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ABSTRACT

Environmental safety and economic feasibility determine the search for new ways of
processing waste in poultry farms. Most of this waste is down and feathers, which are 90%
B-keratin. Feathers can be a valuable source of amino acids and peptones when properly
processed. The most effective is enzymatic treatment of feather keratin. The search for new
strains producing keratinolytic enzymes seems to be a promising direction. On the territory
of the poultry farm, 4 strains were isolated from the places of accumulation of feathers.
They are able to use chicken feathers as their sole source of organic matter. Based on
morphological, genomic, and proteomic analyzes, the isolated strains were identified as
Bacillus sp. It was found that the strains secrete proteolytic enzymes that hydrolyze
collagen, casein, B-keratin and do not hydrolyze bovine serum albumin. Feather hydrolysis
experiments showed that the Bacillus sp. A5.3 possesses maximum keratinolytic activity,
and on the second day, the destruction of the second order barbs is observed. The
keratinase activity of the strain on azokeratin after an hour of incubation on feather
medium was 27.4 U/ml. The optimal conditions for the complex of secreted proteolytic
enzymes are pH 7.0-8.0 and temperature 35-40 °C. The isolated Bacillus sp. A5.3 strain is a
promising source of proteases and keratinases.
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INTRODUCTION

Environmental safety and economic feasibility determines the search for new ways of
processing waste in the poultry farms. Global consumption of poultry meat is growing every year
and the amount of poultry waste generated annually is increasing. Most of this waste is down and
feathers, which are composed of about 90% of B-keratin [1] and which can used as source of
amino acids and peptones [2,3]. B-keratin is rich in such essential amino acids as leucine, valine,
arginine, isoleucine, phenylalanine and threonine [4]. B-keratins are zigzag-like polypeptide
chains stabilized by disulfide bonds, hydrophobic interactions and hydrogen bonds, which leads
to their greater hardness in comparison with a-keratins. Keratins contain a high percentage of
hydrophobic amino acid residues, are insoluble in water and are highly resistant to proteases [5].
For enzymatic hydrolysis of keratin keratinases capable of cleaving disulfide bonds are used.
Keratinases (EC 3.4.99.11) are serine- or metalloproteases [6] and a large number of
microorganisms have been reported to produce keratinases [7], including fungi [8,9] and
actinomycetes [10]. At the same time, it is known that bacteria of the genus Bacillus have
proteolytic activity against various protein substrates [11], including a- and B-keratins [12,13].
The aim of the study was to isolate bacteria of the genus Bacillus with keratinolytic activity with
the prospect to obtain the keratinase-producing strain.
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Materials and methods

Bacteria isolation and strain identification. The soil with rotten feathers were collected
from a local poultry plant. 1 g of the sample with 9 mL 0.9% NaCl were shaken for 30 min, and
100 pl of the suspension was plated on skim-milk agar plates (2% skim-milk powder, 0.1%
NaCl, 1% tryptone, 1% agar), followed by cultivation at 37°C for 48 h. Well-grown single
colonies were isolated and tested on feather agar plate (0.07% KH,PO,, 0.14% Na,HPO,, 0.5%
feather powder, 1.5% agar). Grown colonies were isolated and identified.

Three methods were used for identification: morphological studies of colonies, analysis of
ribosomal protein profile on MALDI-TOF Biotyper, sequence of fragment 16S rRNA.

Collagenase assay. Collagenase activity was tested on gelatin agar using trichloroacetic
acid (TCA). Gelatin agar plates (3% gelatin, 1% peptone, 1% NaCl, 1.5% agar) identify
hydrolysis by change in the opacity around the colony. Isolates were plated on gelatin agar and
incubated for 24 h. After incubation TCA was added to the plate and observations were made
immediately for a period of at least 4 min

Feather degradation. Single colony was grown on Luria-Bertani medium (1% peptone,
0.3% yeast extract, 0.5% NaCl, pH 7.2) for 16 h at 37°C and 150 rpm. The feathers were washed
by detergents and dried. The minimal salt medium (0.7 g/L KH,PQOy,, 1.4 g/L Na;HPO,, pH 11.0)
with feather powder (5 g/L) was prepared and the feather with the medium together were
autoclaved. The grown bacterial culture was inoculate to medium with feather and incubated for
168 h at 37°C and 150 rpm. The feather medium without adding of bacterial culture was used as
the negative control.

Assay of keratinase activity. The azokeratin was prepared accordingly the protocol for
azoalbumin preparation [14]. The feather powder was treatment with 10% NaHCO3, sulfanilic
acid, 0.2 N NaOH, NaNO3 and 5 M HCI. After neutralization with 5 N NaOH solution incubated
at 50°C and filtered. The pellet was washed with 50 mM potassium phosphate buffer (pH 7.5)
and lyophilized at -90°C. The strain cells were inoculated into feather medium and grow for 168
h at 37°C. The supernatant was clarified by centrifugation (10,000xg, 4°C, 10 min) and filtered
throw 0.45 um and used as the sample for keratinase assay and protein hydrolysis. For keratinase
assay 5 pg in 800uL 50 mM potassium phosphate buffer (pH 7.5) and 200uL of sample were
mixed and incubated at 50°C for 1 h. The reaction was stopped by adding 10% TCA. Absorption
was measured at 450 nm. TCA was added to the control sample prior to incubation.

Protein hydrolysis. The bovine serum albumin (BSA) and casein sodium salt (CSS) were
dissolved in 50 mM potassium phosphate buffer (pH 7.5) and incubated at 37°C with the sample
for 2 h. The reaction was stopped by adding 10% TCA. TCA was added to the control sample
prior to incubation. The hydrolysis products were separated in SDS-PAGE by Laemmli method
[15].

RESULTS AND DISCUSSION

Four bacterial strains were isolated from the places of rotten feathers accumulation on the
poultry farm territory (30 km from the city of Nur-Sultan): A5.3; A5.5; A7.1; A11.2. The strains
have capable of growing on salt medium with feather as the only organic substances source. On
nutrient agar, the colonies were 0.5 mm in diameter, beige, and with wave edges after 24 h. Cells
are gram-positive, oval, mobile, form spores. MALDI-TOF MS-based identification suggests
that they belong to genus Bacillus. By sequencing and comparing the nucleotide sequence of 16S
rRNA gene with GenBank data, the strains also were identified as bacteria of the genus Bacillus.

The strains grow on gelatin plate that evidence about its collagenase activity (Figure 1).
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Fig. 1. Bacillus sp. A5.3 A5.5; A7.1; A11.2 on gelatin agar
Incubation of feathers with a culture of four strains showed that the A5.3 strain has a
higher Kkeratinolytic activity than other strains (Fig. 2). Degradation of feather barbules was
apparent from 48 h of incubation onwards and the degradation of barbs was observed after the
third day. The degradation of barbs was continued during all incubation and resulted to the
complete exposure of the shaft. The medium becomes milky.
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Fig.2. Feather degradation by Bacillus sp. A5.3 A5.5; A7.1; A11.2 after 168 h.

Keratinase activity was measured on azokeratin. Bacillus sp. A5.3 supernatant presented
the highest keratinase activity with 27.4 U/mL. Optimal condition was pH 7.0-8.0 and
temperature 30-40°C. Incubation of the supernatant of Bacillus sp. A5.3 with casein sodium salt
and bovine serum albumin showed that the supernatant enzymes hydrolyze CSS within 30 min
and do not degrade BSA.

CONCLUSION

Four bacterial strains were isolated from soil samples collected from the poultry farm. All
of them could grow in a feather medium and exhibit protease and keratinase activity. The
isolates were identified as bacteria of the genus Bacillus by genomic and proteomic analysis. All
strains showed good activity in feather hydrolysis. The highest activity was noted in the Bacillus
sp. A5.3, which indicates its high producing ability of keratinolytic enzymes. After 7 days of
growth on a minimal salt medium, the keratinase activity of the Bacillus sp. A5.3 was
27.4 U/mL. Thus, the resulting strain is promising for use in biotechnology as a keratinase
producer for processing feather waste.
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TYUIH

IKOJOTHSIBIK, Kayincizgik  xoHe KOHOMHUKAJBIK MAaKCaTTbLIbIK KYC
¢dadpukagapeInIa KaJAbIKTaApaAbl KaiiTa eHJeYydiH ’KaHa Taciaaepin i3gectipyai Tanan
ereai. by KanabIKTapAablH Kem 0eJiiri —MaMbIKTap MeH KaybIpcbhiHAap, ojaap 90% p-
KepaTuHAi Kypaiiabl. KaybIpchbIHABI KePpaTHH AYPHIC OHJAEJITeHe, 0J1 AMUHKbIIIKbLJIIAPbI
MeH MNeNTOHAAPAbIH KYHIbI Ke3i 0oja anaabl. EH Tmimaici - KaybIpcbhblH KepaTHUHIH
¢depMeHTAaTUBTI OHAEY. KePAaTHHOJIUTHKAJLIK (¢epMeHTTEp IObIFAPATBHIH  JKaHa
TaMMAAPAbI  i31ecTipy mnepcneKTHBAJABbI OarbIT 0O0Jbin Kepinedi. Kyc dadpukacsl
ayMarblHJAAa KaybIPCBIHAAp JKHHAJATBIH  JKepjiepleH TayblK KaybIPChIHIAPbIH
OPraHUKAJIBIK 3aTTApPAbIH JKAJFbI3 KO3i peTiHae KOJJaHa ajJaThiH 4 IITAMM OKIIAYJIAH/bI.
MopdoaorusiiblK, TeHOMIBIK :KoHe MNMPOTEeOMIBbIK TaJjiaayJjap Heridinge oxmiayJaHraH
mramaap Bacillus sp. peringe anpikTaaael. llITamaap ko/iarenai, kasemuai, f-keparunai
THAPOJU3ACHTIH TPOTEOJUTHKAJIBLIK (epMeHTTep O060JIeTiHi KoHe OYKAHBIH CapbICy
AIbOYMHUHIH THAPOJH3AEH aJaThIHABIFBI AHBIKTAJAbI. KaybIPChIH T'HMAPOJIN3i 00libIHIIA
ToxkipuOenep kopcerkenaeit, Bacillus sp. a5.3 Makcumaaabl KepaTHHOIHTHKAJBIK
OesiceHailiKKe Me, a1 eKiHIII KYHIi KYPbUIBICHI OYy3bLIybl OaiiKajaaabl. A30KepaTUH
IITAMMBIHBIH KepaTHHAa3a 0eJICeHALIIri KaybIpChIHAbI OPTaaa 0ip caraT HHKyOanusaIayaaH
Keiin 27,4 Oipaik/ma kypaabl. BejliHeTiH NMPOTEOUTHKANBIK (PepMEHTTEpP KelleHiHiH
OHTaiIbI maprTapel — pH 7.0-8.0 :koHe Temmepatypa 35-40 °C. Bacillus sp.a5.3
OKIIAYJAHFAH LITAMBbI - IPOTEA3aJIap MeH KepaTHHAa3a1ap/bIH NepPCHeKTHBAJIbI KO3i.

Herisri ce3ep: KaybIpchIH, KepaTHH, MpoTeasa, kepaTuHasa, Bacillus sp.
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ABCTPAKT
JKoornyecKkasi 6e30MacHOCTh W IKOHOMHYECKAS 11eJIeCO00PA3HOCTh OMpeaeIsiioT

MOMCK HOBBIX CNOCO00B nepepadoTku oTX040B B nrunedadpukax. boasmas yacts 3THX
OTXO/10B - 3TO IyX U Nepbs, koropbie HA 90% cocTosT M3 B-keparuna. Ilpn npaBuIbHOI
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00paboTKe mNepbeBOl KepPATHH MOKeT ObITh HEHHbIM HCTOYHMKOM aMHHOKHCJIOT W
nentonoB. Haubonee 3¢ppexTBHBIM siBisieTca epMeHTATHBHAsE 00pa0oTKa NMepPbeBOro
kepaTuHa. [lorck HOBBIX IITAMMOB, MPOAYUHMPYIOIIUX KePATHHOIUTHYECKHE (PePMEHTHI
npeacTaBjisieTcsl MNMePCNeKTHHBIM HampaBjenneMmM. W3 mMecT cKoIuleHMsl TepbeB Ha
TeppuTOopun nTHHEe(AOPUKH ObLIO BbIAEJEHO 4 TAMMa, CIOCOOHBIX MCIOJb30BATH
KYpHHbIe Tepbsi B KayecTBe €JIMHCTBEHHOr0 HMCTOYHHUKA OpraHuveckux BemectB. Ha
OCHOBAHMHM MOP(OJIOrNYeCKOro, TeHOMHOI0 W NPOTEOMHOr0 AHAJIU30B BblIeJeHHbIE
mTaMMbl ObLIH  HaeHTH(QUIUpoBaHb Kak Bacillus sp. YcranoBieHo, 4To mTamMMbl
CeKPeTHPYHT NpOTeoJuTHYecKHe (epMeHThl, TMAPOIH3YIOIIHE KOJLJIATEeH, Ka3ewH, [3-
KEePaTHH U He THAPOJu3ylouiue ObIYMii CHIBOPOTOYHBIH AJbLOYMHH. JKCHEPUMEHTHI IO
THAPOJN3Y TNepbeB moka3aau, 4ro mramm Bacillus sp. A5.3 ob6aamaer mMakcuMabHOI
KEPAaTHHOJIUTHYECKOH AKTUBHOCTBHIO U YK€ Ha BTOPbIe CYTKH HAa0/II0aeTCsl pa3pylieHue
0opoaok BTOpPOro nopsiaka. KeparunazHass akTMBHOCTh IITAMMA HA a30KepaTHHE IOCJIe
yacoBoil HHKYO0AuMM Ha mnepbeBoil cpexe cocraBuiaa 27,4 ea/mia. OnruMaiabHBIMH
YCJIOBUSIMH JIJIsl KOMILJIEKCA CEeKPeTHPYeMbIX MPOTEOJIUTHYECKUX (pepMEHTOB cOCTaBJsieT
pH 7,0-8,0 m Temmneparypa 35-40°C. Bobimesennbrii mramm Bacillus sp.A5.3 sBasiercs
NepPCneKTHBHBIM HCTOYHNUKOM MPOTEa3 U KepaTHuHa3.
KiroueBble cjioBa: mepo, KepaTuH, mpoTeasa, KepatuHasa, Bacillus sp.



