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Thirty-one chicken feather-degrading bacteria were isolated from wasted feather, compost and wastewater
in a chicken farm. These isolates were categorized as Firmicutes (21 strains), y-proteobacteria (4
strains), Actinobacteria (4 strains), and Bacteroidetes (2 strains) by 16S rRNA gene sequence analysis.
We examined the feather-degrading isolates for degradation in the 2% of chicken feather meal. The
strain Chryseobacterium sp. FBF-7, Stenotrophomonas maltophilia FBS-4, and Lysinibacillus sp. FBW-3
were selected as a keratinolytic protein degrading bacteria which showed the highest feather
degradation of 75-90%. The characteristics of amino acids extracted from chicken feather meal by
using keratinolytic protein degrading isolates and chemical method with Ca(OH), were analyzed. Total
amino acid content of strain Chryseobacterium sp. FBF-7 was 1,661.6 pmol/ml, which was the highest
and it was similar with chemical method. And essential amino acid content of total amino acid was
thirty-seven percent (619.3 pmol/ml) and 596.9 pmol/ml for keratinolytic protein degrading isolates and
chemical method, respectively. The major amino acids were valine, glutamic acid, aspartic acid,
glycine, and proline by the strain Chryseobacterium sp. FBF-7 and especially, higher contents of
aspartic acid, threonine, serine, cysteine, and tyrosine were detected compared with chemical method.
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TUellA ARFERL Qe thEE] JlaRe 5 Aue o gRglo] B2A] ¥ FA F FHANZ ARSI T Aol
58,0005 mlg] A&rt EAEC] 7HE A EI o, A v XEEo] ko), A7 Al B mjdo] WAiEkar migo
el Tl B $H(chicken feather)t ¥ A= Z Qg ExF 399 8 8131 F E ¢TA LTh18).

9] 5-7% € AFAJSte] AZF 5T B o)do] FLEEA ALkEn HZ FE dUeREol s A el gy
ATK(11, 26). FEE HIFESIA B=A2] He7|eS ok 97 do] GEAIEA HIZER HiEHY $REE FEE(feather
oy, &5, Wy, 4%, Ty, B, Y 53 22 meal) FEIZ 712351 71E 2 o] ALz So7 o]43lm 9]
ATk (keratin)S A4 72 GAG5, 92 fhelixS FA th10). E=3h e ghapo] oF 85%2 $RE VIR, 7HE

ke Seol= 2939 Ake W e a2 3 o|gshad s =3 At 4k ] Aol 9§ sk Eee
S O Age= o]Folx 3071l pepsin, trypsin, papain ol-gsto] opn|iAhS FEeto] Sl tk(12). & - 38t
53 2 YA prowease2E AS] oA @w B A Ae] o ohvest FEE R T AS 2 ok
SEHOR e YT RN 02 GoA A6 U WSl BA0YE HUSE Aol ol o, o
30). ollgh el At wEo] g€l 5 =3] H|go] o} Aol B3 I ofEt TelEEl vigk 45ks
E 50% olst= - Axgt Aoz AR Uk2, 21). <<}
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vinyl bagol] Ho] Agdg 1sle] 4°Col| HES 3 244]7F
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HH 2FHHX|

AT AFEZFE AlFES ZEle] flst] NA BehlA]
(1.0% bacto beef extract, 1.0% bacto peptone, 0.5% NaCl,
1.2% agar, pH 7.5£0.2)& AREslth @iz Aol A
HE fleted 7]12814(0.03% K,HPO,, 0.03% KH,PO,, 0.01%
Na,COs, 1.5% agar, pH 7.5+0.2)°l 1.0% skim milkE Z7}3+
HHAE of§atd A Falls-s ST = &3l
T AEE st F7I9ulA(0.05% NH4Cl, 0.05% NaCl,
0.03% K;HPO., 0.03% KH:PO,, 0.01% MgCl,6H:O, 0.01%
yeast extract, pH 7.5£0.2)°l A2t ©d % E(chicken
feather meal) 2.0% A713F WiXS ARE-SFATH2Y).
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A 2+ AEEFYH £ Beld dFEF 1.0% skim milk
agar plate®l] HE3te] 28°C, 2€7t HjFS 3 10 mm o)<
2 FH3e Ak oFE 9d B3] 5% 7=
A3k 12 Eel3HAE Protease B4 =4S 913l wix]ol
A 397F vikE S 4°C, 8,000 rpmollA 20% Ft
AR & 3|55 Jedes AR F ARSSINTE E4
9] & 4L caseing 7|AZ o]&3e WS AMESIGE
Z82% 0.5 mlE 2.5 ml9 0.6% casein AE(50 mM Tris-
HCI buffer, pH 7.0)0 F7}8ted 37°CollA 2083 ¥EgAIZ)
3, 2.5 ml9] 50% trichloroacetic acid (TCA) AsiAIE 7}
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213} folin reagentZ 0.5 ml H7}3ke] A-20x 3087+ WA
71 3 660 nmolA] EF=(UVICON Spectrophotometer 930,
Kontron Instruments, USA)S =43} th 4 T tyrosine
EFERE o838ty 712 ZslolA 183 71AZHE] 1 pg
9] tyrosineS frE]dhe B4 TS 1 unit= 3} protease
activity S YERATE o]E T A RaAdEE 2.0% =m0l
A7k F214 wiAel 242 HE8te] 25°C, 150 rpm O E 3Y
7t AR wjgsiEaA vk 24417 mith wijkdlE 7R
(whattman filter paper No.2, 90 mm @)Z AE T SHFE 4
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oven Mov-212, SANYO, Japan)ollA 8AIZF AZAZ & Z1E
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3’) primerE AFE-3}TE PCR-S initial denaturation 94°C, 5
min; denaturation 94°C, 30 sec; annealing 53- 56°C, 30 sec;
extention 72°C, 1 ming] 272 F 35 cycles AAISH ¥, final
extentions 72°Co|A| 787F fAl8t] S F23I9Hh

16S rRNA®] PCR FZ4HE2 1% agarose gel, 0.5 TAE
buffer (0.045 M Tris-borate, 0.001 M EDTA)°lA 100 V,
25 mAZE 30% 59 A7195(Mupid-21, Gel documentation
system, Bio-Rad, USA)3F &, ethidtum bromide (EtBr)Z 15%
Zb @AEle] UuvelelM FF oiRE 31k, QIAquick”
PCR Purification kit (QIAGEN Inc.)Z ©|&3}d AA|stth
AE PCR SZF4HE9] 16S tRNA 97144 ZFell= ABI
PRISM BigDye Terminator Cycle Sequencing Ready Reaction
kit (Applied Biosystems)Z ©]-83} cycle sequencingS 5-3)
3k & ABI PRISM 310 Genetic Analyser (Applied Bio-
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Table 1. Collection of chicken feather-degrading bacteria from
chicken feather, compost and wastewater

Total No. of skim milk

No. of feather

Samples isolates degrading bacteria degrading bacteria
Chicken feather 92 37 10
Chicken compost 70 43 20
Wastewater 21 8 1

Total 183 88 31

16S IRNA @7|MEs Z2Hst] A 545 HES
¥, Firmicutes A5l &3k o5< 219052 349 &
S5 BIMT] 68%E A5} H, y-proteobacteria Al

ol &3l= TFE 475, Actinobacteria AlSTol] £3= o
F= 475 2183 Bacteroidetes AlEToll= 20F7) E21E
ity E3], Firmicutes AlEwol| &3l= @5 = Bacillus
amyloliquefaciens W7} 1802 8-S o|F3loH, 1 9
ol Bacillus subtilis, Lysinibacillus sp.”7} <3}t y-Proteo-
AlEtoll=
phomonas maltophilia7} %

1‘
M of

bacteria Enterobacter  aerogenes, Stenotro-
51992 ™, Actinobacteria Al 5ol
= Phycibacter jejuensis, Brevibacterium luteolum, Micrococcus
Iylae7} 43} 18]l Bacteroidetes Aol Chryseo-
bacterium %9l &3l= T57} BAQ1E o] AlFstEo g gkt
S ol WAR H4HE ol HAlsie Ao we
AckFig. 1).

A|S7FA] H 1% keratinolytic protease = keratinase S
ArEl RE Bijjsle M OZF Bacillus 9| &3l=
B. pumilis, B. cereus, B. licheniformis, B. subtilis “1¥]1l
B. megaterium S°| 7FF Bo] HIFoH, o] =
Pseudomonas sp, Vibrio sp., Chryseobacterium sp. 12|31l
Flavobacterium 5°] 2] H=ATKS, 14, 23, 25, 28, 30,
31, 32).

St 2@ B3 P4EF My
AR Bk 92 Yol 3 B S pols 2

E3 Ay}, FBS-4 79 Eal&& 90%, FBW-3 #F& 85%
83l FBE-7 #F+< 75% 9] £& eSS yehlie] 9

—ri HE stk o] H7rE TR wellA O]
E 5 1) ASSS AR A9, 2.1x10%1.5%x10° CFU/ml
9 =2 ASTS L}E}lﬂﬁi‘?}. Protease 243 =73+ Ay,
FBS-4 = 1,402 unit/ml/minE, FBW-3 #F%= 1,276
unit/ml/minE 18]3 FBF-7 @57} 2,585 unit/ml/min<] uvj-$-
F2 &49S JERisITE

A% e ols SR ABAA AN

AES A7E Fig. 24 YERISE H2E A E25E 2
3t FBF-7 W5 Bacteroidetes Al%2] Chryseobacterium
&0l %3190 W Chryseobacterium 42 TAFEY FedS
ZAESE A3, Chryseobacterium gambrim'T (AM232810) 2}
99.15%, Chryseobacterium stagni® (DQ314742)¢} 99.08% <]
FERE JESIThD). ARER AlE25E 223 FBS4
T y-proteobacteria AlB9] Stenotrophomonas <0l 4

_1_. 'r‘OH
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Fig. 1. Phylogenetic characteristics of feather-degrading bacteria collected from chicken farm.

31901 Stenotrophomonas 42 AFTEF} A543S A8
A3}, Stenotrophomonas maltophilia® (X95923)%} 99.78% <]
& AEAE YERIT15). B3 5 e gelA AF
A A|E2XE E88 FBW-3 75+ Firmicutes AlE1-9]
Lysinibacillus 49 431992 Lysinibacillus 49 &3k &
AZET A5 28 AR, Lysinibacillus boronitolerans”

71

100

99

86L Strain FBW-3 (GQ287636)

100! Strain FBS-4 (GQ287630)

100

86

Chryseobacterium daecheongense CPW406T (AT457206)
Chryseobacterium defluvii B2T (AT309324)
00 Chryseobacterium stagni 10-59T (DQ314742)
Chryseobacterium gambrini 5-15t1 aT (AM232810)
Strain FBF-7 (FJ938215)
Chryseobacterium indoltheticun ATCC 27950T (M58774) || Bacteroidetes
Chryseobacterium formosense CC-H3-2T (AI715377)
Chryseobacterium joosteii LMG 182127 (AT271010)
Riemerella columbina LMG11607T (AF181448)

Elizabethkingia miricola GTC862T (AB071953)

100 Elizabethkingia meningoseptica ATCC 13253T (AJ704540)

Lysinibacillus boronitolerans 10aT (AB199591)
100 Lysinibacillus fusiformis ATCC 7055T (114013)
Lysinibacillus sphaericus ATCC 145777 (L14010)

Caryophanon latum DSM 141517 (AT491302)

Bacillus silvestris HR3-23T (AJ006086)

Bacillus odysseyi 34hs1T (AF526913)

Bacillus massiliensis 44008317 (AY677116)
-Bacillus psychrotolerans DSM 117067 (AT277983)
92 Viridibacillus arenosi LMG 221667 (AJ627212)

99— Stenotrophomonas nitritireducens 12T (AJ012229)

Stenotrophomonas acidaminiphila AMX19T (AF273080)

Stenotrophomonas maltophilia LMG 958T (X95923)

Pseudoxanthomonas broegbernensis B1616/1T (AJ012231)
Pseudoxanthomonas japonensis 12-3T (AB0O08507)
Xanthomonas campestris LMG 568T (X95917)
96'— Xanthomonas sacchari LMG 471T (Y10766)

Agrobacterium tumefaciens CCNWNX0078 (EU697966)

(AB199591)9} 97.70%, Lysinibacillus fusiformis® (L14013)<}
97.11%, Lysinibacillus sphaericusT (L14010)%} 96.96% 2] 73
548 Yehlo] FBW-3 #FE Lysinibacillus 4:2] ANFE0 2
AR A D).

3719 Chryseobacterium sp. FBF-7, Stenotrophomonas
maltophilia FBS-4 2 Lysinibacillus sp. FBW-32] @7|xg&

Firmicutes

Gamma
Proteobacteria

Fig. 2. Phylogentic relationships of feather-degrading bacteria based on similarities of 16S rRNA. The phylogenetic tree was constructed using
the neighbor-joining method. Bootstrap values and shown at nodes. Scale bar, 1 nucleotide substitution in 100 bases. Superscript T means the

type strain.
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GenBank©l] Z}Z} accession no. FI938215, GQ287630 —1&]iL
GQ287636E S=3}ct

MESHx o SIS FaliHol| elsi FEE oto|icite] £

E Aol $5 &8l <052 ALE Chryseobacterium
sp. FBF-7, Stenotrophomonas maltophilia FBS-4 2|3l
Lysinibacillus sp. FBW-3 @52 2% 5% /4 714
HjRe] 242} HES 3 nAE ghEd o8 FEE F of
vk g $2k8ldR(Ca(OH),) XE]oll ofeh 88t 2aj
Hell oa] F=1 F oprit TS A7 vl - HESIACH
Chryseobacterium sp. FBF-7 71=0)| 23] &4 F opv|x=it
TS 1661.6 umol/mlZ 7P =& S Jehiglon,
S. maltophilia FBS-4 w5+ 1175.8 pmol/ml 1|3l Lysini-
bacillus sp. FBW-3 T+ 427.4 umol/mlZ F=F ]t} 3}
82 B3ol o3l &€ F obv)i=at R 1866.8 pmol/ml
2 Chryseobacterium sp. FBF-7 ool 98] 2% & o}
=4k S Akt

AEHA i g1ehH Eafiel] o3l FEH opv=st
Z 2= olm]i=2Khistidine, threonine, lysine, methionine, valine,
isoleucine, leucine, phenylalanine, tryptophan) $H+-3-& Hlnl
ZAESH A3}, Chryseobacterium sp. FBF-7 w50l 2J3] =
H ZF opuest $F F A op)igt e 619.3 pmol/ml
2 F o=t FFe) 37% 5 AA8IL S. maltophilia FBS-4
T 503.5 umol/mlZ 43% 18]3L Lysinibacillus sp. FBW-3
T 139.5 pmol/mlZ 33%E XA|SITh M, 38y &
ol o8] F=¥ F4 opv|=AF TS 596.9 pmol/mlE
Z oMt S| 2% E ARABlE ALE LERITHFg. 3).

ol el AFZHE] Chryseobacterium sp. FBF-7 5+ 3}
shA Zalol sl =9 ov|=4t FF Ak s

el eH, 53] 4= ofrieik o] 38hA Eant
b =4 F=He 545 eItk

o=t Ao 71 A YERD Chryseobacterium sp.
FBE-7 #FE ©-§3 A=54 &aH7t Ca(OH), Azl 9|
g s}ehA Ealel ool F=8 opvieate] 2SS Wl HE
3}AT}. Chryseobacterium sp. FBF-7°] 2l&f| & 17%9] o}v]
wAbo] FEE|QIOM, aspartic acid (11%), glutamic acid
(11%), glycine (10%), valine (11%) 1|3l proline (10%)°]
T8 opiglo® FEEE SAS eI 38H AE
o ol F=d obv=qte] 7, glutamic acid (10%),
glycine (22%), alanine (10%) 1|3l valine (10%), proline
(13%)°] F8 op|=Ato 2 FEE = F0Z YEiT

Chryseobacterium sp. FBF-7°)| 23] =5 oju|i=2ke] H
% aspartic acid, threonine, serine, cysteine, valine, tyrosine,
phenylalanine, lysine, histidine ~12]1 arginine> 31812 #3
HET =7 FE2He 548 YIStk 53], aspartic acid
(38%), threonine (287%), serine (303%), cysteine (262%) L
23l tyrosine (88%)-2 3}3HA] walRKth T £A FEHE
545 JehItKFig. 4).
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Fig. 4. Comparison of amino acids extracted from 2% chicken feather meal medium by chemical and biological methods.

FE3) R ol Be AT} vk vIES Hgolk
# ATE Folo] AuE A 9wy BAAT S AFY
Aoz thpet PR FASo] glo] Tk Robe] At
[e]
o

R,

terium sp. FBF-79)| 2J3] &8 FF opv|xAt e 7|E
38k Rl oaf FEET T FAFEL B of)e
2 ARFEE A e AAEEACA HEFH R o] &EL
Ue FEEME AT F Je F9E 52AE L shsEitt
31 IGEC} Chryseobacterium sp. FBF-7 TF%5 ©]-83}o]
Atd dld S RIZEE AL opu| =ik X3 Bk )
g 2 AEASEZE A5 oAt HIEEHR ] B8 71X
7t wif- =& Fe=E JgiEth

T

WAE FAE AEERE R AT 31dTE et
Ak 58 = Eaixldol tsf 16S rRNA H714 22 &
588 EAS HES Z3 Firmicutes 2179),
y-proteobacteria  (471F), Actinobacteria (475 LAl
Bacteroidetes 21) AlSroll &8s thd3t Alito] .y
Atk FE AT T = EelEo] 75-90% oVl s
< Chryseobacterium sp. FBF-7, Stenotrophomonas maltophilia
FBS-4 Z1#]3L Lysinibacillus sp. FBW-32 % Xas}9ith
ol5 wFE o83 AEA EaHH Ca(OH),E ©l&3F 3t
8k HafHol o3 FEHE opnghe] EAS Hlwgh Ay,
Chryseobacterium sp. FBF-70l| &J3)] 2% & ofu|:=At &g
©] 1661.6 pmol/mlZ A% F5 F 71 =4 Yepston, 3t
7 ZafHol o8l FEE T ohvlad dhEt frAlekATh

Chryseobacterium sp. FBE-7°l| &3} AAE 4= olw]=2t g
S 619.3 pmol/mlE F ofr]|=Ake] 37% 5 sl o,
38tz Eayel 2% 4%, 596.9 pumol/mle] B4 opw]ieat
S Ailste] F oAt e 32%E AR BoE U
ERAT). Chryseobacterium sp. FBE-7¢l| 93] 353 ojn|=Atk
o] A4S 7HESE A3} valine, glutamic acid, aspartic acid,
glycine 1] proline®] F& o}]=Ato]R o, E3] aspartic
acid, threonine, serine, cysteine ~12]1l tyrosine©| 3}&H4

FHuc O ¥ FEEE 549 e,
ZAte o

R Tl = o DR SRR ERE DB EE

AP FaE ArARR oo =P
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