffier (0.05 M, pH 10) and 20 mg of feather wereuinated at
60°C for 60 min. The reaction was terminated by addingl of 5% (w/v) trichloroacetic acid and the tsheere
incubated for 60 min at room temp. The featheriardluble residue were removed by filtration throwgass wool
and the control was prepared in a similar mararept that 1 ml of 5% Trichloroacetic acid and[3fithe buffer
were added instead of 4 ml. of the buffer usedéntest. Proteolytic products in the supernataméwetermined by
reading at 280nm against controls using UV-1700r@akizu UV-Visible spectrophotometer. An increas@.6fl in
the absorbance was considered as equivalentsriit Gfienzyme activity per mL.

RESULTSAND DISCUSSION

I solation of fungi
Two hundred thirty four nondermatophytic and redatengal strains isolated from different habitddslongs to 29
genera and 73 species were tested on solid milk pigées and in submerged culture to test theiatksase
producing ability.

Solid plate screening

About 52% of fungi exihibited growth and made ciegrzone on Skimed milk agar (Table 1). The maximum
clearing zone was made I8hrysosporium indicunG7mm), Microsporum gypseuriymm), Acremoniunstrictum
(8mm) andAcremoniumSp. (6mm). WhileMalbrancheasp. (4mm),Crysosporium tropicung4mm), Aspergillus
candidus(4mm) was found moderated (Fig.1&2, Table 1).

Friedrichet al, [25] found about 54% fungi exhibited growth dtetratin degradation by the excreted enzymes. In
the compendium of soil fungi some data indicating possible keratinolytic potential of those speaeuld be
found, thus confirming our results. SorAeremoniumspecies were reported to produce proteinase, sowl gn
hair, feather or wool, anBusarium culmorummycelial extract caused skin lesions in rabbité.tihese properties
might be connected with the keratinolytic activitf/these fungi [27]. CHAO Ya-Pengt al, [28] obtained more
than 200 microorganisms from different souro&spergillus Streptomyce®acillusandVibrio) screened.
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Fig. 1. Clearing zone by Acremonium sp. on Skimmed Milk Agar

Fig. 2. Clearing zone by Chrysosporium indicum on Skimmed Milk Agar
Fig. 3. Control flask

Fig. 4. Degradation of feather by Chrysosporium indicum

Screening of fungi submerged condition

The highest keratinase production in 8 day incamatvas Acremonium strictun{74.40Unit/ml), Microsporum
gypseum(70.18), Chrysosporium indicun{67.02Unit/ml), Chrysosporium tropicun{65.67Unit/ml), Penicillium
griseofulvum(49.62Unit/ml), Malbrancheasp. (43.56Unit/ml)Myceliophthora fergusi{42.34) andGymnoascus
intermedius(39.60Unit/ml). While gener&heatomium Eurotium Mucor, PaecilomycesPenicillium, Phoma and
Rhizopuswvere not shown any production of keratinase in srged culture condition (Table 1). Other fungi were
found moderate in production of keratinase. Twefwegi were selected on the basis of results ofdsplate
screening and preliminary screening in submergétiireu (8d), were grown in production medium for day
incubation for observation of keratinase, % wt Jdgsmass and final pH of the medium (Table £fremonium
strictum was found to produce 124.72 Unit/ml whihrysosporium indicuni10.10Unit/ml andMicrosporum
gypseuni04.60Unit/ml were next to it. Three maximum progiuof keratinase were tested on 2 production media.
Chrysosporium indicurMicrosporum gypseuyAcremonium strictumwvere incubated for of 4, 8,12, 16, 20 days
Maximum production was achieved on 12 day in meditfay all three fungi (Table 3). Maximum percent gl
loss in feather was achieved Grysosporium indicuni6.54% due to degradation (Fig.3-4). The maximbhange

in pH of the medium is induced bycremonium strictum9.4 followed by Microsporum gypseurand
Chrysosporium indicur(iTable 2).
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Table 1: Keratinase production and clearing zone on skimmed milk agar plate

Keratinase production Clearing zone (mm)

Fungi I ncubation period
U/mL (8Day) 3 6 9 12
Acremonium kiliens¢ GPCK 3725) 36.06 0 1 2 2
Acremonium recifef GPCK 3510) 45.04 0 1 2 3
Acremoniunsp. ( GPCK 3619) 55.58 2 3 5 6
Acremonium strictuniGPCK 3629) 74.40 3 5 7 8
Alternaria alternata(GPCK 3512) 29.12 1 2 2 2
Amauroascus mutat¢§&PCK 3708) 16.87 0 0 1 1
Aphanoascus fulvesce(@PCK 3700) 23.54 0 0 0 0
Aphanoascus keratinophil(GPCK 3765) 30.78 0 1 2 2
Aphanoascus terrelSPCK 3759) 41.56 2 3 3 3
Arthoroderma simi{GPCK 3724) 23.00 0 0 1 2
Aspergillus candidu§GPCK 3995 ) 37.62 2 3 4 4
Aspergillus fumigatédSPCK 3629) 14.89 0 1 1 1
Aspergillus sparsuGPCK 3645) 0.0 0 0 0 0
Aspergillus sydowi{GPCK 3737) 09.0 0 0 0 0
Aspergillus terreuGPCK 3761) 12.89 0 0 0 0
Aspergillus ustu¢§GPCK 3525) 0.0 0 0 0 0
Auxarthron conjugatuf@PCK 3732) 0.0 0 0 0 0
Cheatomium globosu@PCK 3729) 0.0 0 0 0 0
Chrysosporium indicuriGPCK 3733) 67.02 2 4 5 7
Chrysosporium keratinophilu{@PCK 3661) 34.53 0 1 2 2
Chrysosporium merdariu(@PCK 3707) 14.56 0 0 0 0
Chrysosporium pannico{@PCK 3699) 17.65 0 0 0 0
Chrysosporium queenslandic(@PCK 3731) 15.76 0 0 1 1
Chrysosporiunsp.1 0.0 0 0 0 0
Chrysosporiunsp. 2(GPCK 3530) 21.76 1 2 2 2
Chrysosporium sulphurey(@PCK 3596) 5.00 0 0 0 0
Chrysosporium tropicu(@®PCK 3527) 65.67 2 3 4 4
Chrysosporium zonatu@PCK 3588) 0.0 0 0 0 0
Ctenomyces serrat(GPCK 3524) 0.0 0 0 0 0
Curvularia geniculat GPCK 3728) 13.67 0 0 0 0
Curvularia lunat{ GPCK 3740) 32.20 0 0 0 0
Epidermophytorsp. (GPCK 3565) 35.87 1 2 3 4
Eurotium repens(GPCK 3671) 0.0 0 0 0 0
Fusarium proliferatun(GPCK 3753) 24.87 0 0 0 0
Fusarium oxysporu(@PCK 3736) 37.60 1 2 3 3
Geomyces pannory@PCK 3756) 27.29 1 2 2 2
Gymnoascus intermedi{@PCK 3528) 39.60 0 1 1 1
Gymnoascus reesgBPCK 3556) 0.00 0 0 0 0
Humicola gries¢GPCK 3758) 15.48 0 0 0 0
Malbranchea aurantiad@PCK 3551) 35.70 1 2 2 2
Malbranchea chrysosporoidé@PCK 3764) 0.00 0 0 0 0
Malbranchea flavéGPCK 3616) 17.00 0 0 0 0
Malbranchea gyps€&PCK 3629) 32.85 1 2 2 2
Malbranchea pulchell@gGPCK 3578) 36.78 0 1 2 2
Malbrancheasp. 43.56 0 2 3 4
Microsporum cani§GPCK 3755) 18.56 0 1 1 1
Microsporum cookigGPCK 3705) 12.76 0 0 0 0
Microsporum equinugGPCK 3657) 29.43 1 2 2 2
Microsporum fulvurfiGPCK 3676) 10.67 0 0 0 0
Microsporum gypseufGPCK 3730) 70.18 2 3 5 7
Microsporum nanuGPCK 3542) 0.00 0 0 0 0
Microsporum vanbreuseghef@PCK 3767) 12.67 0 1 1 1
Mucor sp. (GPCK 3506) 0.00 0 0 0 0
Myceliophthora fergus{lGPCK 3505) 42.34 0 2 3 3
Myceliophthora vellere@GPCK 3766) 34.56 0 1 1 1
Paecilomyces javanicSPCK 3663) 0.0 0 0 0 0
Paecilomyces crustace@&PCK 3620) 0.0 0 0 0 0
Paecilomyces fusispor(GPCK 3526) 0.0 0 0 0 0
Paecilomycesp. (GPCK 3637) 0.0 0 0 0 0
Penicillium chrysogenu(®PCK 3701) 09.89 0 0 1 1
Penicillium griseofulvufGPCK 3709) 38.62 0 1 2 2
Penicillium pusillu§GPCK 3540) 0.00 0 0 0 0
Phoma humicol§dGPCK 3779) 0.0 0 0 0 0
Rhizomucosp. (GPCK 3659) 09.63 0o 1 1 1
Rhizopussp. (GPCK 3688) 0.0 0 0 0 0
Trichoderma viridg GPCK 3664) 14.60 0 1 1 1
Trichophyton ajello(GPCK 3735) 23.50 0 1 2 2
Trichophyton mentagrophyt@PCK 3674) 38.79 0 1 2 3
Trichophyton oryza¢GPCK 3584) 29.21 0 0 1 1
Trichophyton rubrutGPCK 3722) 19.57 0 1 1 1
Trichophyton simi{GPCK 3537) 29.67 1 2 3 3
Trichophyton terrestréGPCK 3543) 14.76 0 0 0 0
Verticillium sp. (GPCK 3634) 12.15 0 0 0 o0
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Table2: Keratinase production by nonder matophytic keratinophilic fungi (12Days)

Fungus Keratinase production (U/mL)  FinalpH % Wtloss Biomass
Acremonium strictuniGPCK 3629) 124.72 9.2 62.50 308
Aphanoascus terre{SPCK 3759) 67.80 8.4 55.00 278
Chrysosporium indicun(GPCK 3733) 110.10 9.1 67.00 182
Chrysosporium keratinophilu{@PCK 3661) 53.67 7.9 48.00 243
Chrysosporium tropicu(@PCK 3527) 78.64 8.8 57.00 302
Fusarium oxysporuf@PCK 3736) 49.75 7.8 45.00 394
Gymnoascus intermedi{@PCK 3528) 53.35 7.9 38.00 293
Malbranchea aurantiad@PCK 3551) 46.56 7.5 35.00 283
Malbranchea pulchellgGPCK 3578) 47.67 7.6 41.50 308
Microsporum gypseufGPCK 3730) 104.60 8.9 60.50 297
Myceliophthora fergus{GPCK 3505) 53.90 7.9 35.00 538
Penicillium griseofulvufGPCK 3709) 58.65 8.0 44.00 297
Verticillium sp. (GPCK 3634) 35.23 7.2 32.00 256

Table 3: Keratinase production by fungi on selected media

Keratinase (U/mL)
Fungi Incubation time (Days) %é\g'DI;JSS
Media 4 8 12 16 20
M1 55.67 74.78 124.72 68.54 53.43 74.23
M2 46.56 56.76 80.35 57.87 43.45 65.76
M1 56.30 68.4 117.10 64.8 54.17 76.56
M2 3890 57.50 79.33 5820 43.20 61.35
. M1 7490 76.90 104.60 76.75 39.50 71.90
Microsporum gypseufGPCK 3730) 15 4040  64.95  73.94  69.62  57.60 58.78
M1& M2 are two different media

Acremonium strictuniGPCK 3629)

Chrysosporium indicurilGPCK 3733)

However, Biswa®t al, [31] screened 31 isolates of species belonginhe family Gymnoascaceae for keratinase
activity using human hair as substrate. Pissuwah Sumntornsuk [32] 52 keratinase-producing bactesiedins
isolated from soils in Thailand and screened oremisolid agar medium containing 5% feather powara
substrate at 3T. They produced keratinase in a range of 0.7-2i@dl by shaking cultivation. Eliadest al, [33]
was carried out screening on 69 fungal to deterrthie@ ability to grow at alkaline pH. A total oRJungi were
supplemented with soybean meal (SM) and tryptodeoaincow hair (CH) under solid state fermentationditions.
Although several fungal strains produced keratitiolgctivity on both SM and CH, they differed inetthevels
detected.

CONCLUSION

Screening tests on agar plates showed that ab&6to2@he fungi were unable to grow in the givenismvmental
conditions. About 28% were capable of some growthdid not make clear zone on milk agar, presumdbky to
the lack of extracellular enzymes or specific pastactivity. Only about 52% of fungi exhibited \gtb and made
clearing zone on Skimed milk agar plalde highest keratinase production in 8 day inculmatvas founded by
Acremonium strictun(74.40Unit/ml), while gener&heatomium Eurotium Mucor, PaecilomycesPenicillium,
Phoma andRhizopuswvere not shown any production of keratinase in seriged culture condition. Other fungi were
found moderate in production of keratinase. Thera ichange in the pH of medium towards alkalinftgrathe
release of cysteine, protein and keratinase byifuhdpas been proposed that the basis of keratamlis high
guantity and as a result the spent media becorkakna
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