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Optimum Conditions for the Production of
Keratinase by Bacillus sp. KN-517 and
Application to the Degradation of Hair
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Abstract A microbial strain having high keratinase activity was isolated from the soil of poultry factories of Gyeonggi or

Chungcheong-do. The isolated strain was identified as Bacillus sp. based on its morphological and biochemical
characteristics. In this study, the optimal conditions for the production of keratinase by this strain were investigated.
The optimal medium composition for the keratinase production was determined to be 3.5% chicken feather as
carbon source, 1.0% tryptone as organic nitrogen source, 1.0% KNQOg3 as inorganic nitrogen source and 0.05%
KCI, 0.05% KH;PO., 0.03% K;HPO, as mineral source and 0.01% yeast extract as growth factor. The optimal
temperature and pH was 40°C and 8.5 with shaking culture (200 rpm), respectively. The maximum keratinase
production reached to 123 units/ml after 42 hr of cultivation under the optimal condition. When the hair was
used as the sole carbon source, the maximum enzyme activity was 88 units/ml after 120 hr and in this case,
the hair added in the medium was not degraded completely but got thinner than the control by 20%.
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© 2 polypeptide chain®] supercoiled® “FEjo A o-helix
(o-keratin)t} B-sheet (P-keratin)2] T+Z2& T AlEo]
¢ SesiAl 412 H, polypeptide chainAteloll %
< disulfide A%} 443 9 274928 5] EAs)
7] wiol] vl Pgsh [2], Tl Fal adkol tigk A
&/gdo] wi-$- AT} [3]. Chicken featherS 3ls= P]A8E©]
2Y4ks= E-0]4 21 proteaseS keratinase H-= keratinolytic
proteaseZ}al SF=H|, o] 452 % compactdt 7]1ES
3| sitl= SHoll A T2 protease T peptidase$} T+
Fo] At} [4]. 28] FE8 A9 keratinasesE AY2F Al
BE B4 0 2 chicken featherS ARE-SIT) [5].
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7VE579] feather= AE8H 02 o B4 ozl
keratin® 2 =0 o} [6]. 7aF E5Fe A
2 AEE 7l Ve WY 1%, 7FEA sk
Az, B & SEE AFEE AR ok 2y 33
A ody=]e] ARV Bal A7) A D4 ofr|ieihe]
EHE o et AR E AR Al TES] &S YlollA] W
23S Yehlle @o] ot [7,8]. ol&d BHS S5
517] $1ete] mEo] BAFShs keratinaseE AMHAOZ o
S3laa} she Be mgEo] Al=FHI St [9,10].

B By, Bud B4 3307 fAE] la
HE (80~90%)°] keratin® & Fo] 9lom YHz|= A
A, 75, melanin 4, 134 (trace elements)Z ©]F0]
] 3l [9,4,10], 14~18%2] cystine oF7|=ARS- $H5-3}
31 =t cystine2] ©]33} AR ol FAAS Hof
3t 2Ede oF 5~10709] cuticle cell& FAIE o] Q1o
| Biko] 5o whet J2lehA wof Itk Cuticle cell
2]=0 2 HE epicuticle, exocuticle, endocuticle &2 =|o]
A3, FEE 59 7le2 H2s =HA S84 AmL
ZRY Bode] &8 WAk 98-S sha, &4=A
%o FEE BH2 WS Z-AT|a Ze] vpEE S F4
=t [11]. Epicuticles FEIEAEY AE2to g Rt
of £71E ZtA 3Tl Epicuticle?} exocuticle< cysteine
o] Wo| EAska Qa1 =2 wAEEe R Eelyow
31 F-9jo|t} [12]. EndocuticleS E¥ 32| 7} oFzo]
Skl e FRo= o HAbg ol 2 Azt
$H (cell memberance complex, CMC) & 3-8 2173}
BEIAS YT A TE S 9jiTe] £ T E
ATt [13]. E3F (cortex)> EHollX 7HE T3 O
2 O] oF 85~90%E Akl R)om FHMI ek
ek A5 32 macrofibrilo] T B B9 A XE
ol AYYGH ME 7t AEHR] v APz 4
=o] Ut} [14]. B A& Al ShedA|e} ArA|eh 22 3]st
OFE-2 A ZEHERAY] Bo = TS o] Bike] Tl
A F2E Ws 7= 0|2 Qe Bk &7 glar, uiE-
o] ) 1 S22 FEE QlEl Axslar FAFEE,
ek do] "ol [15]. 11 deollA ke 3lshy Ales
g A &2 US 7HEskE o] HEdE Al Al A9
gheldo] "ojx|a QA A] Ate] fA|Ho] grom ¢izhe
o] A3ttt Tk 3F e ANM o Tt ~EdE AlF
4 glelelRe] v BEE L 9AA FEIES =4 St
3 H71E XTI ARE AZA she SAIE WA
71t} [16]. T3 AR dolgt ER2ts @77} Eollow
w1 R] Bt o]eish Bike] EAIFS sldshy] S5t
keratinase & Eol| X2|shd 7}t A AW, ojunf F3]
A EJAI71A] oA B RS FE e
o2 HHAE A& §8-8 Eole A ould el
ISkt webA] 2Hs w118 A ALY HHEdESS}
2o mul A& A A Z keratinase S AFE-Ste] 23
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UE A&s aido= 3% ¢ JAth

B A7to|4= whole chicken featherE E3|Sh 4= =
=2 keratinolytic proteaseE AJAFSl= TS5 screening
S}l keratinase @] A4he #Z|glslar ko] i G Bl
2 S0 2 38 e e BaAl i wljof A B
o] F3lEe As Rl

Mz A g
Chicken feather2| Zix{2|

A AN A 4=F138F chicken featherol| A o] EAES &
el *, SHTE o83t 103 MHAT AHg
chicken featherS 60°C dry ovenollA ¢+d HZ7} HE=
3Y B 7z 7191E ol8sle] oF 5 mme] Zo|= Hot
3o HjR] AR 2 activity testE A3+ 71D ZA ARSSISITE

Keratin azure2| Xxjz|

Keratin azureS 7|22 ARS3}7] 9I5ke] TSy 73o]
ZA2ISFATE Keratin azureE 1~2 mmE At & dkz}
Apdtol] Yar HA|AAE Thste] SRR 5 mlAEkA 24

sol Eushsint.

Keratinase A2HT5-5 #2]317] Yste] A71= duje
7ha Ae7d #71E A2 F2Y] Bl A3k
o A5 2 ARSI Keratinase A = 5.0% skim
milk, 1.7% agar (pH 7.0)2 k= 1x} A8 viX|E 0]85
THAR | HB-S =2skar 37 ColA] 36A13F vl st
clear zone©| & T8 12} FE3IATE ol& T FollA
feather keratinol] thgh &850 $-58kA] &1st7] 98t
o] B Z #4F= 0.5% chicken feather, 0.05% NH,CI,
0.05% NaCl, 0.03% K,HPO4 0.04% KH>PO4, 0.01%
MgCl, - 6H,0, 0.01% yeast extract (pH 7.0)Z 3= 232}
A wiR)e] AZE3ske] 37°CollA] 200 pmOE 4847 H
ATt mi = AAE S ASHS 37 CollA] keratin
azureS ©]-83}4] keratinase 43S S5t o 7)ol A
o] 7Hg 7 IFE EElste] KN-5172F BHEHA
. = A¥E 7= NB (Nutrient Broth) 100 mL<
300 ml Erlenmeyer flaskol o] vk 3k & 30% glycerol
el | 1 12 £33 -70C deep freezerol| 4] RAs}
Aok 23 'A A 208 HES] 9 s 23k
8 HjA]E- 500 mL Erlenmeyer flask®l] 100 mL< &5
3lod 121°CollA 20 min5<t 71t A 3 3 23} Adufz)
ol 437 A uiFed 1 mLES FE3ke] 37°C 200 rpm
o] A 48417t FRt & vl



232
=HEe =3 oJ3}7] flete] 2
< olgdt HuwH EF
A SAL AES o] 838t o AES AAS &
8,000 rpmOE 15 minE¢t Y4 Eeeted A& FAE A 77| @ Ak
105CollA gafo] H == AZ3 T AZZTH (D.C.W. dry
cell weight)2 =435}, B Agof Al8-3F spectrophotometer= Hitachi model
2000 AH&3IGATE £ AR ARS-gE Aok Sigma AL
Chicken feather £3l#2| X keratin azureS ARESIOH, 1 219 Aloke S5 A
15 AloFs ARESHATH
289 75 543171 93+ Bergey’ manual of
systematic bacteriologyS 7]5S2 3lo] FE|EHH], vl ks}
A, AEery S4& AR [17]. Zzip} U pEt
=4 2d =39 =23o| 33
Keratin azureZ ©]-&3F Assay - Hi¥ZA AES ¢35} B 230 AR H2]dE KN-517 772 Fejetz] 54
o] §4-9] 2442 Suntornsuk 5 [18],%] WS HY S 9 ZhE WA E o] &g vt SAHE AN A% B
MEZ]N) 1 mLS keratin azure TFE Gram A9 3714 ol WAIERE 348
(0.01 M Tris-HCI buffer pH 7.5, 4 mg/mL) 1 mLo] FA0] QAL catalase= W40l oxidase= S4°IATH
(data not shown). GlucoseE ©|-83t 41h& FAJst9lom
HAA17]AL 8,000 rpmOllA] 71~ AL 2-A410]%]t) Gelatin, casein, starch®] 71523
5°] 2™ indole AdsAME /30130t °]9F 2
ANE Tt & o) B AP ARE-SE 75 Bacillus
licheniformis$} 7173 71718 EAL R0} Halsl 7%
4= 1%l Bacillus sp. KN-5172 %9319t

595 nmolA &4
o &%

el
A7 3 1083t BAA] w2
daleste] 71dodA feld
sl iR 284N} keratin azure
HES ¥R Hofl 1087 2R Ao= ek 28al 54
9] units= 37 CollA 13 & 71383 WES-3H w39
BEE 0.01 ZAI)E E2ES 1 wmitgkn 9ok
o]ggt EAEA o] =4
o

ZAFSIA T 284 (YAE
H7¥sted water bathollA 37C, 150 ipm o2 1A]7F -3
RACHS
e

< g

o| g
5743 Bacillus sp. KN-517 #52] @A 47 a4

ool

EtA 2l

Aol nA= B 93-S 2AVE7] Y81 chicken

feather 0.5%% H7Fslal ©AYS viAIgE 23} A ujj =)o)
7+ gk

3 7 -

[ L

28-S o] 83 Assay - 2ES

& Farag 5 [6]9] keratins ©]&3F 4384 =4 WU

121 38,000 rpm.©-
=

2 TS 0.5% H=E Jrsle] 37 CollA 484

Hl%F (200 rpm) St & WA EAEAIS ARE A=
Table 13} 22t} Table 19]4] D-sorbose, dextrin, mannitol,
sorbitol 5] chicken feather?He- - oA o = 5153

HEsle] ARSI a4 5 mLS 0.1 g9 M 7
CRilay

Uil ‘0
gol] H7fsted 37°CeollA] 1ARE
=2 ARl e ZlES AAS $ Lowry method [19]
£ °o]&3td 770 nmellA TS SAIACE

o Z:;\(_

S wo} A e FAAES Yt
B AGollA glucose= EAZA FES X a4
o] 41%=2 YERGT) ]9 22 A¥= Kim [20]19] 1.0%
S X t=

o= EAEA4J9] chicken featherTt 0.5% X7} A<t A9}
ZA et 212 aaisb ol eAYES A dEks
£ wrng A}

T ol o]AL ol ol5

Al B
B Ao A] o]gd THke Al HHdE g4 59
slehA 2e]E A3 kA ¥, EA3 Aoy ofE B8 2 A
Fdoly tholoE 55 AAIgE Aol gle 7173%th 200 o4
TS ARSI A2 Bk w2 o 2HE 9F 10 cm glucoseS 7} Al &84 9 FAAA
3HA Ayjel= golskAatk T3t Bang 5 [21]9] 23} vlws}
A& v D-sorbose, dextrin, mannitol, sorbitolollA] &do]
A Ustth= 23kels AFYsigity. 18]al Wang 52
B. licheniformis PWD-19} A %%t B. subtilis FDB-29¢]
2R geslEEe| o8 AslE wetiar
SFATh [22]. ©]Z A keratinase AJ4FS A3)| 3H= glucose

o RS
do|2 e} AR o]&3}
2]3} keratinase A4
¢} @] D-sorbose, dextrin, mannitol, sorbitol 5¢] €4

RN
T

mao| H7| &3
T A EE 24~25C, AHEE 50~55%2] SHAA
H|X]R] ok

24717 F9 Aol WAR F A Az AR P
3 F 1 BEgke 7ot

20 7}EHS- 33} digital micrometer (Mitutoyo model no.
HlE =

)
IP 65)2 2 F7|E 103] §HE S
KoM SZAFL BT 9] HOERH 5 cm AR
sk 2 F719] @AE Haslelal A3 AlEds
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Table 1. Effect of C-source on the production of keratinase
produced by Bacillus sp. KN-517

C-source”  D.C.W. (g/L)® Final pH Relative activity (%)

None 0.75 6.68 100
Xylose 0.34 4.81 69.34
Glucose 0.27 4.35 41.39
Galactose 0.37 6.52 69.76
D-Sorbose 0.84 6.09 100.31
Lactose 0.81 4.79 98.55
Sucrose 0.75 4.38 83.10
Maltose 0.86 4.67 96.14
Dextrin 0.88 4.98 102.02
Mannitol 0.93 4.29 103.09
Sorbitol 0.91 4.26 101.53
Soluble starch 0.45 4.68 66.01

D All carbon sources were added to 0.5%.
2 Cultivation was carried out at 37°C for 48 h in the 2nd
isolation medium.

Table 194 keratinase EAEA]0] EHE| =L0] T
o] §lo] chicken feather?he- F< oy Yoz tf&
288 [3Y3FAT) Fig. 12 chicken feather 7}ol uj&
a5 ke] Axfoty. Fig. 190 2l3PH chicken feather 3%,
3.5% 7oA ZEAagdo] F438] ST vl o]
pHS] WMs}= %7]9] pH 7.0014 il A4S VERH 3.5%
chicken feather®] E=7FX] 53] Z7leh= Ak HYom
Ho pH 7.87H4 S7FRIAT 248437} tE] chicken
feather &% 4.0%9A+= T A= A8S HYTh

100
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Fig. 1. Effect of feather concentration on the production of the
keratinase by Bacillus sp. KN-517. Cultivation was carried
out at 37°C for 48 h in each concentration of chicken
feather using 2nd isolation medium with shaking culture
(200 rpm/min).

Adigiizel 5 [23] B. cereusol] 2]3} keratinase FHI=
peptide”} iAo A 11ZE]ofo} FH]ETHAL SFSATE HEgH
Wang 5 [22] Bacillus licheniformis PWD-13} 2223}

B. subtilis FDB-2975)|A] keratinaset ©r-& uljz]ol| A2t
f=doar sk 22]. 28] & Bacillus sp. KN-5175
casamino acids - HRX|OA BSE A] EAEAEL 45% A=
o], glucose THIAIA FAEAI0] 41%°]0T} (Table 1).
]9} 7+o] casamino acids®} glucose A dlollA] chicken
feather Bl A]ol| B8] EASA]o] HolR &= Ao R Hol B
Bacillus sp. KN-517 5+ keratinase &= &4 Ao
2 #aEY webA Fig. 19014 chicken feather 3%Y-E
a8 o] FA3] Z718F AL keratinase £H] 7200 A3
=% 9] chicken feather7} oloF F238] =5 7] A1Z&h=
Aoz A E I 283 AR 5 23} A= catabolite
repression [24,25]9} 72 oWl 7]2}S.Z chicken feather2]
23l AHE SOl o8 AsiE e Aoz ATEULH

Xl
=

B>
[FY

o| JE

+ Bacillus sp. KN-517 9] w4 5213 G480
IS A= DAY GRS 2] 21t 1Y oy
Z|91© 2 chicken feather® 3.5% 713t 23} Adufx]o
7t A4S 0.1%7F H=S H7tste] 37Collx 48A13F X8
wjokste] Al A 2ALe AR Table 29
2o} F71AAYCZE tryptoneS H7IEIAS W] §48A4
2 74 Z20] 7P <7390 peptoneS 7 15FAS wl
oz & A} eyt 12480 25 KNO;E A7}
SHAS W a4 T A S2lo] Holwkem NH4H,PO,,
(NH4)2S04, NaNO;, NHsNO; S AFE3IS woll= chicken
featherS - Y=o E A18-3190S wwc) E493 74
Z2lo] WA YERIT (Table 2).
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Table 2. Effect of N-source on the production of keratinase
produced by Bacillus sp. KN-517

N-source?  D.C.W. (g/L)? Final pH Relative activity (%)

None 0.48 7.02 100
Beef extract 0.41 6.35 79.15
Yeast extract 0.37 5.94 58.41
Tryptone 1.21 7.41 137.90
Peptone 1.06 7.31 116.05
NHsH2PO4 0.23 5.48 10.44
(NH,4)2S04 0.34 5.88 53.95
NaNO; 0.47 6.15 82.83
NH:NO3 0.29 5.41 30.90
KNO3 1.23 7.06 105.90

DAl nitrogen sources were added to 0.1%.
9 Cultivation was carried out at 37°C for 48 h using 2nd
isolation medium containing 3.5% feather.

o]:= Rosa [8]9] kerating I3 AA o7 AMESIT)
= RHaeh= Ao|sl9it) Table 2914 NHs, NO; $H+ F7]
B FA-UEo] B tryptone, peptone2] 7] HAHoM &4
o] 7k B0 E Rt A o590 #7] i o]80]
2olt37]| wiEo 2 AZFE) B3 tryptone©] peptoneH Tk
g0l & AL peptoned 1, 117] 52 A
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W aAg Falet T TRV el o tryptone
casein< protease trypsin®. & 33} peptides 5] T
Eo] Qlo] AR 3hol] 2AAPO|R Rt AR AZE:
:Llﬂ_]-]_ NaNO3°ﬂ Hléﬁ I(NO37}' ﬁ%}\éol }':—'i'% ;i% NO;
ol 29 dilo] Fasht F7]o]2 & Ko|2: Hash
RO = A=A

webA Table 29 A3E nigto g2 f7|d4go g2
tryptones ARE-3t AL F71A oA F-7]0]
221 KNOsE AHg3te] Z2he] H4 w55 3743 23
Fig. 29} Fig. 33} 2] tryptone 1%, KNOs 0.5%°l4] 2]
o] &4 oA S21S Btk B4 ALk s
Al & pHT tryptone®] 7-- 7.28 % KNO; | - 7.58
< Uehfilom 37} o]9]o] aAgAdo] 7P W 3%
7} A1 Z¥2k tryptone®] - 7.113 KNOs 9| 73-¢- 7.03.2
2 Zde Ads BYth

Fig. 204 &40 tryptone 1%°14 7P =31 11 9]
ole Gojx|= Ao Z VERIET] o] 58491 keratinase
7} tryptone 1%7HAE EAF=0l E%0] HIJo 1 o]
2+9] tryptone FEONAE o] AEE E3|Sk= keratinase
So)% tryptone®l] gH+-E AEA} peptide 5= o] & 5=
RoEE FAo] "ozl Aoz A7tE ) [23].

7123 Fig. 30X ®HA dAlsEe)l a4 vl
A7} vehdth o]31& KNOs7} NOs ©]2% K o0&
TABS AHAQ GFe A= AR 0.5% 7=
ASE FxIeht 1 odelxle Aaliste] A5 278 %
7} = Ao Holr o e} a4tE Hshe Jlos
AZFE Aok Bk 23] of7]ehd K o]o] &) A] NO;3
o] 0.5%7HAE A5 FX1etH 3484 E 1] wet
S7e Ao E AZEAY. 283 Bang [21]9] Eao
A% KNOsol| &3t 84843 dAlsE Atelo] A=
Fig. 33 A9] 22 ToFe Bk
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Fig. 2. Effect of tryptone concentration on the production of the
keratinase by Bacillus sp. KN-517. Cultivation was carried
out at 37°C for 48 h in each concentration of tryptone
using 2nd isolation medium containing 3.5% chicken
feather with shaking culture (200 rpm/min).
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Fig. 3. Effect of KNO3 concentration on the production of the
keratinase by Bacillus sp. KN-517. Cultivation was
carried out at 37°C for 48 h in each concentration of
KNO3 using 2nd isolation medium containing 3.5%
chicken feather and 1.0% tryptone with shaking culture
(200 rpm/min).

&g FE

£ Bacillus sp. KN-517 19| oA 5217} §4-840
HXE 54599 TS AR 98k 259 A9l
31 chicken feather 3.5%, 1.0% trypton 12|31l 0.5% KNO;
5 et 2aF AEuiRle] E 3459 247 0.05%7F
He2 Hriete] 37°Col|A 48417 FEhloks & A%
7 G484 AR A¥= Table 37} 2t} Table 39
oJ5Pd KCI2 71898 wl aaiiite] 718 9531tk
KC19) 5ol tlg BeS Fig. 49 2o] KCIS 0.05%
718l e W EAgAd0] 7 Skt v ekele] pH
Hsh= HA 741004 4 4o 78 9535 s=elA
Hd 7.697MA2 FA3 WslE HolA= &Uth

Table 3. Effect of metal ions on the production of keratinase
produced by Bacillus sp. KN-517

Metal ion”  D.C.W. (g/L)? Final pH Relative activity (%)

None 1.08 7.05 100
AgNOs 0.26 7.12 43.66
NaCl 1.23 6.48 81.16
KCI 1.52 7.34 111.62
LizSO4 - H20 0.47 6.71 65.74
BaCl; - 2H.0 0.31 6.52 42.20
CaCl 0.84 6.49 33.16
CuSOq4 - 5H0 1.02 6.15 31.81
FeSO, - 7TH:0 0.89 6.42 97.07
HgCl2 0.11 6.21 90.74
MgSO, - 7H0 1.18 7.26 94.28
MnSO, - 7H,0 1.27 6.40 37.17
ZnS0y4 1.02 7.03 87.82

Y All metal ions were added to 0.05%.
2 Cultivation was carried out at 37°C for 48 h using 2nd isolation
medium containing 3.5% hair, 1.0% tryptone and 0.5% KNOs.
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Fig. 4. Effect of KCI concentration on the production of the
keratinase by Bacillus sp. KN-517. Cultivation was carried
out at 37°C for 48 h in each given KCI concentration
with shaking culture (200 rpm/min) using 2nd isolation
medium containing 3.5% chicken feather, 1.0% tryptone
and KNOj3 0.5%.
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Table 394 KCl H7P} €4849] 71 953515950
°]= MgS042} FeSO. & 371sISks wf &4do] vk
Page 5 [26]9] Bilol= ZJolgt AFjolth o]e dF }o]
of o3t Aoz A7 E QL) Fig. 404 ¥, A=
FAE0] KC1 0.05% A7} Al E4840] 78 94519
3 1 9ol "WolHed F FEE olur) 7 =dTh
o]yt o= wANS] K o] B a3} Fig. 39
0.5%%} Fig. 49] 0.05%%E 3 0.55%2] K o]&o] dA4AY
S B4 HFololA] el Azbetar 7=l
1231 KCI 0.06%° )30l dAl 57t HojAaA a4
FA L oL &3] HojRed ol A E=8421 keratinase
ol A FEo] Kool vig- 583 J3s & Aoz
R} E3F Table 39041 Ca, Mn, Cu, Ag ©]22] 75l
FAE0] 30-40% = Holxl=t] o3l o] 252 4
=5 Adfel] Yehd A2 A=Ak Bang [2119]
HIME KCl F%5 W= Bacillus] ketatinase /32
Fig. 49} fARRE FEIE B o) Ag o]29] 74 8484
o] 10% ™AL, Ca, Mn, Cu ©]2¢] A= 50%-80%TH]
FAEHE HA o] TR/ wE B == K gE
LS B ol dF 2ol AZAE A

B 2&E9o| FE

£ Bacillus sp. KN-517 2] vljf &0 mE 7415
27} BAEAS AR flste] ZF EollA] 48AIKE vl
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