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34.9 % 75.26 %
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1 2 B. licheniformis THSC-1
15.7 % 52 %
B. licheniformis THSC-1 12
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Fig 1. The structure of feather

(Daietal., 1995)



o B2 FHEY I B L G RAR e

Table 1. Amino acid compositions of cross-linked structure

Amino acid Hair  Barbs Rachis
Aspartic 4.9 8.6 8.1
Threonine 8.4 7.3 6.0
Serine 12.9 8.2 7.3
Glutamic 12.8 12.4 13.1
Proline 10.0 10.9 8.4
Glycine 7.8 7.9 8.6
Alanine 4.5 3.6 5.8
Valine 8.9 9.1 7.9
Methionine 0.4 1.9 1.6
Isoleucine 2.9 2.7 3.8
Leucine 5.8 4.1 6.7
Tyrosine 2.4 53 4.7
Phenylalanine 1.8 1.2 2.2
Histidine 0.8 1.2 1.3
Lysine 2.6 5.5 6.2
Arginine 7.0 3.5 5.1
Cysteic acid 6.1 6.6 3.2

100.0  100.0  100.0

(Rice et al., 1994 )



A e (8.6%) 0 @ o3t A G R ER 109 %

A 2

iRl uwrdApmsEs 37 2 %948 (Riceetal,

1994 ) -

(=) v F21ik

o WAL 3 S ORARATE S DR LT RE S AL
Exaz FK&:‘&TJ{H' ’J”f# Al X kR 2 (Xoray
crystallography ) % & Fligdt 3k 3v Finz= R 3 B By
oo fe LA AT God FTREIRA s blde & Ged rj-h%u‘" 3t
WM R T SFE - Brhotn T R B & B X
LEPIE NG A REE R TR RS R
AHE R EME

o FiRfpdlesv o e B Lo BRBH T
PRl RAMA ADIGRAE ] LSRR RET A 3

\\\
\_

e 2.2 B B A - B S ISP RN e B A 5
& v gt (disulfide bond) £ & 4% (hydrogen bond) #--
Bt 2 M blde o-8 %% (a-helix) ¥ B-38 % (B-sheet)
2 v FaER 3.2 BB ZREEaEG > <A
T Rev 5 AR Sz sOREE Bl ek AL o 4
Bl S4Bt BO\IEREGE e AR A A2 BT A 2 b



SR SRR BB A R T A B N
Fo Feddh o 4r i L A BRA Bt A H
7 (subunit) hF-v F > H P e f rigagp 5 i H ApA5 mf#

i (Lehningeretal., 1993) -

(Z) 439 2 4%

& F-v Ad #4 hk 'wmre (ectodermal cell ) 474 ) %k
SxE ICALI Y e S I e 3 E R AN - SRR
eehit FREEM > FANF FEF AR o0 LS
Hegiveh A R erghasieni &0 > blde D G~ & -
ME3LL c A FO9FLLEANE - FakFd > 187 AED
FREY S V- AL fe Ry 0 AR FANEFE RGN
(Creighton, 1993 ) 3£ ¢ 7 % 90912 + ek Fv » e £ &

F-v ¥ g e A W sl il O e v LA B - S I

NS

A e Fen R A iR (B B 0 1995) 0 Flptae R H

A=
wp
=i

A ERAE o BRSSP T EKEE R 2 9 pE o
wEE TR R ER 2 Y (Willilams etal., 1991) - &
Bov B - AL TR 2 i o kR R AL- L Ed E
( proteolytic enzymes ) 4 f# » 4% 3-v f# (trypsin) > i F-v

i (pepsin) v+ A fF (papain) (Williams et al., 1991 ; Lin et



al., 1992 ; Boeckle and Mueller, 1997 ) - LBt B A
# ok F-v pr oo @ 35 Aspergillus ssp. ~ Ctenomyces ssp. -
Sreptomyces ssp. ( Williams and Shih, 1989 ; Mukhopadyay and
Chandra, 1990 ) -~ S fradiae (Kunert and Stransky, 1988 ) -

Fumigatus ssp. ~ Bacillusssp. ( Williams and Shih, 1989 ) %
TSN RS WP

(z) & 39 2 B

$ho P 73 BB T UESR ERY 2 BA
Sk I A AR LRI R AR R LT R R S (R
% (Takamietal., 1992 ; Lehninger et al., 1993 ) k& F]3% > %
a5 kB 2 G A e o (A BRI L & v 2 F
£ 4 J P 5 H- %z $M (Takamietal., 1992) ¢ G]4e @ X e
BEd ZffleRire s
(fiber cortex ) 4w 2 ¢ % (melanin) (Marshall et al., 1991 ) -

|

o 2P 5 & 4 (cuticle) ~ F g B

Szl E F o OORE > A ik B R 17~19%
( Gillespie and Marshall, 1988 ) - & ¥-v ¥ 3&fi— S5 ficd o o2
B fEA fRE R 3 RS L R jpig e A
= 45 & & i o-helix ¥ B-sheet 2 F-9 otk » w1t A) =
a-keratin ¥7 B-keratin > B = Bt 7 & F-v ¢ FA4EE 4 422
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B o H ¢ engagt L d B B cysteine (FRE X 4AATA) A
M & 4ER] _d serine ¥7 asparagine s 4 Ve S X 4A AT
(Lehninger et al., 1993 )o H #7k2_jeen pH & £ 12.0 12+ pF
§ i keratin {28 ) & F Rk o we G - BT F
NP N A RO pF TR XS pH BB F kA
f2 4% v (Takamietal, 1990) o
#- a-keratin ¥ [B-keratin # 't #: # o-keratin ¥ %] cystine
FEROI PTG AA enle o s 3 8 22008

b

R

(ﬂd\

g

\4

7% s st AR RA 2 v ’Fr ’ &rﬁ:’%ﬁi\;#ﬁ

Poo it s BN 5 10~1495FF 5 B35 pdc T B d chk

S

F-v oo drEp B s gL BB E L ¥ o B-keratin ¥ A kR SEE - ot
fe B 3 ehep BT NP IR, H 2 F owk e fh B L Bk R L

(Lehninger et al., 1993 ; Takami etal., 1992 ) -
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Fig 2. The structure of hydrogen bond ( A) and dusulfide bridge
(B) in keratin.
(Lehninger et al., 1993 )
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S e A R A RY 2 3E 3
FIg T A R T gy 0 B33 S 1 EARY I et e
FEfsE & & 4 Fovo fReni®d > W g 3L ¥ & Fv ‘,J,*#m
2o NFRE 0 Wb )V EF i 4 5 A Barabas
$ 4 (1986) chibshd 7 0 S BML P ARSI B b
lysine ~ methionine ~ arginine s7 7 & 3 >t A kd@ e H ¥ 4 3B

f’l"_‘,ﬂ"}

)

SRV e K,ért EIGRE- RN CE

|
\

$ % £ (biomass) ¥ = % Fv Fhikh @ BB L
A H I i > blded AL At dhlysine & 0 S E VT
e ;£ (Onifade et al., 1998 ) -

MpEA RS R T B 24 T 0 B R A AT e D
b pE o KRB R LG o X34 & Fov fFF R I
5 (bl4r: & 39 ) k%% 424 (Onifadeetal, 1998) :
TR A R fRenA il B AT Y F o 33 L 0F LR
A2 A o arE- R § R (Boeckleetal., 1995 ;
Boeckle and Mueller, 1997 )o & 3-v € 4% X & 4% 2 i 2 $ -k
B AR A R A o Y L £ end b o
Bo(blde 3L ) ARSI LR T - AR R 2
SRR Fw o KA o AL T Y IER-E B B
b v fraE 4 o AR BAEH R E Fo A fE L T 4
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3 E£& R (Rajak etal, 1992) 5 #Fmg ke 5

SHF M A IO AR PAF A 0 A2 R ahE -
d Bk F-v o fEd e FrrAd 2 o fRenfp i gl o T R
AR s dd FRPAMATY » BHREE AL B2 [
(Onifade et al., 1998 ) -

7 A& 4% E Sreptomyces pactum DSM 40530 » &
Boeckle and Muller (1997 ) ¥ Boeckle% * (1995) %= 7 3F
24 ¢ F %S pactumDSM 40530 k i {7 & Fov crs fEiRE 0
AR AGEREA2 2 F PR A?P RA B A 503
Ao 18 KRAF T A f2 4 3-v (Boeckle and Muller, 1997 ) -
Hig* chd B3R AR RY & W7 RREnFL 25855

(FEE A ALB ) 0t FBif & ehd K% fi 2 pHE7.57 1133
C# % (Boeckle and Mueller, 1997 ) & &gt g BT > 7 5
HcFr L 4 & f2 (Boeckleetal., 1995) o

L7 R0 A Mt FE AN S S 1.7~6.7 g/l
BARBR? 4 PRPET Y @AM FREFEITLG
BET A 0 R A MR imie o gups & (thiol
guoup) #r¥2 & F-v )k R 3 B & o4 M (Boeckle and Mueller,
1997 ) ptfsr 3+ & 5 30kDa> 38 Pl 5% 85> &50CT
L F L 24P PF (4er BEERA Ca” VO U S AETR ) o0
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frett e meapH BRER E 5 6~11 2 40C~70C > A 3
fenpH E2E R £ % 8% 55°C (Boeckle etal., 1995) o

S pactum DSM 40530 #74 2 chim?e I fis € 5145 L &
f2 o e HgE R 3 XL ¥ RS (Boeckle and
Mueller, 1997 ) - & Boackle % 4 (1995) e85 *¥ > 46 F
B SIS A E A 0o 10960 @ g FA S pF A & 55
viefit 3o f* (serine proteinase ) &2 S fradiae #t & 2 thfs
proteinase K 4p 7 » 72 H & f2 4 4 #3 o

Bacillussp. P-001A #_fif A ¥ #73 Bend i 7 & A

3

2

Bokobh bR eR A AR K B EF

7)1’&

frehg e A ) o H v fFE 4 Rl T L 22 5 & Nutrient
Agae ¥ 4c » 19054 % (gelatin) >t 55 C T2 % 24 | pFis »
4v » (NHy),SO4 > & F#74 2 2% f3% % (clearing zone ) A%
*F o RIRTH B0 pRE A ARG o 1% QRS S A
SRS o1& 120 fPE{E 0 A JRZ A U L 9096 ~ 60968 50
9% > e B hEp g P 4 £ FEr (Atalo and Gashe, 1993) o
Bacillussp. P-001A 2 # 2. 3-v & ¥ & f38 3 P kb &2
fed-d o &3 B (10% NaCl) 2 T &7 2 & o @ Fiks
% 30~40 pFFfS > T AHE2 RSP 3 AR E 0 e
A4 (65units/ml) - v &5+ o pH & 8~10 P F » pH
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ER 1158 M 45 g2 E54 o adiEd BERFFL
30C~T70C2 A » 3+ 55CRFEA BB e B L B iE 2 4
pH & 95 & 55C - fp >t 2 & {4 B. subitills & B.
stearothermophilus & 77 3 » p 5 #F 2.3 % £ ¢ (Atalo and
Gashe, 1993 ) -

Fervidobacterium pennavorans » #_d 8 & ® 7% L3
B BB EFRBEPEIRFEFAL 2R
FH AL £ 2 pH EHE & 55~80 0 EAFE L 50T
~80°C » & pH 6.5~70°C% NaCl049% (w/v) & 24 £ &4F -
BCRET AN R TR R AR JE AR ABEH BRI
AEAE o em I F S s PR O s B B R B
( Friedrich and Antranikian, 1996 ) -

F. pennavorans 4 ;& e d F-v e + £ 5 130 kDa > #&#
‘£ ) Bacillus f= Sreptomyces spp.# 74 2 14 30 fixs (&~ + &
%5 20~50 kDa) &+~ - HIXTBL 3.8 5 RjFD i i
vfF FlE - NEFTEHISAPH B T~9 2 FF ot isv A
& 6~10.5 28R 50C~100ChF#ERFT F5E+ o @ bk
M pHE 1023 F 80C AT F &~ g4 > & Bacillus
$p. AH-101 #7 & # ek F-v fis 4p 02 ehgf i+ (Takami et al.,
1989 ; Takami et al., 1990 ; Takami et al., 1992) - A & F-v A&
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f257 3 ¢ > F pennavorans 4 ek - fE ¥ L E-4 Jev A fF
A d iR AE o e AoRfEA S P XL G cystine 2 H A AR
IR R AL BFIT A G dg L IR T cystine ¢ # % =
X £ pvefg (lanthionine ) (Friedrich and Antranikian, 1996 ) -
F* FEEE (S cnfmie PR B L 1S chk Fov B K A fE a0
R ol BRI I e SRR > 5 A4
aspartate - threonine ~ serine % % f& %k fk > @ 3L+ v iz &
LG R 389 s R b S end Fev PRRRAEIES 18> XX R
Fad &> ¥ FS wTdsE ot )L 859 o
Bacillussp. P-001A £ F. pennavorans # @tk %] = 4.4 3
BEAT TRk B A hd Jd AR ET E R

BRL K LAY B EL SRS R B

B L 1 ¥

fo e 5 A E R B 0 182 %\'ﬁﬁ‘p g B (B4
proline ¥ serine ) °

F. fresenius 2t AT A * 3oL F 5 vli— pET § DK

frz2_ kR d pH E#Tid2o-KfEdifd 152 5 pHE 927
ASC ot B T HEF2EEN 270CT8 %2 1.5)
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PF2 80 v iRTF 90902 A dniE 4 o @ & Fov SRS N R
Y L R RIS S S T

Bacillus sp. no. AH-101 #7 & 2 g+ 3-v f= > ¥+ p 2R R
* ke B (blde : keratin ¥ elastin) F 8 R K fEE
4 o £-4f keratin £2 elastin ™2 7 & pH & % -0 fris 4 F % >
SR F R A pH & 13 cnif 2™ > gt Jv fF¥ keratin 7 B iF
sk fgiE 4 @ & % elastin PR R 2 pH & 10.5 &4 2 12 AH-101
i A 4 2 F-v e 2 i = fafs (subtilisin BPN -~ subtilisin
Carlsberg ¥ proteinase K )’ &+ 87 I pH & ™ -k f% keratin
2 F o H%MEBHAEpH & 105 & 12.5 AH-101 & 2

2 % %8 (Takami et al.,

\\\

gk 14 B-v frenSs M ER b
1990 ) -

5 % Bacillus b Fj#k #7 4 i& & serine proteases & (At %
FOEFHT BAEER " GERANFTHETHET 5

subtilisin 7% - B > ¥ % F FFR¥T4 i& e serine proteases

eI FlE Rt g kg % cogp i 4+ (Stahl and Ferrari, 1984 ;
Vasantha et al., 1984 ) Lin & X (1995) :2- # % ¥ B.

licheniformis PWD-1 #1 & & 7 & F-v fs ¢ & PMSF
( phenylmethylsulfonyl fluoride % serine protease =7dr 41| )
frdrd] o Fp ¥ (B frgt ' 5 serine protease 0 P H YR AL B 5|
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£2 B. licheniformis NCIMB 6816 * 4 i 53 subtilisin Carlsberg

3 97% % B 4p it (Jacobs etal., 1985) o

ERNE 3 i S AR ERA ) Y o)

Shih (1987) d FpE s B s » 27— k5|3 M & 3
ARG B o i B OenEK Y RF R Mtk o 7
LA RE M AL S E F 0 TR

ETTRS

MRS A S T OREST RFR  REmER AT T

A

LE AR A o B AR G O FRRE Y 2R
L EEFmpEA A > FRERIE Y VR R A wE A R

F¢% (Shih, 1993 ; Williams etal., 1990 ) o #t & % e % {4 #7 &

7 % (Williams and Papadopoulos, 1985) - 3£ 31 & = & % &
Fov 0 R G AR- A Fov IEA R A4S A A RIS s ¥
v EipE £ & (Takamietal, 1992) -
(- ) Bacillus. licheniformis PWD-1

Williams (1990 ) A %g % 3ae @ 35 3| - $k B. licheniformis
PWD-1 % 7 A 235 tnim ] > & 7 #5305 § Hvi— g~ Fife
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B kiR BT 3 BME Y FRPWD-1 pF Fo TR
#P ot L Bacillus B2 Ftk o L # a0 375 FR SRR
EBRR T AL NI SF o TP wEIRE e AR T A 4

Z 70C~80CR if - PWD-1 Fthend s {25 1 5

RS

3

,}'_J—_\‘

i

AL 5 pe
ii%ﬁ@ﬁuﬁ?éﬂﬁC~wti£@ﬁ1%ﬂﬁ@ﬁ
(Williams et al., 1990 ; Shih, 1993) - §1* &% 31 e PWD-1
FAHRAFEFA I FERF 2 L2 A 50CT 2 £ &
oA s ApEEke 27 10° celml o 2 R A
B25CT AL L $2 % HEr T 10° cel/ml > A2 K

M 3TCHER? o FAE Y S FE ST Bl 4
£ ood 2SS FS50CT PWD-1 2 £ g (Williams et al.,

1990 ; Shih, 1993 ) -

3

BFE N 2 P G A fRFES 4 Fe o MY M
TA A hFed fEa A fREAGEZ R RPIEBRERY A
B RRT IR A G 2 2 fRE 0 B F BRI AET
R A A PWD-1> F R B4 40 2 e B
&Tﬂg,
ARG RALEREE S A 2% 10 p 2 F 20M 12

FARERAENT S P F 2510 celVml> 2 1

EY

boofe BRFGRAET F#CTE 3 p R E ] 107 cell/ml 0 £r
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TRALERT LG B A g o P & Fov A fER G
g R o FtF Rl e B A RY Sud RERY E
z_ 3 4e (Williams etal., 1990 ; Linetal., 1992) o

b Foo A fRPE G ORARRAR A 2D K o L L R FOH
Bl AR B Kp| T ik & By (Williams et al., 1990 ; Lin et
al., 1992)« @ * % I Flick & kA RIS B Z X
7% 5 20ml~40ml fo 80ml % = e (5 1225 4 & Fikc)
Lder SRSk RBLRRRK R 0 RARE R kB T
SRR o EEES R S e 20ml 2 ke n) s ATE 2 2 ORA
&%&&%’ﬁ¢ﬁ8mﬂ1ﬁwﬁﬁ%§¢&@1%mo
FEFE AR T AR am st £ R
P R R > FPIF R IRAR 2 BEAR L o AT Y RE
EE OREERERL > DGR ot A LR R (Williams et al.,
1990 ) -

A BT R TR YR RR Flc » LSRR
AT % PWD-1 Bz %0 B EHFRILE 023612+
24 p 2 B pk R g > BRI B '%pk (alanine)
FF 3 eps (valine )~ B v 5%fik (isoleucine ) v "=f& (leucine )

SEFRAPRUEL A W Sz MA@ B M =t (arginine )
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24

B. licheniformis PWD-1

TABLE 3. Free-amino-acid concentrations® in fermentation medium as affected by fermentation time and ratios of feather substrate to liquid culture”

mol  at variousfeather liquid-culture ratios
Amino acid Day O Day 3 Day 6 Day 12 Day 24
1:2 1:4 1:8 1:2 1:4 1:8 1:2 1:4 1:8 1:2 1:4 1:8 1:2 1:4 1:8
Aspartic acid 353 312 290 324 312 187 425 336 240 351 305 330 325 298 293
Glutamicacid 1419 1375 1341 992 852 710 881 890 747 822 752 846 756 817 846
Cysteic acid 163 192 096 081 093 088 055 090 041 061 044 039 044 041 047
Hydroxyproline® 549 519  9.50 120 069 187 051 065 095 053 042 063 034 032 043
Serine 308 266 244 106 104 168 049 029 181 035 013 209 051 018 032
Glycine 866 864 811 429 427 419 641 537 436 6.65 6.70 544 6.03 6.66 539
Histidine 512 408 444 252 132 138 181 150 1.62 240 166 180 245 244 211
Arginine 2485 2433 1748 651 437 493 283 431 291 302 228 161 161 145 190
Threonine 240 247 280 256 354 381 202 237 284 153 171 205 120 141 205
Alanine 845 909 828 1151 1246 10.19 12.25 1338 11.63 11.87 12.89 10.90 11.86 11.74 11.79
Proline 420 520 358 190 289 153 274 392 186 181 309 175 433 592 439
Tyrosine 180 203 290 285 350 443 329 367 465 389 421 502 342 319 338
Valine 348 328 283 923 994 957 10.33 9.03 10.95 11.17 1101 11.07 9.65 962 1044
Methionine 079 060 487 252 342 294 331 305 346 328 342 386 383 351 366
Cysteine 000 0.00 0.00 032 0.00 0.00 0.00 0.00 0.00 026 0.00 0.00 0.00 0.00 0.00
I soleucine 148 166 207 692 858 775 824 844 890 854 959 926 917 941 889
Leucine 306 345 376 1413 1391 1477 13.18 1343 15.37 1432 1552 14.45 13.16 1347 14.66
Phenylalanine 176 210 210 560 674 7.28 6.88 6.78 7.37 6.27 685 755 579 565 6.07
Tryptophan 116 106 1.70 745 653 6.62 780 6.72 6.72 739 568 6.58 6.27 6.63 847
Lysine 488 537 587 546 425 7.20 429 391 434 439 381 380 9.02 685 420
Tota mM 395 280 1.05 2520 2330 7.60 63.20 2645 1560 52.80 2525 26.70 118.00 110.25 36.90

% Values represent duplicate-sample means.

b Liquid culture of B. licheniformis PWD-1 contained approximately 10’ cells per ml.
¢ Valuesinclude a 200-pmol hydroxyproline spike for chromatographic analysis. This value is taken into account for total millimolar concentration.

(Williamset al., 1990)
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SRR E FA12 p R F FRAS S X T

B R REREAL 0 F AR DRIRARIER 632 0M ¢ 822k 24

PR A S8R ER 118nM 2 5% » 224 A 50CiE
TORRFUELE EERS AR mETH A RSB Rk

= % 152 5 &4+ (Williams et al., 1990 )

HE A B AA L ERY o F15F B R B § e

B Pk BRRLBE SR A Ry D A R

|
T
(=t
2
=\
¥
®
L
Pl
D> =4
\§M
=
.
W
=
T+
Pl
7\
C
=
@
QD
[E—
O
O
[\]
—

s R R E I S S S 8 PWD-1

% BAEY > FH A %KY & 4 %+ § 9 keratinase & i&
{78 B > #- )L pF keratinase GTUE R X T L 1 B o A or E

4238 5 ¢ (membrane ultrafiltration ) 2 f 7 5090 e Foo B
s REEAEY T 3079% L Y ABmAR ST 2
# #+7g (carboxymethyl cellulose ion-exchange ) =77 ;% » i# 4%
Fv R U A E Rdsen 296 0 1 keratinase sk R 3 4r 2 5 43
B o B fe ¢ * sephadex G-75 chromatography 2. & /= ¢ 4% 3-v
F=aRAKED 10 BEFiE4 5 Ripen 73.1% 0 2
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keratinase % it B fict A D R4 RN T0 B oo 32T 3 oAk
44 1Y keratinase (Lin et al., 1992) - # Boeckle & 4 (1995)
i# * S. pactum DSM 40530 32 %% ® i & F-0 fixs » & % e
>k & B & ik 88 culture filtrate )~ BoAE Dk g% ( membrane
ultrafiltration ) ¥ it 3-v 2 5 (casein agarose ) ¥ = f& = /& #-
AL RS BRI 64.8 & o

£ % i i Keratinase ¥7 H i F-v FFAIEL & Fv 4[R2
Wl o TR R R R TERIEE 0 B 0 50°C i i T e keratinase
FEL & v A fRE A S 1000 H B R faitAc v fr K

(proteinase K )~ 584 3-v fi# (elastase ) £2 %% F-v fi# (trypsin)

2 E4 85515278 160 B 3TCHEET 06 oA fRHS &
F-v g 4 A o Keratinase & it = ff v fEenE 4 4w G
41+36~172 13- F 57 » # R AN 3o f5 (papain) {=%
Jo 3-v & (collagenase )’ # % & 50°CE 37 Cixit® Ha &
a5 & 3¢ 2 & 4 (Linetal, 1992) -

% By f2 %5 1v enkeratinase 7 72 i & 4 3k 5 i2 {7 SDS-PAGE

Bov FenT A% BEMA A A3 E S 33KDa & 5 H A

=

Foo Freptps H s chfe 72 0L B 2 4k 11 azokeratin (i & F-0
2R E R NEE) A1 ET ZE pH &
575 AS0CTHA RN A AT ER RS 7255-20CF
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PEEER S 790 e ATCRTF 19 X 1SR E R 20%
keratinase 23 B T X FH 3 4~5 % > EHETE gk T 5
frp 484 f2291:¢ = (Linetal., 1992 ; Williams et al., 1990 ) -

2T HFEFOAF2ZER o Lin &4 (1995) et
B. licheniformis PWD-1 #74 i ek F-v il @2 5 T 7 o
FPARZARE T FDRT] (G kerA) #* 3 fEH
# % PCR-Walking £ PCR-Screening P I e deen
DNA /| BB 7] > kg 2 50 15 en S B Pl o B % (7
FREHARE B AT k> TAEIEBRATL S
1,457 B ¥ipeih DNA fpid » THREF LR 30 T2 5704
By Fou gt LI37 BPipE Bl 0 kAR 5 379 BomAm
i o ki FATIGPRERARATI ARz G 4
T o

$H 7 & F9 fEen DNA B 7)1 > B -4 30 v A 7138
» B2 588 (plasmid vector ) pUBI18 2 ¢ > i "L s K-8
e i Fv frcn DNA B2 B - L8
s ¥ % 7 B. subtilis @ > it%éiﬁ%’i.fsmﬁé Noood A ETeEL
f> 3 (promoter) P43 it % » & Foo fe @ A F LI ¢ &
B A RN ERARE A AN AEM o 3 fra E
+teg* (Linetal., 1997) -
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CTECTRCCAAGCTEARS CRGTCTATTCATACTTTCRRAC T ANCATTT T TCTARAACAG TT AT TAAT AR CTAAARAAT TTTARATTHECT
CTCTAAAARAATAGGCCTACCA AR TORTTT T T T TCCATRA TARA T TAACASAATRA TGO AN TRGATTATATTATCETTCTATET

mﬁlmtm:mmmmmmmmF
W H B E ®E & F W L 6 M L T A F M L ¥ F

= 2 . =pro s : L L 1 '
R A TG A T T R A T T e e T T TS TS C T AN OO ANAA TS TTEARARCE R T TATATTO TCOR A TTTRAGTCAGIAG TSAN
T W A F % b 838 & 5 A K Qg F & E ® ¥ £ K B T I ¥ o F E & @ ¥ K

AR TGO PO TCARARN AT TN T AN AR C LG CERANAS TES A ARG R ToTRRAA TR T AR DO CHG AR ARG G ARGET
f » # * E E B ! [ E E 5 G 5 E * o E g F B I 1 & KA B E & E L

“SaTare .
ul:ln:..n.:vl:llp:pn-.rn'rvl:[pI'l.'l.u:nnnurv

wﬁm mﬁwmmmm lﬁ-l_'l] MTI.‘.'I‘I.A.I.H ‘I‘ll'.'lnl.'tl.‘.'rl:l:m‘.l' lrl‘:.lﬂt
F Y &6 1 P L I K A CE Y Qg A g G F E G A R Y E Vv K V L 0D TG

I @ & & H P D L A v % 6 6 A & F ¥ A & B & ¥ B T O &€ W G H &

ERCRCATE TR CCGE TR G TAGE TEOG CT PEA AT MO AN G GE TE TAT TAGG O T TG OB COAMGCGT A TOC T IR TACOORG TEARAG T
T AR ¥V K & T ¥ K AL B F T T a Y L O ¥ K F &8 %W 4 L ¥ R W P

at 0.
mmmnﬂnrmnmrmumwhwmmﬁnmrxm
. K § % G 5 @ 5 ¥ & @ I ¥ 5 @ T E W A T T R @ M B % I M ®= A&

Ti03
E - a g Tt g & i g g. &t € &
mmmanﬂ:nmmmﬂmmﬁnmﬂmmmﬂmcm
L& 4 & % 3 § T A H T Q R ¥ O FW & ¥ B B @ ¥ v %W % KB K & 0 H

Flae

mmmmrmmﬁmmtmrmmﬂmﬂﬂﬁu
8 4 &8 &§ G M T H® T T GY F K ETDR S T T AT K VD 8 M § H

Ca @ ] Ty
mmmmmmmmmmﬂmvmﬂmmmmm:
R A B F & B ¥ & A E L E ¥V B & F ¢ AR o ¥V ¥ & T ¥ F T T
BII-!I

mnﬂm&mmmﬁmrﬂm&mmtmaﬂnmmﬁnmﬁ:mw;tmnm
T L v &8 ¥ 8 M ¥ B P H ¥ & 4 & & & L [ L. B B W F K L & &k & §

. . E . . . =, . . .
AT OGO RA O T oG TG A e S R T T A T T M O AR C T OO T T CT A TR TG R AR DI TC T AT CAR T T ORI C T O TN
¥ R F R L § &8 T AT Y LG E & F Y ¥ 4G F & L I ® %W E & & & @

- ) ™ . . . . L &7 R :
ATRACATET TCTARCAKATACCAT ATAGRARAAG ST A T T TT T A A T A TT T T T O T T AT T TOA T ARG TTG T CCARTATTTT

#Eop
4

GAATCOGTTCCATGATS [ H487;

Bl= ~ & Fv fe ik 7] (ker A) chii e vzl pe /s

Fig. 3 Nucleotide sequence of keratinase gene.
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(= ) Bacilluslicheniformis THSC-1

PRRY KA HE A ZRRREFTLIRT S
dfpgawEEd > B LA fRL Y 2Rk d a1 ¥
* By #ri¢ * API S0CHB -~ Biolog GP microplate ~ #g %5 &
A AT E g kg L B. licheniformis: ¥ d #5%% &

Z % B.licheniformisTHSC-1 - # 4 3@ 4 it 53 4w >

2 Williams % « (1990)d k¥ 357 &% ) <0 B. licheniformis
PWD-1 E#tk4p I - B. licheniformis THSC-1 % #} chi g <
it > & 3 [+ (catalase) &1 > 7 % § i“fs (oxidase)
A E e (motility) » § B AE S BEF RS FERET 0 RF

A Sy 1 =4
KA TE UL E SV A A IS

% ¢ fi (acetoin) > & 7% NaCl T +# 2 £ > @ & 65CH% &

e T E S E!
TRE 3 E 0%

7 B. licheniformisPWD-1 % 65 C 14} izt

£ 2BPEZLR - 4 B. licheniformis THSC-1 it {7 ¥H#) i

it}

2 RRIE* PP BT A EHEE NBE 4 NH; o 4o

AR R TR G A2 L
s B E A% (5% 0 1999)

0y

27



o s G RIEFEFYT T TR

Table 4. The report of Food Industry Research and Development

Institute

B. licheniformis THSC-1 z_ $+

Morphology

Gram stain
Oxidase test
Catalase test
Motility

Glucose utilization
Anaerobic growth
Spore

Spore width > cell
Growth nutrient BR
Indole
Voges-proskauer
Citrate (Koser’s)
Growth 2% NaCl
Growth 7% NaCl
Growth 45°C
Growth 65°C

% 2 D-Glucose A fi
% f% D-Glucose 2 # %4
2% f% L-Arabinose & fis

& B% D-Xylose A f&

i % D-Mannitol £ &

rod
_+_

+

Fermentation

+

+ -+

+ + + + + + + |

_|_

_+_

(5% > 1999)



%T'\Tﬁj;'%{,xﬁ; :}%-‘[ﬂ“;‘}n\ﬂ’}’%'}i

(- ) FI* Bz it prz Hibrde 3 & Fv frenf|* |2

B R PE R A I e By pE )Y 2 AR E A
R IERNI A eE S F S SRR E-F A1 E AU RS
(Linetal., 1996 ; Williams et al., 1990) o 4 & % i+ Fik o7
A ik Fd B 0 W B JIF 2 R ARIAR Pl X
Bd o RE L Fe B8 PR AfE o

Lin % 4 (1996) %= % & F-o feehF 2 15 » 5 £ 14 i
FE B A 0 PR TR > K T Rk By R
g4 %1000 BB 8 80T 155~ 10 A 451 90C i 7
| e Befs » Flaibend 3d fein &5 4826~ 18~22
FuE o Rt o fEH EMHL L 110100010 £ 8
o o B A B PR CHBORTARS -

BT O pH EfE A2 R > M pH B 7.5 2 F 4 K

51000 F %87 bpH B2 T @k LA wiFgRas §



42 ~ 23 vt R AER O E G fEE L B s 8485

AR SRS & F0 pFE N pH EfE TR

d 3 d Fov fs € p R4 R Aﬁv o iplr g o
L1 ¥E - l]%'a‘-@m#ﬂﬁ’- (Lin et al., 1996 ) o ‘& fix 7] 7_iv g7
PR E o R T P F R BRI 0 K T AL S
M5 100 Paend Joo pEF AL R B A B Z X S
MEF120% 0 % % 6~7 X pEA TG Bk AR 4§
OERAEMERE T OB S D AERBRERES 10% 0

4% AW 5 6090 T P enB B E R G 409

&
&
fPi‘
bai
=
i
~m
¥
v
N,
a
s
o
©
4=
&
i
i
AN
hae
E'IS
S
)
ﬁf

pE 0 e E R 208 HEAETR M pH B2 & T

(=) #3L ABASE FG fFRY 2 FFHF ]
Takami % 4 (1992) FNHER I de i o pF s [R5
%ﬁ ’ ﬁ)ﬁ A l 1E\_ /ﬁ’ik’/i—_': ’Jﬁlﬁiﬁ%—iﬁﬁﬁ ° EJ W&EE%R\Q:
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W55 RIETOREAMEZ AR A & G e o
wHry ¢ &% Bacillussp. No. AH-101 #7 2 4 2_%-v fis> H
PR BB B TR TG R IEE o F TR Y HE G
Brlg P AA PR EEEES0ml s AR (3% pH &0 &
2 11.0) 5 E 4 » AH-101 2. 3=% 5 3mg iR £ 355 > ** 40°C

TR E 2P RF KiF S Ak LI pAER KB AE

F R '—ﬂgﬁ%&, g/%'g,\/%/& » 12e3c sk 5 535nm K P
AR BARR o P TEFRH AR S c BEFE IR BE

e PIEE R E & 05 2 E AH-101 -9 f= 2 thioglycolic acid

(ZAH2ZFEY R ) - At 3 RiR? > 7 L fREER
TREAFTY T d FRRRLY o & AH-101 F-v fF
22 thioglycolic acid i#% & » g ZEEHE 3 T0CT 8% 2 |
FE o % MGl 7 OFIRAA o A fREE R R R R 5 90
Co famfEpado i B R 80°CH % (Takami et al,
1990 ) - Bacillus sp. No. AH-101 #7& # 2_ }-v %35 % kit
BE%AP 56 ] P F 2500 units/ml 2. & + )k & (Takami et
al, 1989) ¥ i * 2t 1 E b o RIS Bt~ v
AR B EARE B OK IR 0 TG B9 R T Ak dk (pH

13.0) z2Z * i¥* (Takamietal., 1990) -
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THSC-1
pH
THSC-1
24
24 pH

B. licheniformis THSC-1

Bacillus licheniformis
THSC-1
80
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B. licheniformis

B. licheniformis

B.

0 3 6 12

licheniformis



50

50

1. NH,Cl Wako Pure Chemical Industries Ltd., Osaka, Japan
2. NaCl SigmaChemical Co., Louis, USA
3. K;HPO, Katayama Chemical Co., Japan
4. KH,PO,
Hayashi Pure Chemical Industries Ltd., Osaka, Japan
5.MgCl 6H,0
Hayashi Pure Chemical Industries Ltd., Osaka, Japan
6. Yeast extract Difco Laboratories, Detroit, USA
7. ninhydrin  Sigma Chemical Co., Louis, USA
8. hydrindantin  Sigma Chemical Co., Louis, USA
9. methyl cellosolve
Wako Pure Chemical Industries Ltd., Osaka, Japan
10. CH;COONa 3H,O SigmaChemical Co., Louis, USA
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11. L-leucine Sigma Chemical Co., Louis, USA

12. Nutrient Broth Merk kGaA, Darmstadt, Germany
13. Nutrient Agar Merk kGaA, Darmstadt, Germany
14. acetate buffer

1. Model 705R
Hotech Instruments Co., Taipei, Taiwan

2. Anaerobic Chamber 1025
Thermo Forma Co., Marietta, Ohio, USA

3.
Hettich Universal 32R, Germany

4, Spectrophotometer Model UV-1601
Shimadzu Co., Tokyo, Japan

5. Portable Conductivity Meter SC-120
Suntex Co., Taipei, Taiwan

6. Beckman 6300 Amino Acid Analyzer

GMI, Inc., Albertville, Minnesota, USA

NH,CI,
0.5 NaCl, 0.5 K>-HPO,, 0.3 KH»,PO, 0.4 MgCI 6H-0, 0.1
Yeast extract, 0.1 Williams et al., 1990

pH



ninhydrin

reaction
Moore, 1968
Rosen, 1957 15,000 xg
20 2 ml
ninhydrin
reagent 2 mi 15 50
ethanol 3 mi 10 570
nm ninhydrin reagent ninhydrin 0.8

g hydrindantin 0.12 g methyl cellosolve 30 mil
acetate buffer 10 mi 4M CH,COONa 3H,0, 990 mli

pH 5.5

mg/l  L-leucine

y=0.0225x

0.245 vy
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0.5

04
‘S 03t
S
")
S 02 |

y = 0.0225x + 0.245
01 | R®=0.99
0.0
0 2 4 6 8 10

L-leucine concentrations (mg/l)

L-leucine

Fig 4. Using different concentrations of L-leucine to draw a
standard curve after ninhydrin reaction.
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B. licheniformis THSC-1

10 mi
licheniformis THSC-1
50 60 70 80 Williams

B. licheniformis PWD-1

pH

20

1ml  B.
30 40
1990

6

pH 7.5 Williamsetal., 1990

75 3 pH
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65 75 85 95 105 7 pH

10 mi 1 1ml

B. licheniformis THSC-1

pH 1%
pH 10 mi 1 ml THSC-1
2
125 rpm
% N, 5
CO, A

0 3 6 12 24
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1ml

3 Nutrient Broth 1

10 ml
1 ml pH 24
3
12 125 rpm
5 125 rpm
1 10 mi
pH 6
B. licheniformis THSC-1
B. licheniformis THSC-1
200 ml 250 ml
200 mi 1

pH
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Nutrient Broth

125 rpm

0O 3 6 12 24

pH

50 12

Beckman 6300 Amino Acid Analyzer

1 10 ml

Im 1 2ml 2

THSC-1 5

0 3 6 12 24

40

6 ml

4 ml

24



B. licheniformis THSC-1
B. licheniformis

THSC-1

SAS
1999

GLM LSD
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L~ 2%24H%
- ~ B.licheniformisTHSC-1 4 23 ¥7 j¢ £ 2_Eoif 15 2
(- ) By R R#F%

o 1ml 5T THSCL B~ (F#&H 5 107
CRU/mI)» 4 3] 10ml 7 5 19%%= 4 &% 2 £ e ¥ SR 7D
kAL 1 20C~80Cs#FF A2 7B FER (2
C ~30C ~40C ~50C ~60C ~70C% 80C ) kitfmrx -
T AaRA OGP B TRARARERS Al FREZEH R
TioE o B B4R T R Bl AT o LAIRAMB S G
B 20C~50C2L B LR A2 Bl EEF LR
Am R A ik F o A 0CHE T ik ® B (454778 mg/l )
e % 60C ~80C 2 B eni il pak & ¥ a4 52000 mg/l =
TR EINAS A BOCRHRAFT A ARAKE
(174743 mg/l )> & 82 8 & avefl e & B2 4F & 1000 mg/l
24 o B Al THSC-1 #7A i Fov fv 3 Fe i B 5 i
TSRS RERES L S RS e AR o d A

i el ALk R AR X A T FEL e fE sk Ax4F (Willams et
al., 1990 ; Lin et al., 1992 ; 3 &2 » 1995) » F]pt ¥ 103 I
. licheniformis THSC-1 # % &_4 23 * S gL % » & 50C
g4 B EA A 0 PR E T 2 B R R Willams £ 4
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5000 - O01% 01%

4500 |- I

4000 *

W
O
S
S

I
|

3000 -

| o

2500

2000 | de

Total amino acid (mg/l)

1500 - ¢

IR

20 30 40 50 60 70 80

Temperature ()

Bl7 B. licheniformis THSC-1 A pH 752 7 R i & T
AR 106 HS 5 8 75 L Rk IR R % 1

Fig 5. Changes of total amimo acid content in cultures with 1%

chicken feather powder or bristle powder that degraded by

B. licheniformis THSC-1 a pH 7.5 and different

temperatures.
" mean values which have the different superscript are significantly different (p  0.05)
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O01% O01%

(@]

Log CFU/mlI
|

20 30 40 50 60 70 80

Temperature ()

Bl = B. licheniformis THSC-1 4. pH 7527 R B ix iz T
AR 190F S A B RS de 2 B

Fig 6. Bacterial counts in cultures with 1% chicken feather
powder or bristle powder that degraded by B.

licheniformis THSC-1 a pH 7.5 and different
temperatures.

#h mean values which have the different superscript are significantly different (p  0.05)



# 41 en B. licheniformis PWD-1 4 e -

4

EEBRAZFAEE >0 - d B> 7
BRSO G AR R it BA) 0 & 200C ~50C 2 & FAfcy 2

R

“:m\L

484+ @ 30°C ~50°C 7 F#icad & 10" CFUmI 2+ » 4

LRBEBELE YA SOCR AT KB hEk ( 1.65x10’

CFU/ml # 1.86x10" CFU/mI) » & 7 £ 45 2. Flicis § »t <
Fo o AR R 60CH P FEA G P REOTE A b
80°C ehif %33 % T Fficiad¥ & 10° CFU/MI % & » 82.2% i

% o4rs A7 THSC-L gt BB T 97 5% o
R RO R AT AR R 2 Fl 0 %

THSC-1 & 50C# 2 "L BB R L o Wil flER 7}
BR AT i b 3% o a f 30C~40C 2 ¥ eh
FiBc o &2 S0CHEELE 7+ > A RIS s R 50C
A fERE A o 20C 2 60°C ~80°C chif 2 B2} it oo e

Bofgsck AL FIZER § BT FIDE L8 4§
Ar s 4 0 PR R A fs ik B +n4 7L (Boeckle et al.,
1995 ; Willamset al., 1990 ; Takami et al., 1992) - o p* %

5+
% I THSC-1 itk & 30C ~50C ¥ 11 2 & 24> S0C ;

P

Boif £ TR BRES AROER
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(=) pH E#%

IR EBRERE s Pk o ufy 7
2%k pH & (45-55-65~75-85~95-105) ¢ 1%
LB RS B d L EREG LS4 Iml 2 THSC-1
~ B O0CHEETEFOD T A K= LA FR > BHEY
Vel B EAER L > RTIHEL S4Bl 2 BN T o

RS TR ARRARE NS e o SR AR
b pHA45~85 B2 il fk R > 7 %% pH E3f4em + A
A% > BB B IR A pH 85 15693130 mg/l 0 2. {8 4

FpH B2 BoRAMER BT S B L ItA > BEAR
Rt ipnamgitgd > LI HQgLigR T2 hofps
Fo o B ERE A pHBS 1752484 mg/l - d gt T
BAapMiEr™ > THSC-1 & 35 L b B L T A 4 gk
RpLER B oA pH7.5~95 2 B awihpiik & PG fif2
2 AT hifdgieniE 29 > THSC-1 Rt f cha
f2 25 % fF o

B2 pH EMEY o d B AT g TN
¥pH @2 bt o THSC-1 chjFdic g S5 3
‘oo Pl pH BB B BB ik (F* # 44x10"CFU/mI ; g <
%5 4.68x10"CFU/MI) » r1 7 < 45 2 B B - 2 (5% % pH
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6000 - O1% O1%

5000 -

| o

N
o
o
o
I
(@]

3000 -

=

| @

2000 - AT

Total amino acid (mg/l)

9 g

|

45 55 65 75 85 95 105

pH value

1000 -

o
L e

B = ~B.licheniformisTHSC-1 2. 50C¥ % = pH & i £ T &
2 1005 45 & X 45 2 SO AR R R B T

Fig 7. Changes of total amimo acid contents in cultures with 1%
chicken feather powder or bristle powder that degraded
by B. licheniformis THSC-1 at 50 and different pH

values.

#9 mean values which have the different superscript are significantly different (p  0.05)
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O01% 01%

|&
| &

| &

Log CFU/mlI
o
|

| o

45 55 65 75 85 95 105
pH value

B ~ ~B. licheniformisTHSC-1 2. 50C¥ % = pH & i £ T &
i3 10635 5 2 5 £ 5 2 A 1

Fig 8. Bacterial counts in cultures with 1% chicken feather
powder or bristle powder that degraded by B.
licheniformis THSC-1at 50 and different pH values.

" mean values which have the different superscript are significantly different (p  0.05)
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B S R RO R R o AR RO R s £
TATRIE O RikdgtE pH £ A T hEEciv R kg o
FHAkg 2HER BSR4 0 2 pH B 7.5~95 2
FFTHSC-1 7 mgf ¥ 247 » w58 il WA RER D%

R RE o MpHBS S A& A RIS B E RS 2 pHE -

(Z) FEBAERIBAL IR
d ** B. licheniformis THSC-1 2 { {2k % 7> ¥ &5 ¥

RERE RBETAL o 5GP RAT I LA ERS

Mg
=i}

'S
Rg
\\“:ﬁ“'
©

T
my
T

BEEGE 1%L BEREL LR
% 7 #48 THSC-1 /~ & 50C ~pH85 ehig 2 T i 732 % >

TG 2BRILE - i FERERE S ENRERY

s)ﬁ(

T~

R4 125 rpm e FaE R G ¥ - PR Y RE BT
REFRIAEEE - EFO6P B EE SR AKRES

il BBz TATS RTE BB oBl4 ST

o

‘&w%&%&ﬁ“@%é’$@6ﬂﬁéé,n%&

F_L
Y
St
d ‘/
?‘\é

LA o G F ARY EET o R AR
BAeehI g o IS o P B tg R B 0 d 397244 mg/l 3

4e 31 3262482 mg/l - @ FEL ks R 4 3 164395 mg/l 0

=T ¥

—\
=

n\w

BALZRRABETIORER R
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o) 0
( 6) 1D 1a -
—je
(0 )'Ee
, c
( 6) ]C
0 1000 2000 3000 4000

Total amino acid (mg/l)

B )
(0) Loy =
- O
(6) L= 12
(0) b
(6 ) 1€ 1a
5 6 7 8
Log CFU/ml
B4 ~ &

¥ % k¥ 2 % T B. licheniformis THSC-1 4 % 1
B A gLk (A) Wik e (B) Ak

Fig 9. Changes of total amimo acid conntent and bacterial count
in cultures with 1% chicken feather powder and bristle
powder that degraded by B. licheniformis THSC-1 in
aerobic and anaerobic condition.

& mean values which have the different superscript are significantly different (o 0.05)
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ERLIE Ay sk JIRARAE > miE- B R A fED
e o TPt 0 3 F KRGS AL A REFREEE o PR
%2 Willams & 4 (1990) # HAkE T % € 7 3 LA
FRER DR A Willams £ A 305 Ftkid 3 52T
~ERE o AR ARY TR RRRARER BIR

a4 B (Willamset al., 1990 ) -

=~ % RT3V 4 B. licheniformis THSC-1 4 f# 3~ »c %

]
NN
W

R
Ll

(w,
Xy

N

PURR A R B BT RL L o fRiEARY R EZ AT R R
Frd® (23 @ ~& 12/ prr2 125rpm i 5 2 F 54
4 % ¥ 4 2 125rpm i 5 R 7 ) #F B. licheniformis THSC-1

DfERE B B 60 5 PR AEkE RAR

LR B RS S0 L R 2

d BT R 3 BRI B A 3P R
”ﬁ P AR s 4 o @ NEFRTRD ﬁﬁﬁ%ﬁt*@fiﬁkﬂ’ B
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TE A F RIS eFREF P& 0 &% 6P FFE T
10° CRU/MI % 4 o Ap s Bl — ehip vt > 3 B AT
THRIRARETHF D o IR LR A L 0 vy

32 IR E o o WEEAREARY B B R

HF GRS A RS RS PORAR DA L 2
(

®
BEVUFRAEGPEED 2 7k RT AILH A
it B LB NEFRT S NT R F FEK
S oo B R R AR Y BER 3 e 2Z BT oE S hgen
A FE> (v dEE BT T MR AL BRI 4o Bl B or B, licheniformis
THSC-1 F#icsibetg RAXB » SRR AREH e L 5 B
et 4B g k& Willams % 4 (1990) #r3x 3 : ¥ 4 B.
licheniformis PWD-1 4 j23g < < £ %5 » 4 i »c % f R4

Recnibidhl rL B o
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S c & B
75 o
d d g d
d d d
e
fff {
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0
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Fig 12. The growth curve of B. licheniformis THSC-1 in
Nutrient Broth at different pH values.
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THSC-1 for different concentrations of starter.

82



0.10

0.08

o
Q
o))

Dry weight (g)

o
R

0.02

0.00
0 3 6 9 12 15 18 21 24

Days

Bl=-+- ~u% k FE B licheniformis THSC-1 4 iz 1%~
AR A
Fig 31. Changes of dry weight in culture with 1% chicken

feather powder that degraded by B. licheniformis
THSC-1 for different concentrations of starter.

83



= s B2 LR

FRRL AL A fRRERY RS BERS PR
&’%ﬂ@ﬁéii%ﬁﬁiﬁﬂ*ﬁﬁﬁ%ﬁﬁ“’Wi
% 012 2 24 p 2 B ui=fpg > g B licheniformis
THSC-1 4 jRifis 2 Buli=ihpiz £ > Higkdrd 1 977 -

d AT P UFRBEBERELERARY 0 17 Ar%i
ez Bl E o THEFRAFFEL A R AHL
sl A B4 S EA R o 4t Williams £ 4 (1990)

2 B. licheniformis PWD-1 4 f#3g* en’ & &+ & alanine

valine - isoleucine % leucine g3 % FF I @ 3 4e > { 7 5 111U

d

B. licheniformisTHSC-1 » fj25g £ 2 »c% L i3, m A j2p L
P A R AF G 4 > PP FE T THSC-1 7 & f2ps £ > B &
Pk RIS L o M AEARY B RERL R O
cysteine Jk & 7F S{PF R 4 £ @ 3 4e > 22 Williams & 4 (1990 )
SV IL > B 24 p EEpEE M 2 cysteine k& 325

mM > & F] 5 F L A fRFGER & cysteine Jk &+ ik
Foop A9 EIEY PF o & Fov P DAL g T ETA) S
cysteine ¥ i = F-v F A f2 A p (Williamsetal., 1990 ;
Linetal.,, 1992)- ]t > 12 % A ¢ cysteine Jk & ch& it 7~ §3¢

& FIRA fRi 4 g ik



% 7 ~B. licheniformis THSC-1 fE % 1%32* 5 &2 1% =< % 2.
Bueikpz 78
Table 5. Free amino acid concentration in 1% chicken feather

powder and bristle powder fermentation medium
degraded by B. licheniformisTHSC-1. (m mole/L )

A he ik B LRE% 12 p L fE% 24 p

Amino acid
B OBELE BLE BEEE O #BEE BELE

Aspartic acid 47 25 216 220 453 386
Glutamic acid 136 65 713 576 1425 1162
Serine 23 66 487 580 1234 1179
Glycine 42 40 1060 351 3126 673
Histidine 9 4 147 36 238 79
Threonine 39 43 1380 378 4010 733
Alanine 92 23 904 202 2474 346
Proline 9 51 32 450 80 891
Tyrosine 19 12 301 108 584 138
Valine 47 45 724 400 1848 782
Methionine 13 2 178 18 270 40
Half-cystine 6 31 193 274 581 505
| soleucine 32 15 468 130 1088 187
Leucine 69 29 702 261 1574 475
Phenylalanine 29 9 399 81 799 78
Tryptophan 13 10 46 38 99 81
Lysine 57 13 510 117 1092 158
NH, 3597 2796 6070 3866 7667 7088

Total amino acid 4294 3288 13983 8106 28543 15011
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The Studies for the degradation of chicken feather and bristle
with Bacillus licheniformis THSC-1

Ming-Kuo Hsieh.
Graduate I nstitute of Animal Science
Tunghai University

ABSTRACT

The chicken feathers are the wastes when chickens were
slaughtered. Due to lots of keratin stably exist in the structure of
feathers, the microbe can not decompose the feather efficiently.
Bacillus licheniformis THSC-1 is screened from excrement of
chickens. This bacterium can live above 65 and it aso can
decompose keratin. The aims of this study were to examine the
best condition for B. licheniformis THSC-1 to survive and to
compare the efficiency of decomposition for chicken feathers
and bristles.

The results indicated that B. licheniformis THSC-1
presented the best performance of decompositions at 50 , pH

8.5 when oxygen existed. The culture approached the best
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growth condition in nutrient broth within 6-8 hours. However, B.
licheniformis THSC-1 took 60 to 72 hours to decompose
chicken feathers. No matter the degradation of chicken feathers
or chicken feather powder, the total amount of amino acid was
increased. The rate of chicken feathers degradation was 34.9%
and the powder was 75.26%. The rate of degradation could be
raised when the feathers were milled. The degradation rate of
bristles was lower than chicken feathers in the culture of B.
licheniformis THSC-1. The total amount of amino acid was
increased. The degradation rate of bristle powders was 15.7%
and the whole bristle was only 5.2%. The different amounts of
starters were inoculated to chicken feather cultures for 4 times
of total count. The results indicated the total amount of amino
acid and the decreased amount of dry matter were better than 1
or 2 times. No matter chicken feathers or bristle, it presented a
sharp decomposed curve for the total amount of amino acid in

the 12" day. After that, the curve become smooth.
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