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Bacillus sp. FK 14 eianleiinsfiuagagn dalnafl 72 uensilszney
Fumulritu (feather meal) 1 weRfudifuduamsmluanoznadesield maiunes
fnvasansdudiu 7.5 Srsniame 150 sausewTuazgaumgil 37 asAadus
wulmilasfmagninidntudeas Utrafitration TagLuiLsUuI08 10 kKDa UasAN
pznawaulnifonindewenlufeudamaiaudnieeanis 40 wefidud ewlnlgni
TiLFgnidaupadid DEAE Sepharose 2 pfa Ul AumFanianAsnssuienlasl
$1m1z 104 giaAeRadnin TATWILFENERNTY 41 Wih uasnands 105 Waiud il
u?aw%ﬁﬁ’nwmnﬂﬂuLﬂqm&"mmmm 35 Atamasu A iflunsasisuazgumn o
ausefanssureneulsd Ae 8.5 uar 60 asdraiiuantuansu wulmilanuasialudo
AaNllunTnsng 7.0-9.0 uﬁ:ﬁ.ﬂ‘muqﬁ 37 sy AL g mu‘lﬁﬂt_}nﬁuﬁqﬂﬁﬁ“‘s‘m Al
phenylmethylsulfonylfluoride (PMSF) EDTA wuat lodoacetamide 96, 62 wax 22 Weditust
AINRAY Lﬂu‘l-nﬁﬂmmfhfaq‘lumw serine protease uaywLdaeuTaslanzdotAnAa
nssureaeulelanams M’ uaz A™ uasgndudanisinaudon Fe* aulafannsn
deonsarelilsiufiaranaunléun casein, gelatin, BSA uaz elastin A7 relative activity
100, 79.5, 76.5 wax 3.6 Wefidudrudrduuardenaane st liaranoiiléun

coltagen, human nail, keratin azure, chicken feather waz human hair AN relative activity

35.6, 16.35, 9.0, 5.1 ua¥ 2.8 wefidunmuaisiy



Abstract

Bacillus sp. FK14 produced an extraceliular keratinase in a medium containing
feather mt-aal as a substrate at pH 7.5, 37°C and 150 rem. The keratinase was purified
by ultrafittraton {YM10}, 40 % ammonium sulfate fractionation and two columns of anion
exchange chromatog_rgaphy (DEAE Sepharose). After purification, the keratinase
exhibited high specific activity (104 U/mg) with 41 purificaton foid and 105% vield. The
enzyme was monomeric and had a molecular mass of 35 KDa. The enzyme had
optimum pH and temperature of 8.5 and 60 °c, respectively. The enzyme was stable
over the pH range between 7 - 9 and stable up to 37°C. The enzyme activity was
inhibited by PMSF, EDTA, and lodoacetamide at 96 %, 62 % and 22 %, respectively. it
indicates that the enzyme is serine protease. It was stimutated by most metal ions
except Fe’"and had the highest relative activity with Mn" and A" Keratinase was
capable of hydrolysing the soluble proteins and insoluble proteins. It hydrolysed soluble
proteins; casein, gelatin, BSA and elastin with relative activity of 100%, 79.5%, 76.5%
and 3.6%, respectively. It also hydrolysed insoluble proteins; collagen, human nail,

keratin azure, chicken feather and human hair with refative activity of 35%, 16.35%,

9.0%, 5.1% and 2.8%, respectively.
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NINTLITHN08 50,000 - 80,000 diusial! awlimaridssnaussdsiudseanos 85
wlefidus Tedrulunidulilsiulassafredudaudssiomiasmiu (keratiny TusAudszinni
gasansldonuszvingzanlulFumuneiansnanmesedwandau
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diesanauldldsmnroteeaarasaeulnitasllsfunlniindegluseaniaaes
1
wystuacdnd dniauldliannsodmnduingdudruivamsdnililnuasausasiinng
wlsgdaulinew msudsgtoulndnliasvinlastrunssusunisdannfauiazanusiugs
szu70 130-150 BIANIAITEA uarATHAY 30-50 Uaudsaainatia hiaan 0.5-2.5 49
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WINMARLNQRUNTE Bacillus sp. Wwiminawe 2 ans AUTTRIMINRLAITS
Alsznaudiag NH,Cl 0.05%, NaCl 0.05% , KHPO, 0.03% , KH,PO, 0.04%, MgCl,
B6H,0 0.024%, Yeast extract 0.01% wazauldviarulitiu 1% favradasey 150 sau
AAUR b gruugil 37 aradus e 1-2 W Ansiaszimassysuln
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Asnnelumausnieulniinfansazgnuonnld ef nsanmznausas
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\NA8 ammonium sulfate WALAEN1IN column chromatography $94Y3 membrane
technology Aamsiinliiseulnitliauidgniguaruandngaaiunsoazirlllsyyne
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rulndadursavdefinlisnmuilaaingmarunssuudlealin suldfinsflsznamdiu
TsBudszunn 85 ulefidud Gedndlnmidhullsiulassairefudoutsznmanmiu
(keratin) vuliauiragnusglaetinunssusunisldaaneunararumuge Ussunu

130-150 B9A 48 F8R wAYAINAL 30-50 Yeudsensaiin dunan 0.5-2.5 49l Tving
lusassrulivu (feather meal) iatununsdnd athalsfrmnisnderulnidudedldan
1‘31’@"1ﬂqalum?ﬁméﬁLﬂ?mﬁﬂuﬂ:@ﬂmrﬁmﬂ Lm:ﬁ'zﬁ'ﬁé’mﬁmliwé’wmqqﬁﬁlﬁm‘lﬁqcy
AsanuAwNlnTRINITLNE a3 niseriitusuiiuineaie
nnsldauleinnaduiaddsnsuilslunisudspUdngRumanininwes o
Usslomlunzilyasadtu iasnindamsiidfese Tildndargouas il fioneia
puun FofuddliimenRnfusildannisulgd Taatuneitasinine e
Fneenand awdnedomalulaiinszaesndrsud ifusumuqdunidanaiuiten
aaroaulidmouvil adwiddiinsmannsondmewlasimrmmnsiaduenlnities il

Aal A aniantBrensulsiipAuanqaunitsaihdainalauandudeys

Le

wugrulunaslfieuladdenmuliediulsy Tunddeld
FENISNAAD

anefufqauYTEN LA A Bacillus sp. FK 14 Tedausnlfainfuussiinouainisn

Tuntrtengaruantiuasnanieulslinsdiug (Pissuwan and Suntornsuk, 2001)

e o

2. mssitvdedunid

W L"';ﬂfg%uw?ﬁ SN Msians Bacilus sp. FK 14 lurangLlanyiiussqgains
@uadeflsznevudng NH,CI 0.05%, NaCl 0.05% , K,HPO, 0.03% . KH,PO, 0.04%,
MgCl,. 6H,0 0.024%, Yeast extract 0.01% uazulitu 1% (pH 7.5) FnsiEe o
aumndl 37 asmaadea Fnnadaren 150 saudeundt Dunar 13 delildBum
qdunlsznin 1x10° ad/Aladdns
3. nasadneulmiiambiue

'Lﬁiﬁ’m?%afg%w?‘ﬁ Bacilius sp. FK 14 UFn1ms 40 a8ans (2%) Tudaudnaue 3
Amg (B. Braun $4 Biostat B tszindieesiiu) ﬁua‘sga*mwa??em%aﬁmm 2 Ans Mlsrnew

#nel NH,CI 0.05%, NaCl 0.05%, K,HPO, 0.03% . KH,PO, 0.04%, MgCi,. 6H,0 0.024%,



Yeast extract 0.01% uazauliviu 1% (pH 7.5) 1n1nides ol gruvgil 37 aeangadas
=l -] ' =4 [ 3 =] - =% = = =t g
fimudarau 150 saudevh huean 344 viamslimeinaseioRuineesaunsd
=, '3 Py ﬂl' - |1 - = & -3 rd' - :
nanssntesaulnlinmfiuaficdaldannadundd wazfususrueulniindsu

o« a a o
4. msusneulniinmsiualiusans

=,

neavaulmifnanlfdounszanses Whatman wef 4 wazmpuioidalan
AINFITBL 8,500 x g Fanindl 4 asasadus Tunan 15w wnsfumsusadoula
(supernatant) waziAlduiuauseas uirafitration taeldiEe@ensuiil molecular
weight cutoff 7 10 kDa (YM-10) uaranaznaulsiudoendeuanlufiandamnd
wefiduiarafasising 4 (20, 40, 60, 80, 100%) Arnutiezneulissuluindmnaesan
$iati3s dialysis Tt 140 dialysis siag Tris-HCI buffer pH 8.0 miunanrazane sy
HIUARANIE DEAE Sepharose 111# 2.5 43.x30 1. 1aeld 20 mM Tris-HCI buffer pH 8.0
' eluent wazlginfelnifenpastss 1 M faudasde 12 Nad@nssauy o aoungil 4
aermaEnas thdinanueulninmiiualliiuaedinl DEAE Sepharose 1119 2.5
131.x 30 3. Ieeild 20 mM Tris-HCI buffer pH 8.0 i eluent uarlfinfaladenraalas 1
M Fadmenta 12 Nadamsseuniianmia
5. nIAmasauAsLFansradeulniamRlus

5.1 SDS-PAGE (lAa®a 12.5%) (Laemmii, 1970)

5.2 Native PAGE (ta8 10% lanay SDS Waz run 7 4 aseaiFua) (Hames,
1998)

5.3 SDS-Active PAGE (138 10% 'ﬁ'maummﬁu 0.5%) (Houssen and Dowdle,
1980)
6. msAnmpnaNEreueulsdiaT fiua

6.1 ﬁmﬁniumqmﬂmﬂmﬂ inedan] gel filtration 2w 0.5 931.x 90 131, U9
Sephadex G 75 Tl 20 mM Tris-HC! buffer pH 8.0 fandnsuda 15 Nafdsssauni w
U 4 peATiaadea uar SDS-PAGE (Laemmili, 1970) -

6.2 AnMNAUsE pH Fmnzanseianseuvaaoulaiam fus

6.3 AonuAsnaadeulniuaniazuIndansingg Wi 9oumnil, pH, protease inhibitors
Lazaineaslansuin

6.4 Anmanzanzasraneu il Reduarnlisie Taun gelatin, casein, BSA, elastin,

soluble keratin, keratin azure, collagen, human hair, human nail LR outn
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7. NISATIET
wrdaatianulimindauqdunitinunisnsasdaanssamneas Whatman ¥ungiat
AJ 1 r 3 g [ L d -3 4 oy T -
4 (MHAUNTHATBULAENTILUIWENLEY) LABINURIUTBUUNAY WD (1) WATIEMNITIRTTY
v 1 1

ALIRTR9AUVTE AL TS MOULLAT BUUNEMIS nutrient agar INMILTIWWAEIduTa9
WMAIATEAIMITITEY 14,000xg uddifudaulaiie (2) TinrsiFuraneulniirsiualag
Qﬁmﬂm Letourneau et al. (1998); umau‘l.-nuﬂ?mm 0.5 1@, MU keratin azure (Sigma
Aldrich, Germany) 4 un. 14 50 mM phosphate burfer oH 8.5 133R3 1.5 ua. 7 60°C
wAzIPENR 150 sauseuf W 1 1. kardanrganduuasi 595 wlumandieufuganon
AninanaeulnidiearmiannewiUiTuiu keratin azure Tnad 1 wilanresfianssy

' = N rﬂj -3 7 = .s' a: 4:
wultiiasBiua Aearuaisnrsneulsiivinl¥nisganauuai 505 ulumnafingu
0.1 Twaan 1 1. nelFaniasineasy (3) AaseiBunulysdulna3snisres Lowry

WAZAME (1951) (4) tmsziFurtunsaacilulagisnnsaes Rosen (1957)

HANITNARBIUAENNTIATOINA
1. nsedneulaiingBiiuaainqdunsed Bacilus sp. FK 14
ARWNTE Bacilus sp. FK 14 anuasandmeulmiiessiualudiamsaiunisaio
Gule fauamnalug® 1 wwlnTgnnastulugas exponential phase uaxildngeqaie
3.67 U/ml AmiluAn specific activity (iU 1.72 Uimg a3 maamﬂa"'mqauw‘%‘ 11
Lau"l.ﬂmLﬂﬁ‘ﬁmmﬂmauwmuuﬂmmmulwmﬂﬁuﬂnvnaa (99%) atnalsfiniy qaunded
Bacillus sp. FK 14 uaw.@u’l:ﬂmmnmu@"lé‘lﬁeﬂmn mmmmsﬁnmzjmi‘mmﬂ'gmwmm:
amq:mﬂgmﬁmmmu%w%‘uuﬁm@ﬂm;Tmmﬁmamngﬁum?zﬁ
sanmsAnmaziivdnnulituluewmsidsaBearnsamiioninli Bacilus FK 14
naseulriiasdiualiudeutuassnla (feather powder) waziduny (Cheng et al, 1995;
Lal et al, 1999)
2. nsusneulTiArAiuaaInafuyid Bacilus sp. FK 14 Wisquis
\aulnaiias1FiuasInq@uvitl Bacilius sp. FK 14 mmmﬁﬂﬁ’u?qw%ﬁmmhw;”u
AauAIi
n. Ultrafiltration \iavinfialsfduduty
1. snaznaullsfudnindauantuisudamn (mmead 1)

. wunluzfu@as anion exchange chromatography (DEAE Sepharose) 2 A%



L 8 A » B ‘J
nansuamanlniiamfiusiuredudlamiinnsiuanlugh 2 uar 3 uas
arursoaglladeuanilunisei 2
L] ; -
avsaratelaulnl (crude enzyme) g liidntuaulausa Bunasenaieultds
7ran0u 3 Wn fatAdes ultrafiltration AR LAMNALLINEUA 10KDa Bt lsimnAIw
- J [ ] bl ! o ! y L
UiavizeaeulrifiravinRuudnanananaanin (15799 2) iesainaraiinulelie:
=l t‘ L3 } 13 2 d' = e D) 4“ ¥ . o " o
WsdugdaunisgminaedaeiaulafusfieaiqdunTdndniu viawulsdifamsoeasaes
) . = J 1 A‘ < mnl' [ :; ’
(autolysis) Winan1aswIadaNn i zan (Mmenawisnnfulihviegouuniifbisinans)
A: L (=1 = i &
wananiaulsduaslsivenanisfiauuusiusisisusioe
nsenaznauldsiusamndaieniuivadae wuilusfuhnnnznauianuis
B ) T & o« oo d = . .o ey
Faadinde 40 wWefidusd fanssuressulsiiasfiuagean (specific activity Iam) usis
1 b -
I lifanssuesenlsdanaenniauaiudumem ultrafitration WaEAIINLTANTTE

voulrilivianau Iuduneuls 3% alcohol fractionation 81agnlfunuiiNefnAINTNELe9

wuladls

L3
[ o

B
»
TURBUNNTUEMATIRLUARIE anion exchange chromatography A5T 2 amsol

LouARBATIGARE 105 WofiFud LLﬂ:ﬂfJ'\uu?*fgﬂ"ﬁrLﬁu‘%u 41 win iWlesannduneuilinga
Tshudaulunjesnlyl aasndelsiniaansdudefanssuasaeulnidoeg feinanssy
aaaeulasidaulualdin1ziu DEAE Sepharose iierindawilrinu cation exchange
chromatography (CM-Sepharose) tawlsiliiimziusia resin i Fahularaniares
L@u‘l*nﬁm'aﬁﬂs:f-gﬁ@ﬂu‘s"a‘l:iﬁﬂs:'g'luamq:ﬁwmm 3% hydrophobic chromatography
V38 affinity chromatography 87agniIN e e fin mmu‘?‘qﬁiua:wa nARvaaiaulg]

diaieulaiasRnadiirudunan anion exchange chromatography A 2 1
naaaL SDS-PAGE, Native PAGE uas SDS-Active PAGE wulsfiuunuisauuisuag
SDS-PAGE (31l 4) uaz Native PAGE (tellduanag) Wssuuonuianansatamaaniuw
usiuiaa SDS-Active PAGE Iiluunula (WlFuansgy) wamalfidudneulsinsfad
raw 4 Sumeudananaiipnanians
3. pruantRvaeulminrBiueFgvs FK 14

Lﬂﬁlﬂﬁﬂﬁﬁ%ﬁ?@ﬂﬁﬁﬂu"m SDS-PAGE (511 4) wurdnaulesiily monomeric
fiminluanalszann 35 kba TaiAIndFeeuiminTaneveasulafiamfuaile
Anudaeas gel fitration (Uszunns 35 kDa; 71l 5 1, 2) viwinTuanareseulsfiami

AN Bacitius sp. FK 14 §A1ndiAssiuiiminluanazsaeuleinebiiuasnn Bacilus



. . . < v
licheniformis PWD-1 WAL Streptomyces pactum DSM 40530 Fafisneuldusennos 30-33

kDa (Lin et al, 1992; Cheng et al, 1995; Bockle et al, 1995}
eulmiATIFLaan Bacilus sp. FK 14 fignmpiifinuncande 60 asAgaioa

a

(gﬂﬁ' 6) LLﬂ:_pH AMUNTANAD 85 (gﬂﬁ 7) Balnd Anafuseaunisise (aeed 3) Taed
giaresivieilinadefianssnreveulsdiasiiug

@ulnilAmFiwasan Bacilus sp. FK 14 ﬁmqwuﬂaﬁqﬁqmug@@awﬁﬁn (U7 8)
wazilannaneiialudas pH 7-9 (3U7 9) qzuﬁudqL@Jui-nﬁﬁmmmﬁoﬁ@muqﬁmunma

=l

wiRINATOtian substrate laangumniige lusnsillannuasialude pH nd1e uastan

substrate 1R pH Wusnudniias

]
=]

ANNTANEENIEL AT RIaW L1893 PMSE ﬁuaﬁi@msﬁu&muhﬂmﬂmﬁm
(et 4) unmsiaenlasliasRuaann Bacilus sp. FK 14 tnazdpetlungx serine
protease \iasmnieulnllunguiiinsnesiilu serine ot 14 active site Lm:mmﬁ'ngné’ué’a
nuans PMSF Taeanstiuiunseesiily serine wildinsmesRTuganantliatunsovii
Ujizaiunsaeriluresduasals wens niwuiRansraresiatesd wsRuadoulng
anpsdanan? EDTA Fudluarsdudaenlnysanario metalloprotease mafudaeule
Lﬂmﬁmﬂa’hﬂma‘ﬁ'ﬂﬂmﬁmaﬁ?wmmqﬂ Towatana et al (1999) WaL Bockle et al (1995}
(s '

duunsdudefanssuraseulniianiiuadiniesurelavenadn Fe® (ferric
ion) mﬁ@n?swmmuhﬁuwdw Ltﬁi%faﬂumﬂwzmumm’muW?nn?:ﬁuﬁfanﬁmm
wulnlasiawizatinegs Ca2, M2, AP (AN79H 5) %mmﬂé’mﬁumuhﬂunq‘u serine
protease F9AanssuatNsagNIEEUFIY Ca > Mn® LAz Mg” (Towatana et al 1999;
Riessen et al 2001; Okamaoto et al 2001; Kumer et al 1895) Ltﬂ:Nﬂmﬁ‘Mﬂﬂﬂeﬁﬁmam
Adaafunsiudaeulmidasans EDTA do

wwlmdieeiRuagann Bacilus sp. FK 14 donlusiufiazanailad anfi casein,
BSA Wat gelatin uazaunsatiosTsiuiliazanainigy @y wazreaaauldAnaauass
drfunliuazdun wulnlamfuadesldlifon fuamusluansed 6 casein gn
desanntldingadlafiouiulsiiuiu 4 vurfiaeaaaugniesiEafigadmiulysiuit
sranstn nsteulninmBuadsesniliwesduan i desnisumsn e

aFadusadnariusy lndalng



14

nstszansldioulninsmBuaanniadwnse Bacilus sp. FK 14 lugnaunisy 244
Mintfinenasnsneeusulsisaunig pretreatment duiasmtssiu viu auld By

Wadu wazrudnd wWiamsldindasadlanufadinnsysunmsinauanaouled

d = L = L4 =y =t .
A1919N 1 ﬂ"lﬂi‘i‘u'ﬂ‘ﬂﬁlﬂull'ﬂﬁdLﬁ?’]ﬂtuﬂﬂﬁdﬁ!ﬂﬂ:ﬂﬂumﬂ‘ﬂuﬂutu e udaiWm

" aonadin Volume = Actlivity Protein  Total Protein Total Specific Activity
Funded {ml) ({iml)  (mg/ml) {mg) Activity (U} (U/mg)
Fin(%)
0 455 6.68 1.3 594 3012 507
20 46 532 0.56 26 245 9.42
40 46 13.05 1.06 49 600 12.24
60 46 11.33 1.38 63 521 8.27
80 48 3.87 1.66 80 186 2.33
100 521 0 0.43 223 0 0 _

Fl'l‘ﬂaﬁ 2 Purification table of keratinase from Bacillus sp. FK 14

Purification Total Total Specific Purification Yield
step Activity Protein Activity (fold} (%)
W) (mg)  (Umg)
Crude enzyme 8,226 3,240 2.54 1 100
Uitrafitration 3,129 1,229 2.55 1 38
40% (NH‘stg4 496 485 1.02 0.4 B
) DEAE 1 pool 1 4408 _ 148 29.68 1.7 54

DEAE 2 pool 1 8633 83 104 1 105
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Microbial source Optimum temperature Optimum pH References
(’C)

Baciltus licheniformis 50 7.5 Lin et al (1992)
PWD-1 _ Cheng et al (1995)
Fervidobacterium 80 10.0 Frienrich and
pennpavorans Antranikian {(1996)
Streptomyces 65 8 Bockie et al (1995)
pactum DSM 40530

40-790 €-9.5 Bressollier et al

Streptomyces

albidoflavus

(1999)
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arfiuel AN siimaesdatiud Relative Activity (%)
(mM}
None - -
PMSF 1 Serine protease
EDTA 1 Metalio protease
iodoacetamide 1 Cysteine

protease




d <x = - -
A19199 5 naresseaureslavssenanssurevauliipsRiug

fasuraslany Relative Activity (%)

None 100
Mn®* 176
A ) 174
ca® 160
N 151
Hg® 148
Mg®' 137
L 124
zn” 117
Fe™ 65
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Substrate Relative Activity (%)

Casein 100
Gelatin 79.5
BSA 76.5
Collagen 356
Human nail 16.35
Keratin azure 9.0
Chicken feather 5.1

- Soluble keratin . 4.7
Elastin 3.6

Human hair 2.8
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Keratinase is a proteolytic enzyme hydrolyzing keratins which is an
insoluble protein found in chicken feather. This enzyme 1s potential for
improving nutntional values of feather and for removing hair in the
sewage system. Recently, our group isolated the bacterial strain of
Bacillus sp. FK14 able to degrade chicken feather. In this study, we
purified its keratinase and studied its enzyme properties.

Crude enzyme was prepared by cultivation of Bacillus sp. FK14 in base
medium contaimng (g/1): 0.5 g NH4Cl, 0.5 g NaCl, 0.4 g KH,PO4, 0.3 g
K ;HPO,, 0.24 g MgCl, .6H20, 0.1 g yeast extract and 1 g feather meal, at
37 °C, 150 rpm for 72 h, The crude enzyme was purified by ultrafiltration
(YM10), ammonium sulfate fractionation and two columns of anion
exchange chromatography (DEAE sepharose) with 20 mM Tris buffer,
pH 8.0. The punified keratinase was determuned for pH and temperature
optimum and stability, and tested for enzyme inhibitors (PMSF, EDTA,
iodoacetamide) and various metal ions (LiCl,, AICl;, ZnCl,, CaCl,,
MnCl;, NiCl,, FeCly and HgCl3).

After purification, keratinase exhibited high specific activity (104 U/mg)
with 41 purification fold. Its molecular weight determined by SDS PAGE
was approximately 35 KDa. Its optimum temperature and pH were found
at 60°C and pH 8.5, respectively. The enzyme was stable over the pH
range between 7 to 9 and stable up to 37°C. Its activity was stimulated by
most metal jons except Fe’'. The enzyme activity was completely
inhibited by PMSF and partially inhibited by EDTA.  Substrate
specificity and amino acid sequence are under investigation to identify the
protease class. ’ ‘
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