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Optimization of Keratinolytic Protease Productions from Bacillus sp. SMMJ-2. Park, Sung Min and
Tae Shick Yu*. Department of Microbiology, Keimyung University, Daegu 707-704, Korea — Bacillus sp.
SMMIJ-2 producing extracellular keratinolytic protease was isolated from the Swedish soils. The optimal cul-
ture conditions for production of keratinolytic protease by Bacillus sp. SMMJ-2 were investigated. The opti-
mal medium compositions for the keratinolytic protease production were 0.7% K ;HPOy, 0.2% KH,>POy, 1.0%
fructose, 1.2% soybean meal (roasted), and 0.01% Na,COs. Optimal initial pH and temperature for the pro-
duction of keratinolytic protease were 7.0 and 30°C, respectively. The keratinolytic protease production
showed a maximum of 105 units/ml/min after 72 hours cultivation under the optimal culture conditions.
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Keratin T2 8} 713} A4 ¢l AL Fof 53] o=
B4Adojm gt UuEA 9l proteolytic enzymes?! papain,
pepsin, ¥ trypsin 5ol &J3}ed A Fal=HA] vk A
ot} F= ZEd =, B ¥y, e, &F, 12al ¢
a9 58 A AoE od#A keratin® 8], 38HH, 1
g2 e o ulg gt FE2E 7IRE AR oY
A sle1]. ol# 3k 5A-Z @A) 73 o EAfshe
cysteine disulfide bond, hydrogen bond, ~Z8] i hydrophobic
interactionel] 2|8 A2 A Q2] 7teF = 29
ZEol EA3l= keratin T2 FalFo] =¥ 10,500
dalton A=, o} xAl 37]2) 7% A=} sulfur-sulfur
bond B cross-linkingel] 2]3}e] cysteine AgS 3= A
22 e oleh[3]. E3F olmlxAl F7IMYEY BAHE F
3l  keratin T A 40%2] hydrophobic chemical
groups2} 60%2] hydrophilic chemical groupe-2 T4 5]
A sl A QITH4]

o]} Zro| whEafAdal kerating 83} A7) W LR
Ak}, IS ARESle] disulfide bondE BB &
44E& F4AZ F, disulfide bond7F A e T Al o
pepsing 2 eldted 88 3 o gl A=A 9lem[s, 6]
u|Ee] Aaksls EAE o]-4sle] EalE 4 vkl o4
A Qe vAEE o183k kerating F3lE 4 = AT
Eo] F3EA ko Aol keratinased AJArE= o
Foll dgh @2 ®17} HojA gle}. 2 Foll A= alkaline
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keratinaseZ- Y Ab8t= Bacillus sp. AH-101[7]1% Kocuria
rosea “5-[8]3} neutral keratinase® A Ab3}= Aspergillus
oryzae[9]1%} Bacillus licheniformis S[10]¢] A 22 oF
2x glon] o]2gt AFE2] A= keratinase encoding
geneell W8t R® FHoA|AL Qloi{11-13].

Keratinase:= Ate] A 282 1 o]-§A o] v]¢ Yo E3
A Az wAwke] WAL #7122 FRFAR ot
ob|:=AbE R3] L ol 8- FleAde] HFE Q= v
7ol AR Fellsiel A Alwz g A3 AT 5
[141 AA7MA = RAEH o2 Aol A AL glot.

u2lr] B ool A= v}kl keratinolytic protease 5ol|
A V2R ZlEe Bl 4 9= keratinolytic proteaseE
AAVER= o2 wkslAl Bacillus sp. SMMI-2E o] 8-8}o]
549 GRS Z7HI717] AT SR Y SYS
E Y

Mz o WY

ARETEFE ¥ 24t 7[20HA|

B ATl 2909 25EFS] FFT B RelA
B8 Bacillus sp. SMMIJ-2E AF8-3}9 2™ whole-
chicken featherE #e]& 4= 91+ keratinolytic proteaseS
Ak ok B arElg)eh[15]. BAMARS $18F 7]l A]
o] T4 0.7% K,HPO,, 0.2% KHyPO4, 0.1% fructose,

1.2% soybean meal(roasted), 223 0.01% Na,CO;°]
Hjekz7] pHE 7.0, wiokESE= 30°Ce|c).

Keratinolytic protease assay
Keratinolytic protease #Al-2- azo-caseing 7] = o83}
+ Sangali 51619 WS ol-&stdet. wiFd-S 12,000
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pm, 4°ClA 1027 e & F AsdE RN
2 Agslge 2EAY 150 plel 0.25 mle) 2.0% azo-
casein(50 mM Tris-HCI buffer, pH 8.0) £ & £33l
50°CellA 1587 HF94 rpm)sPEA WS- A7l ¥, 1.2 ml
2] 10.0% trichloroacetic acid(TCAYE A7}sled Al2olA 15
F71 R8T 12,000 rpm, 4°Cell A 1087 A#e] 8}
of B849] 71ALE AAsR 712X fr2lE sulphanilic
acid TS F45 440 nmol| A A3t 2T 7]
Aof| ZEANE H7leA] YAl AT} 3 Fd3 27
oA BREAIZ] F TCATE AH713lal 2 EANE Esld =
Abetglon, A AYPE 33] WhERE & 1 JopAE
keratinolytic proteaseZA] S vFell i v}, Keratinolytic pro-
teaseol] T & A )& 50°Cell A 1557 714 7 Wk-E-3fed 440
nmmel A F45 0.018 E7M)71E E4A%E | unit2 sidv

Protease &/3-> Lowry 5 [17]%] WS ol 8313+, &,
FELY 250 ulE 0.5% hammarsten-casein milk(200 mM
Tris-HCI buffer, pH 8.0y84 1.2 mle} £33kl 37°Col| A
3087 wRSAIL ¥ 5.0% TCA 49 3.0 mi& #H7lsle] b
& BAATIZ A2l A 3087 X3t et H-EA &
12,000 rpm, 4°CellX 1037+ FAE=g 5 45 1.0 ml
o 2.5 ml 550 mM Na,CO; & #H7}st2 3u) 348 0.5
ml2] folin reagents % 7}3ked 30°Cef| A 3087k uH-g-A1%
th. ¥hgo] Ed F 660 nmel|lH FFEE ESAFL tyrosine
standard curvedl] Hd3led 7]A2HE} f2]E tyrosine®F
£ &4 5} Protease®Ad-E 37°Coll A 187 71 =S
B 1 pgdl tyrosines F2l3l= &40 FkE 1 ynit2 A
ofslodet.

Keratinolytic protease #4tofl O[Xl= 2%, pH, ¥ I
Hio| A&t

Bacillus sp. SMMJ-22] keratinolytic protease2] A Abell
o]z wjokEby EA-S 2a}slr] $9)8led LB broth(1.0%
tryptone, 1.0% sodium chloride, 0.5% yeast extract, pH
7.0l HZE3E F, 30°ColM 124]7H5qt wioksle] Aoy
o2 Agaigle, ) Ao AT werewe) oJee
ZARE7] $15le] Auiok] 1.0%E E484E 71841%] 50 mi
of AEFst F 24, 30, 37, 45, ZL8] 3L 55°ColA] 180 rpm,
4270 wieksheln] Eel B4 ZAlslgle,

pHE] B ZAts}7] S1sled Al 71 nR)o) pHE
0.5N HCI# 0.5N NaOHZ o|43lo] 4.0004 11.022 F74
sje] QoA 2ANE AR HHuLESIA 180 rpm, 4
Q7 wipsimA) 2kl

wjef& ol o} keratinolytic protease AR FAS}7)
ete] Fell A AR EAYARE S18E 3 pHE WA E
Azsr F, -zl 2k ARk, 50, 100, 150,
180, 2B 3L 200 rpm o=, 497t wjkabriA Eae] S
ZAVshodet

_

Keratinolytic protease®| it O|X|= Cltst Etad
¥ 7, P L AE

Bacillus sp. SMMIJ-2o1 €] &} keratinolytic protease2] A
Akl wlAE aale) 3Rke 2Ale) $1ake Bl 7]
BEulx] o] &tA Yl fructoseE HETE 3F3L arabinose,
whole chicken feather, galactose, glucose, lactose, maltose,
mannitol, raffinose, sorbitol, soluble starch, ZL#] 3 sucrose
£ fructose WAl 0.1% &H7tste] wix] S AZEZE F, SellA
ZAF AL FA wkEAdelA 497E wioksbEA] B4
g4 o] w312 zA}els T Whole chicken feathere <%
PN e Fedate] 4, Axeted AHgSget.

299 QS AP A5 YN 24 HA &
29 4718 ¥, 1.2% soybean meal(roasted) Al f7]&
A% el beef extract, malt extract, peptone, polypeptone,
soybean meal(raw), tryptone, urea, chicken feather, 28] 1
yeast extracty 27t 1.2% H7lsled wjAE A3l 447
wjekaha A Ao S EARSIH

Bacillus sp. SMMJ-20l] 2}3} keratinolytic protease®] Y
Abel] mjA e F71 A0 A3 AR $13he] ellA
ZAHEl A wAe| ammonium chloride, ammonium citrate,
ammeonium molybdate, ammonium nitrate, ammonium
phosphate, ammonium sulfate, cadmium nitrate, potassium
nitrate, 78] sodium nitrateS 0.1% A7}sle] WA S A=
3}aL 447k wioFsbH A keratinolytic protease TAd-& FAJs}

At

Keratinolytic protease2| #+t0l 0O/Xl= K;HPO, %
KHPOS S5 X S%0I29| P8

E2AA 7R 9] K,HPO, 3=E 0, 0.3, 0.7, 1.0,
3.0, 22|31 5.0%2 A7 AL F YA YRS =
Apslg e KH,POLE 0, 0.2, 0.5, 1.0, 3.0, 22|30 5.0%2
Z¥z} 23 sled keratinolytic protease2] AJAkel v}z o33k
& 29,

Fgrolee) Jake 2Ael] Slsle] Yol 2 b
o] AALE 93t wA ol calcium chloride, ferric chloride,
ferrous sulfate, lead chloride, magnesium chloride,
magnesium sulfate, manganese chloride, manganese sulfate,
mercuric chloride, potassium chloride, 28] 3 zinc chloride
= 47 0.1% FH7Bl wiAE Axg F 49zF wiekshd
] keratinolytic protease?] AAtel w|X|= oIS FA}a}

At

Keratinolytic protease®| 40| O|Xl= =7| HEHS
=E

ol Z=ATE FHuiR) S 2| 23k LB brothel] A A u)
°¥8t Bacillus sp. SMMJ-2E 27+ 0.1, 0.5, 1.0, 3.0, 5.0,
231 10.0% &3l keratinolytic proteased FA}sIAT
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Keratinolytic protease?| 40 DO[X[= H{Y2%, pH
W ZIEHHAFSZES| AwE

Bacillus sp. SMMJ-2ll 2] 3} keratinolytic protease®] A
Abel] A& wFel] S FAS] $18ted 447} 24,
30, 37, 45, 28|31 55°Col|A] wiekste] 2Abaglch. wiek 1
A 37°CellA 90 units/ml/min®E. 74 -2 keratinolytic
protease®Ad & el o0}, il oF 2U A FE]E 30°Co A
104 units/ml/min, 3L A= 106 units/ml/minS-2 7}A+
=2 keratinolytic proteaseZAd-S vFeP T}, 30°Ce} 37°C
E v|& 9| keratinolytic protease@Al 2] & Aol 1}A]
Wsken 30°Ce} vlaste] 24°Ce] 7ol &= 90%A =2
keratinolytic proteaseZA-S Jehgl o}, 45°Ce) 7Sl
42%, 55°C2] 75l 28%= vi-¢ A AL AHFig.
1). o] A3}& E & Bacillus sp. SMMJ-2¢l] SJsjA A=
o] X &= keratinolytic protease’™ T-22] wiofZ7 H}=
37°C °]3e] A2z Ae|A Hr} F5gl AR Shebe A
of 4 9lgdet. o] A= 20°Cel A 30°CHE} F ulf oA
keratinolytic proteaseZ AJAFsH}T B 718k Shohei S[18]¢)
AR 25 B e Eer 37°CE Xust A F
[1918) A3l= FAksl Rl 45°CE H18F Cheng £[2012)
Azpel= Abol3}e] or] 70°CE H W13} Letournear 52112
Ao B2 AolE HePIH. Protease 2439 735
ok 1A 37°CelA 7 A A= Lo o 3U A
30°Coll A 7H =4 2ARE9dE}. Keratinolytic protease &
AR AelaA 45°Ce] 7% 30°Ce} Wl o) 77% o3
9] proteaseBAd-& YISl o, 55°C] A Foll= 11%2
w)-¢- A ZARE S

Keratinolytic protease®] AAl) 2] pHE) %5&% A}
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Fig. 1. Effect of different incubation temperatures for
keratinolytic protease produced by Bacillus sp. SMMJ-2.
Symbols : @, 24°C; O, 30°C; ¥, 37°C; v, 45°C; W, 55°C.

gk A}, wiloF 194 pH 11.09) A -Foll= 72 A3l
1} keratinolytic protease -2 FQ1=A] ¢Fofort wioF 2
UA o] FHEE S-S AT 4 U™ pH 7.004
ujek 394 103 uints/mi/min® 2 7}F3 &2 keratinolytic
protease FA S el Bacillus sp. SMMI-2:= pH
4.091M &= A 3HA] Tk oo, pH 4.0% A 93t 28
Z70A pH 7.0 BlEld-S 9 80% o]Ake] keratinolytic
protease TS e = 7122 ZAKSI) 283 pH 5.0
7 6.0 RS WikEZIR G T4 2 Al W)
ofz7¢l pH 7.0~11.09] # oM B} =2 keratinolytic
protease ¥d-& EPS1- 21 (Fig. 2) o] A= A wlck
pHZ 752k B8} Elrefai £[22]7R= $A519101}, 8.0
3 9002 B13F Anbu S[231) A F[2410] Aapel= of
7k zpel& veRASIE. Protease 4] 7-$-l% pH 7.0
oA 71 & AL vehlglom, SR (pH 6.0)0l A
oFt7le] A (pH 10.0) Akl 2] HeloA HulH oz =&
protease T3-S HeR A

v & ol 2 keratinolytic protease TS FA}517]
$isle] Aok 9 ekt rpmo2 Al Wikl A3k, 200
pml 2 et 31S- v 108 units/ml/min® 2 7} &
2 keratinolytic protease 35 YEl 2T} 180 rppmo 2
wekat 5ol = 200 rpm frAFEE A8 e %2
100 rpm °]AFe] FEERE oA 200 rpm3t B]EE]S of
96% °]/4e] S Hehlie A= AREI . 23y A
ko] 7ol 200 rpm B3 v 41%2] keratinolytic
protease 432 HePAG Lt v ol mhel A &A=
Z7lel= A2E Veldoh(Fig. 3). Protease 42 Wi 3
A5 180 rpme] ZANA 400 units/ml/min® 2. 7} =7
ZAME )}
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Fig. 2. Effect of different culture pHs for keratinolytic protease
produced by Bacillus sp. SMMJ-2. Symbols : @, pH4.0; O, pH
5.0; v, pH 6.0; v, pH 7.0; W, pH 8.0; (], pH 9.0; @, pH 10.0; ,
pH 11.0.
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120
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Fig. 3. Effect of various agitations for Kkeratinolytic protease
produced by Bacillus sp. SMMJ-2. Symbols : @, none; O, 50
rpm; ¥, 100 rpm; 7, 150 rpm; M, 180 rpm; [J, 200 rpm.

Keratinolytic protease2| 44| O|X[= EtA@o| AE

ookl elA-S o] 8-3le] keratinolytic protease®] Ak
of mXE= 3¥E AR A= Table 13 2ot Wik 19
A H7}8) ekae) 2]k keratinolytic protease@Ad-2- Hu}
Ao thZT¢ fructosest & zbo]E EPHA] Ak,
arabinose, maltose 28] X soluble starchS 713 -+
279} v)wE o} 67% A=) keratinolytic protease
& JeRGI chicken featherS 718 A$ol= 12%S 1}
el ge}, wiek 295 chicken feather® A 93t vh2 wbA
9] Ao 272} F-AF} keratinolytic protease 2%
el ot wiok 393 4UAE fructose® H7HEE

7} 102 units/ml/min, 101 units/ml/minS-% 7} F2

Table 1. Effect of various carbon sources for keratinolytic pro-
tease production.

Incubation time (days)
1 2 3 4 Final

Carbon sources

Keratinolytic protease activity pH
. (units/ml/min)

Control(fructose) 74 100 102 101 7.62
Arabinose 50 89 96 100 7.46
Galactose 73 98 99 100 7.70
Glucose 71 96 100 99 7.69
Lactose 68 95 99 97 7.68
Maltose 53 96 94 101 7.65
Mannitol 65 89 99 99 7.67
Chicken feather 9 15 19 21 7.68
Sucrose 71 95 96 94 7.54
Raffinose 65 92 96 96 7.65
Soluble starch 46 89 96 96 7.62
Sorbitol 62 91 98 94 7.61

keratinolytic protease -2 Velich. A7let & w4
o) A5l z2T9} Z AolE HeRA] @kt chicken
featherZ 713 7ol vl 32 A4S vehisict. o
23l A= gAY 02 featherd X3RS ® fructoseX.
o} 50% oA+ FAE vleh vl ¥ 313 Mohamedin
[2519] B2} Abo]slg] 21} chicken feather”} Bacillus
sp. SMMJ-29] keratinolytic protease®] JAHS #13F bl
o2 A3skA| askd YAl HIA[15)9 U AHE e}
Wgie}. Protease BA12 Wik 2UA7EA] galactosed H713H
74 247+ 84, 400 units/mli/min® 2 7}A} A FAREL
o, 3dAE maltoseE AH7FEE 7-9ll (420 units/ml/min), L
2] 495 = sorbitolS AH713E 730 640 units/ml/min®-
2 7 A A

279 FARE A X9 keratinolytic protease S
= Ao FAME glucosed} fructosed AL E F%
o]] W keratinolytic protease Ad-Z FTAF3IAATE. Fructose
¢} glucoseZ 27t 0.1, 0.5, 1.0, 2.0, 133 3.0%%] 5%
2 Arlsle] v =S A28 F wloFslHA keratinolytic
protease¥A-& FALE A3, 0.1%Y glucoseE A71813-S
o 1.0% fructoseS 3 7}8t -9 v]wate] vk 394
93%2] A& e AR vehdont, glucose®] 75
FE7} IS FAol M A A oE ZALE
AT}, Fructose] 74-$-ollE 1.0% A715dS @ 111 units/
ml/mineE 7} 52 keratinolytic protease B3-S e
Rort, 0.1~2.0% 9] FEAME E AlolE UehiAl=
Sk} (Table 2).

Keratinolytic protease #4t0 O|Xj= R4 HE

A 2=le)| wWhE Bacillus sp. SMMI-201 &8t keratinolytic
protease®] AR F71AAUT F7IHAY R vreiA
ZAkg T, AL wiAlol] 'R 2 1.0% fructosed
A7}k 2791 1.2% soybean meal(roasted) T Alol] o
o3l 7] AAYE Hrisled 30°C, 200 rppm 2. wioFshd
Al F A8 A3}, soybean meal(roasted, and raw), chicken
feather, polypeptone, ZI2] XL yeast extractol A4}t keratinolytic
protease T3-S I8 4 2)Avt. Beef extract, skim milk,
peptone, ZL2] 1 tryptone- s A 7}8F 73-5-oll = Bacillus sp.
SMMJ-27} &A1 &}9] 21}, keratinolytic protease A1
gl 4= ¢l urea®] A-FollE FAHA Fatet of
A= yeast extract?} peptoned X3RS W ¥ F
9] A& vepivky B 313 Amare 5[26]°] Haleh= At
o] &gl T}, Chicken feather®] 73 wlF 24 A 7FA =
soybean meal(raw)¥} +AFE S-S vepfal ot wiF 34
A FAo] ZraslE Ao FAEH. o] Aoy es
353 chicken feathero] E-7 F3l|E o] AAge] F5o 9
T AR FEgl e 7R A o AR-sE fr]A AU
soybean meal(roasted)?] 7V T2 XS EPNICH(Fig. 4).



154 PARK AND YU

Table 2. Effect of different concentrations of fructose and glu-
cose for keratinolytic protease production.

Incubation time (days)

Carbon ) > 3 4
sources
Keratinolytic protease activity (units/ml/min)
None 69 91 101 99
Fructose 0.1% 88 107 108 103
0.5% 71 104 110 101
1.0% 76 105 111 109
2.0% 61 96 109 90
3.0% 51 89 105 103
Glucose 0.1% 71 99 103 103
0.5% 64 98 102 101
1.0% 54 94 101 99
2.0% 51 81 95 94
3.0% 45 79 92 90

Keratinolytic protease *§Akell 2leJA] soybean meal
(roasted)®] A FEF ZARE A= Fig. 59 o} 7]
ALY 22 soybean meal(roasted)ys H713HA -2 73-5-¢ll
keratinolytic protease@Ad-2- vlj-¢ WA TAIE o o] A
HE vl o 2 A4 Z soybean meal(roasted)?] F50]
keratinolytic protease®] AAtel]l FaS Frie= AS E9lgt
= 2l 1.2%9] soybean meal(roastedyS &a38F3S o
71 e 84S el eH 0.6%2 1.8%] 7ol =
Hlg o] B2 BAS VRPN 2.4%9) 3.0%2]
Folle v 4dAel g 22 8-S veRidEh

UM ZARE AHE vt BAY 0 FE 1.0% fructose
9} F71AAR0 08 1.2% soybean meal(roastedys 3713}
FERAABNAE AESE & kst ) AaE 3 01%
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Fig. 4. Effect of wvarious organic nitrogen sources for
keratinolytic protease produced by Bacillus sp. SMMJ-2.
Symbols : @, soybean meal (roasted); O, soybean meal (row); ¥
, chicken feather; 7, yeast extract; l, polypeptone.

120 1

Keratinolytic protease activity (units/mi/min}

Incubaticin time (days)

Fig. 5. Effect of various concentrations of soybean meal
(roasted) as organic nitrogen source for keratinolytic protease
produced by Bacillus sp. SMMJ-2. Symbols : @, 0%; O, 0.6%;
v, 1.2%; v; 1.8%; W, 2.4%; [, 3.0%.

A 7}sted 30°Coll A 200 rppm S-E Wi FEPHA] keratinolytic
protease EA-& FALEF Az} woF 344 ammonium sulfate
= A1z gl 2T} TU3 106 units/ml/min®] A
S e 20}, keratinolytic protease ARl Sl F
712 2] Hlel] whE & xpolF A ¢siet. wet
A o] & AlgeM e F7] oS Ao . T
1AL A7 T WA 27 A keratinolytic
protease@g-> |27 Hlgle] 10% AE AsHE Ao
ZAME 9 vh, 28], cadmium nitrateel] &} s A= Bacillus
sp. SMMJ-22] Al-8-o] 352l eH(Table 3).

Keratinolytic protease 440 O|Xl= KyHPO,,
KH,PO, 2|1 S&0[29 &

F7192e2 A71EE K,HPO,S] 5= w2 keratinolytic
protease B4 AR A3}, 0% 7-Foll= wloF 344 o
279 0.7%<} Bl 23S o oF 92%2] A4S el
2 0.3%% 1.0%2] 7Tl 97%2 A 22y
3.0%2F 5.0%2 A% A7 89%eb 77%ER A H R
keratinolytic protease Edo] s o2 ZALE] Y
274 0.7%E 71 7%l 107 units/ml/min®& 713
2 248 HelHHFig. 6).

KH,PO.2] gX=oll whE 3R vk 34 d27<l 0.2%
o4} 105 units/ml/min® 7} 4 ZAFEAS. 1.0%F 3
7hat Aol e 98%2 B4 vEhINle™ 0%, 0.5%, 1
231 1.0%AAE 95% o] FAS vrehde. ey
5.0%% H718F Aol 75%2] F3S el en o=t
A= Fxo] 7ol u}E keratinolytic protease A9 7+
A5 el KoHPOo) Ak 2A1= 9ok (Fig. 7).
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Tabie 3. Effect of inorganic nitrogen sources for keratinolytic
protease production.

Incubation time (days)

Inorganic nitrogen 1 2 3 4 pH
sources Keratinolytic protease activity
(units/ml/min)

Control 89 100 106 92 7.50
Ammonium chloride 76 91 96 86 7.48
Ammonium citrate 91 97 100 78 7.05
Ammonium molybdate 75 88 95 80 7.32
Ammonium nitrate 81 92 97 80 8.06
Ammonium phosphate 76 87 94 76 7.28
Ammonium sulfate 86 94 106 86 7.54
Cadmium nitrate - - - - 7.05
Potassium nitrate 86 93 97 79 8.06
Sodium nitrate 91 96 103 85 8.05

120 -
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o
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o
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Keratinolytic protease activity (units/mi/min)
@D
(=]

Incubation time (days)

Fig. 6. Effect of different concentrations of K>HPO,4 for

keratinolytic protease production. Symbols : @, 0%; O, 0.3%;
v, 0.7%; v; 1.0%; W, 3.0%; O, 5.0%.

Keratinolytic protease] "B*Poﬂ w2 = FEro]2-9] oI
< AR A ‘=‘H°k 194 0] g A7A o2 dx
ol uldte] Fro] 22 737}6} BE 2700l A 25~68%2]
8|7} EM%L—U% £3| mercuric chlorideZ 718k 73-9-<]|
= Bacillus sp. SMMJ-27} 2418 81A] E3lict. vk 39
A 272 749 105 units/ml/min®] FAL Vel
potassium chloride® 713} 7ol 2t 272} v wE o

98%2] A& Heplsl o mieF 4dAoll= 2Tl vlst
of ¥ TS el °] A3} 0.2% potassium
chlorideZ A7FE193-S o) 713 22 4L eyt B
313k A F[1918] Axe} *rr/‘]'?f};i‘:‘r. depv gl R
lead chlorideE 713115 w} keratinolytic protease®] 34
o] AP i B8 Aida F[9H= Abolst AE e}
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Incubation time (days)
Fig. 7. Effect of different concentrations of KH2PO4 for

keratinolytic protease production. Symbols :
v, 0.7%; v; 1.0%; W, 3.0%; [, 5.0%..

®, 0%; O, 0.3%,;

Wgle}. =8 Bacillus sp. 2 429 739 calciume] &
Azl Aol Tae] AT AAtke] FrbElviar g
ULt o] goll= BeolHal Ak g e A] sk
o} o2 FEo]e 9] 7S keratinolytic protease®] AJAkel|
o8} =215} 230k :2_— R3], 53] ferric chloride
2} ferrous sulfate®] -4 40% |42 7‘1 S e Aoz
FAFE 2 EH(Table 4).

27| HEge)

Keratinolytic protease2| 4o ojXl&= 2o

gEt
27| HFakol w2 keratinolytic protease Ak AL
E21817] fgte] el Al ZALE A HAMA] F, 1.0%

Table 4. Effect of various metal ion sources for keratinolytic
protease production.

Incubation time (days)

1 2 3 4
Sources pH
Keratinolytic protease activity
(units/ml/min)

Control 87 98 105 103 7.83
CaCl, 50 76 91 93 7.47
FeCls 35 53 59 61 7.48
FeSO,4 65 60 63 62 7.73
HgCl, - - - - 6.74
KCl 57 88 103 105 7.50
MgCl, 57 77 89 90 7.58
MgSO4 57 79 92 93 7.57
MnCl, 30 64 68 57 7.61
MnSO4 33 66 70 58 7.59
PbCl, 54 82 93 97 7.49
ZnCl, 28 63 66 56 7.58
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Fig. 8. Effect of various inoculum size for keratinolytic
protease production of Bacillus sp. SMMJ-2. Symbols : @,
0.1%; O, 0.5%; ¥, 1.0%; v; 3.0%; W, 5.0%; O, 10.0%.

fructose, 1.2% soybean meal(roasted), 0.7% K;HPOy,,
0.2% KH,POy, 0.01% Na,COs2 A #2238 3, 34 u)
k27391 30°C, 200 rpm 22 4Y 7} wioFalHA 2ALEH)
o} 5.0% HEE A wiF 1dAt 2dA A 2
keratinolytic protease B4d-& Uehglo) o} ¢} &
Zpol= el 2] ksket. vk 3dA o= 10.0%E Al#gt
BE 750lA FAHE keratinolytic protease B4-& Yl
Aom 4o BE 244 Byo| Fasle Ao
EAENLH 5.0%2 10.0%2] A-tele o8 2AHG 2
o Bl ke Ao EAE GG (Fig. 8).

o OF
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29l 25FE) FTHT BRI Fe
Bacillus sp. SMMJ-2& whild R gA]o] 2 FF=2
#] &3] keratinolytic protease A o] 8 50|},
FANAS A8 FHA WA 2L 0.7% K,HPO,, 0.2%
KH;PO4, 1.0% fructose, 1.2% soybean meal(roasted),
8] 0.01% NayCOs ol wllekx7] pHE 7.0, ¥j
oke-xx 30°CellA 200 rpm 271Y w] ELAAbe] 1A
sl en olufe] A2 105 units/ml/minE ZA}E
et

3
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