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Abstract

We isolated and characterized novel duck feather-degrading bacteria producing keratinase. Twelve strains were isolated
from soil and faces at poultry farm, and decayed feathers. They were identified as Bacillus methylotrophicus, Pseudomonas
geniculata, Pseudomonas hibiscicola, Exiquobacterium profundum, Bacillus pumilus, Bacillus amyloliquefaciens,
Chryseobacterium indologenes, Bacillus thuringiensis, Thermomonas koreensis, respectively, by phenotypic characters and
16S rRNA gene analysis. Generally, the level of keratinase production was not proportional to feather degradation rate. The
highest keratinolytic activity was observed in the culture inoculated with Chryseobacterium indologenes D27. Although all
strains did not degrade human hair, strains tested effectively degraded chicken feather(53.8-91.4%), wool(40.4-93.0%) and
human nail (51.0-82.9%). These results suggest that strains isolated could be not only used to improve the nutritional value
of recalcitrant feather waste but also is a potential candidate for biotechnological processes of keratin hydrolysis.
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sl 219l AleollA] B8A4J0]T, protease 5
w44 Bl tjsle] Aake 71k Onifade %,
1998). wetd] Aetele] Hej th ofele BAol
=
ARl 5 7hae] S gl gl 7]
o B 58 QJorelargel Blol thato] 3
ol, A4 A #7]E, 5] -1 #H7ES
7+E A &, NaOHe| &fsto] sleh oz FajAlX]
211 Hl(feather meal) 2] FE| 2 LXK 7|9 AlR 5O
2 o]gskal glrt. Lt Al H7]=9] Eelkst
H A2l v 9 o3 o elsjol §79o]
e, 71 A 2H]E E3F ol v A A o] AL, AR
ofulictto] shalel grgo] gz Ao ekeiA 9
tH(Papadoulos 5, 1986). wala] Ho} 373215} 0]
L, BAARl -1 Aels o] Baghkes o 4= qlem,
T oRko.R b 2 5 W Sl Aol vk Azt
g EofnEs ol-8sh= Zlolth(Papadoulos <,
1986).

Aske Bajplgge gxdon ule FuEst
714S Bk 4= Q& keratinase E= keratinolytic
proteaseeh= T2 AJARSH 4 Q= 102 HIEo]
ItHRao 5, 1998). <L n|AYE-5-2) keratinase+—= 2l
axH| &, 3PgE 9 AR BEY N ol &8 7
0] BRI 9lom, 9§ 174l prion
Al 5 Q= A 7Rsde] 2 Ao R A
tHLangeveld &, 2003; Onifade 5, 1998). w}ehA
keratinase &4Jo] =2 njAEe] Hal wl 1 EXA 7
we Azl wyjme] RS Aelmat ozt o
Wt §E= 582 flolA = vkeA] Fagh ket
o ki), vlse] 98 my, ofn] 20 He]
S ARtES ngESH o= Fefigh &, 11 Eaiat
22 ofuliett FHAOR Aelsha & Qi A
2 A o] Jide] A4-E Skl UrkLin 5,
1992). A|57HA] 3% Altd Esfiol et A=
AR, R 5 SRS Bae 4 ol vlE] 4
ZFEo] =t BE A, WAt o 5ol Ha
o] QltiLangeveld 5, 2003). & =59 XAR}E=
S 90E Rae 4 gl 4] 2o W He) 27
700l ohet A2 et 5} ekeong %, 2010:
ParkT} Son, 2009; Son 5, 2004).
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A d9Y ef s H TR B,
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Abo] mah 277 55 AR = YFereleh 24 AR 1
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Fig. 1. Photograph showing proteolysis of strain C10 on
skim milk agar plate.
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Table 1. Feather degradation of isolated strain in feather medium

g% - HE - &5

Feather degradation(%)

Feather degradation(%)

Strain N medium NN medium souree Strain N medium NN medium Source
H1 67.5 67.7 D1 11.9 26.7
H2 73.7 58.2 D2 38.9 55.8
H3 55.2 61.1 D3 443 31.2
H4 49.7 48.0 D4 452 51.3
H5 78.7 41.9 D5 38.7 41.9
Ho6 75.0 71.9 D6 31.0 47.5
H7 91.5 62.0 Human D7 17.8 394
H8 74.5 74.3 hair D8 30.3 15.0
H9 63.5 71.9 D9 49.5 51.3
H10 18.7 64.8 D10 17.2 21.3
H11 34.5 58.4 D11 40.4 79.3
H12 67.0 77.8 D12 56.3 57.6
H13 77.6 25.5 D13 40.9 83.8
H14 0.0 14.4 D14 33.3 67.0
Cl 24.6 22.1 D15 49.0 41.5
C2 25.5 242 D16 6.0 17.7
C3 13.7 25.1 D17 1.5 4.5
C4 25.1 25.6 DI8 249 17.8
C5 13.3 16.3 D19 24.9 20.0
c6 14.5 15.8 D20 438 36.4 Decayed
feather
C7 16.5 14.4 D21 36.3 13.5
C8 17.1 16.4 D22 55.2 46.3
C9 53.3 78.0 D23 59.7 44.5
C10 61.4 73.9 D24 51.3 448
Cl1 374 46.5 D25 28.3 442
CI12 45.0 452 Poultry D26 47.8 50.3
Cl13 343 37.8 faces and D27 80.2 62.1
Cl4 29.1 48.0 soil D28 49.0 51.0
C15 15.0 11.4 D29 67.5 65.0
Cl6 29.7 60.9 D30 16.3 12.9
C17 18.9 22.3 D31 16.5 36.6
C18 21.3 12.0 D32 32.0 553
C19 394 56.9 D33 32.8 35.5
C20 4.5 46.2 D34 33.2 36.6
C21 2.5 12.0 D35 239 33.7
C22 58.2 72.6 D36 53.7 54.7
C23 10.0 9.1 D37 49.0 59.1
C24 9.1 16.7 D38 72.1 71.6
C25 59 9.0 D39 26.6 14.9
PRCEENES B me U, FUE A2 5 e g 54
AF 70| FEsrA, HjoFa] EA4- Table 2074 LR A
H=upel gy AddE52 7ht Be e 8 A5 Ko AgshA 5457 flste] 16S
= 7H3oH, C10, Cl16, D27, H10 9 H13 5= rRNA 479 g7 gL E435}0] NCBI GenBank
T3, U A o2 T Aol Sl of 5% 7} FEt5et vt 23, C9 =
St nutrient HTHH|A] Ao A H5Rof what A= Alo] Bacillus methylotrophicus?} 98%, C10 & H10 +5
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Table 2. Taxonomical characteristics of isolated strain
Morphological character Cultural character
Strai
ram Shape Sg;sir;lg Motility Form Elevation Margin Viscosity Swarming Opacity Color
Cc9 Bacilli + + Filamentous Flat Filamentous - + Opaque White
C10  Bacilli - - Circular Raised Entire + - Translucent Yellow
Cl6 CocF:ol— - + Circular Convex Entire + - Translucent Yellow
bacilli
C20 (lizz;:l(l)i_ + + Circular Umbonate Entire - - Translucent Yellow
D13  Bacilli + + Punctiform  Umbonate Undulate - - Translucent  White
D14  Bacilli + - Circular Pulvinate Entire + + Opaque White
D27 COC?O._ - - Circular Raised Entire + - Translucent Yellow
bacilli
D38  Bacilli + + Circular Flat Lobate - _ Opaque White
H7 COC.CO.- + + Circular Conves Lobate - + Opaque White
bacilli
HS8 Bacilli + + Circular Flat Lobate - - Opaque White
H10  Bacilli - - Circular Convex Entire - - Opaque  Yellow
HI13 COCFO._ - - Circular Convex Entire - - Translucent Brown
bacilli

= Pseudomonas geniculata®} 98% 2 97%, C16 +
ZF= Pseudomonas hibiscicola?} 97%, C20 5=
Exiquobacterium profundum®} 99%, D13 w5+
Bacillus  pumilus®} 98%, D14 5= Bacillus
amyloliquefaciens2}97%, D27 w5= Chryseobacterium
indologenes 2} 99%, D38, H7 U H8 =
thuringiensis?} 97%, 99% % 98%, HI3 5+
Thermomonas koreensis2t 99%2] A=A Ve
o} gt 165 IRNA §87k0] Lol 2Ask0] 7]

FE3te] BAAEH GBS sl sfot

= Bacillus

Pseudemonas hibiscicola strain ATCC 19867T AB0214C5
Stenatrophomonas maltophilia strain: 1AM 12423 AB294553
Pseudomonas geniculata strain ATCC 19374T AB021404
cio
Thermomonas fusca type strain LMG 21737T AJS19966
Thermomonas brevis type strain LMG 21746T AJ519389
Thermomonas kereensis strain Ko06 DQ154906
HI3

i Chryseobacterium jejuense strain J317-6 EF59130%

shigense AB193101
Chryseobacterium wiystaatense type strain R-235667 AJB71397
Chryseobacteiiur ureilyticurn type strain F-Fus-DdlliaaaaT AM232606
Chryseobacterium gleum strain CCUG 14555 AM232812
Chryseabacterium indologenes strain LVG 8337 AM232813
027

OZ] Z]]E._/'K_E 2(_11'*‘]5]- 7:1‘1_,]— 7]' /‘\-:,]_?‘7:4' —|—- *]'7] Oﬂ/\_] Eacillus methylo:rophicus EU194897
B _ o _ =]
e 2 Ed S AT AT A5l 2 e e
?_j]'%—% OE 5"\— %E}(Flg 2) B‘C‘ZH —,*E."‘ —r—OHB]' = :::‘\’:::::Iy‘::::‘z:iizs‘»fmﬁsm
D
Q= NlHFO.2 Bacillus <5, £3| B. licheniformis, B. :

pumilus, B. subtilis7} HAEZ 02 A3LE]11 gJon,
1 9| Chryseobacterium indologenes, Vibrio sp.,
Microbacterium sp., Lysobacter sp. 5] E1L%] o] Q]
THBrandelli, 2008). &-&2& E3& 4~ Y= B
methylotrophicus, B. amyloliquefaciens, B. thuringiensis,
Pseudomonas geniculata, P. hibiscicola, Exiquobacterium
profundum, Thermomonas koreensis2] £2]of st
B R i Ro] HERA, AL B4 F 1 K
Rlgto] oS- cherahe KAk,

Batillus safersis strain FO.036b AF234854
4i Bacillus pumius strain ATCC 7061 AYE76289
D13

Bacillus pseudomycoides AFD13121
Bacillus anthracis strain ATCC 14578 AB190217

Bacillus cereus ATCC 14579 AED16877
H7
Bacillus thuringiensis strain: 1AM 12077 D16281
H8
D38
r Exiguobacterium aestuari strain TF-16 AY594264

002

marinum strain TF-80 AY594266
L[Ex\guuhidanum prefundum strain 10C AYB18350
€20

Fig. 2. Phylogenetic tree based on 16S rRNA gene sequences
showing the positions of isolated strains and type

strains.
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3.3, MEAZO| keratinase &AM
HOFAI 7t ATte] e 1 B3 a4-¢] keratinase
9] EJE A flate] S Eafjoll & o|lH
Z} v Al of| AEFFE HEote] wieFetd o, 12
IH= Fig. 30f|A4] Hi= vfe} 2tk C20, D14, D27 o+

= Y 1Y F, €9, Cl0, Cl16 o= HieF 2¢ 7,
D13, H8, H13 5= vjjoF 3 74, D38, H7, H10 «
T ik 4 A 7P 2 keratinase E/dS LERY
oAtk Xt keratinase €/d YERH &, Zubdo g
AL o sk A HojRglth AF
5= =, Chryseobacterium indologenes D27 +-5-2]
keratinase E4do] 7P =4O, Exiquobacterium
profundum C20 w522] &XJo| 714 Wttt o]2sk
A= oo et keratinase AJAF A]7]7F A= oh 2
), AW 07 L5 o] HAof| ubA| et 5
A 4= Q135 ouigich & A Aol o5k,
Q11 0] B8l keratinase AJAIEFS HIEA] B3}k
A= okl 28 S5 5843 7o, E3k 7t
Aol ARE-E $-5o] Fefjof whe} keratinase2} 7|2
7re] FFo] YAl dojubA] o &x] o] &

o] ISk Ao 4% K Son 5, 2004). 71
11 keratinase 2] AJAFFo] oz 510 &1
&) 4] 92 °]+= keratinase @} T $-HLA|
g5 afdor Fofsh=tl Zagt accessory
protein®] AAE AL 21 A4to] AAIE Aol 7]l
Q= Har7) QleK(Singh, 2002). wepA] 3 o]
ot Ho 27F4 Q1 A7 B aths oF 4 lSich
QHH, 7+ ufR|of| 4] Z|of keratinase 2Hd-& LERH
Al o] A RS, protein 5=, pH+= Table 30| 4]
w vigl g AuHoR 24 ARo] Eors
keratinase 242 =3F O L} soluble protein2] Fr=
keratinase E/J1} HIEA] YX|eh= A2 o Tk
Soluble protein®] FEr+ 27t E3fE 13- LiEF
Y= 7HEAQ1 X2 o] & ¥t Onifade 5, 1998).
Jeu oF ARollA A E Q)] keratinase YA
39w B YeiekA AXSHA sk, Ao
2 o1 B3)9] =79l soluble protein F &= GA] H]|=
3 ATE el 202 wieker). Sk Wle ., o)
A0 pH1E 727.59) ofelzrel g i glel ISick. S
7h 7V vfR|of] -5 FSAltS vl Eoll whet v

Mr 4 oX

i

=

Table 3. Cell growth, soluble protein and pH in culture of isolated strain

. Growth Protein . . Growth Protein .

Strain (Aeso) (ug/ml) Final pH Strain (Ae) (ug/ml) Final pH
C9 0.085 6.7 7.2 D27 0.180 4.1 7.5
C10 0.102 3.8 7.3 D38 0.167 5.1 7.4
Cl16 0.061 4.0 7.3 H7 0.255 5.9 7.5
C20 0.047 2.4 72 H8 0.159 59 7.4
D13 0.057 4.4 72 H10 0.080 4.1 7.4
D14 0.093 4.9 7.2 H13 0.057 5.4 7.4
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A19] pH7} dZbe]d o= HstE = 22 -1 7]
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U= E0hE 2] #Fo|th(Kaul 2} Sumbali, 1999).
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Fig. 4. Degradation of wool, chicken feather and human nail
by isolated strain.
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o 4] 1= vlo} ek, ARRFEE Ahe] mure A
oJgt mE Aekel 7182 Bae 5 Uik Aol =
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o] Zfalofi fedoks Hall olFolAlA] eagkeh
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S 51.0-82.9% 9] &2 YEh T e
& A0 oG5 = o5 Ao A|uk ] A
Ol dob7] bzl 71578 FoAsh717t oL, AlEt
o AlRt=H, 50| F4H= 52 Dol itk ol
3 e FRap] Sato] sk Azle At
% Rt o] MBI R E 2 &
A& Z 2tk Kang 5, 2006). wbA] 2| keratinase
£ Aefstol Y= Y, 07 AA R Reeke 5%
o g sEshuA sk vt WE ik
(Infante 5, 2010). weta] AsHdFE0] AWAE=
keratinase+= 714 $-5 A28t ofu] 2} FrL o] =2
A, 2urEd) 7he x4;<1_4 ZHo] W ul 2o %
Zofi= o] 7Hs Aol == e R —LPE‘rQE} F1g 5=
oF Hajlgo] 7Y =9kt C9 #5220 of . B
& noji Ao, ujef 78] 3 wAlo] 271
w7} 719 BaE| 9SS o 4 Atk

Fig. 5. Photograph showing wool degradation by C9 strain
after O(left) and 7 days(right).
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Bacillus methylotrophicus,

Exiquobacterium profundum, Bacillus pumilus, Bacillus
amyloliquefaciens, Chryseobacterium indologenes,
Bacillus thuringiensis, Thermomonas koreensis = &
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