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Isolation of Mutant Strains from Keratinase

Producing Bacillus subtilis SMM]-2 and

Comparision of Their Enzymatic Properties

Abstract

Hee-Sun Ko and Hyun-Soo Kim*

Department of Microbiology, College of Natural Science, Keimyung University, Taegu 704—701, Korea

Keratinase is widely used in certain industrial applications. The present study sought to improve the culture
conditions of Bacillus subtilis SMMJ-2 to facilitate mass production of keratinase. Strain SMMJ-2 was irradiated by
ultraviolet light and the resulting isolates were tested for keratinase activity. Isolates displaying elevated keratinase
activity were selected and used to determine the optimum temperature (24, 30, 37, 45, 55°C) for bacterial keratinase
production during a 4 day incubation period. The highest enzyme activity (55 units/mL/min), from a Bacillus subtilis
SMMJ-2 mutant (mutant No. 2) was demonstrated following incubation at 30°C. The effects of carbon and nitrogen
sources on keratinase production were confirmed by measuring the enzyme activity from the culture broth of the
mutant strain cultured in various media containing different carbon source and nitrogen sources during a 4 day
period. The optimal medium composition for producing keratinase consisted of 1% glucose, 0.7% K;HPO., 0.2%
KH2POQOy4, and 1.2% soybean meal. Optimal initial pH and temperature for producing keratinase were 7.0 and 30°C,
respectively. Keratinases produced by B. subtilis SMMJ-2 and the mutant No. 2 were purified from the culture broth
which used soybean meal as a nitrogen source. Membrane ultrafiltration, DEAE-sephacel ion exchange and
Sephadex G-100 gel chromatography were used to purify the enzymes. The purified keratinases from both B.
subtilis SMMJ-2 and the mutant No. 2 showed single bands and their molecular weights were estimated as 28 kDa
and 42 kDa, respectively on SDS-polyacrylamide gel electrophoresis.
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linkage 2 =o] =837} oJ-&t) [4,5]. ©|#%F keratinS 5~
43} k= o= 4tsl FAWHS AR8-Ske] o]s)ek
23S ddsial B8449S TAAI &, o8l Aol A
TE Do) pepsing AH2lehd 483} & 4 vkl B
g vk U [6,7].

Keratinase= 77} Alit 22 A EZHE Ao
Itk [8-13]. £ A7 APATF [1]8 viRo=E st mAY
& 3ol A keratinase £49] EAo] =& = Bacillus
subtilis SMMJ-2S 7N&kale] 7NEkEl T A keratinase <)
FNEAS AES AL stk o) sl v 74
9] HE-S Z}A|S= keratin keratinaseZ- ©]-23}] A A
3 Fo=H st 9 dixl & nwl g} T sPdsEEof
o] 49] o] 84S HHoZ YeLkS #elaa) gk Ho=Z,
Fao] HIRFABARS It H A wgxde] &4, 54 84
9 AgARso] =2 w5 AN 2N, oot E9W
o)l 9] keratinase E4F E2] FAE sl aihslsHy
54< v, A=

Mz § W
Ho|xe| E2l | S

FAETE Park 5 [1]9] A2 oNX E2€ Bacillus
subtilis SMMJ-25 ARS8} 0, keratinase THEAIARS-
flsted UVAE] 3 175 7RFstsitt. 34+ LB broth
(1.0% tryptone, 0.5% yeast extract, 1.0% sodium chloride,
pH 7.0)l AZ3le] 30°C, 180 rpm & 12417 wjoksiaack
i E TS HIHIA] LB agar (1.0% tryptone, 0.5% yeast
extract, 1.0% sodium chloride, 1.8% agar)®l] =&3}, UV
A2lE =433 T). Plate $19] 20 ecm Aol A 37 254 nm
Z 20 sec, 40 sec, 60 sec, 80 sec, 100 sec 2] & 28°C
o] A o]Ext ikl Tl Keratinased] A LB HiA|
(1.0% tryptone, 0.5% yeast extract, 1.0% sodium chloride,
pH 7.0)°l =3} 30C, 180 rpmollA] 12417k vijoksl &
E uek viA] (1.0% glucose, 0.7% K,HPO4, 0.2% KH,PO4,
1.2% soybean meal pH 7.0)°l 2% Z| A HE3d}e] 447+
3 Th (Table 1).

Keratinase activity & protease assay

Keratinase 2] =42 7|22 A4 azocaseine AHE-Sl=
Sangali [14]¢] W& o] &3t S8R o™ 2 A4H
2 HjeFlS- 10,000 x g, 4CollA] 1087F YAEE] 3 AL
Stk 2849 150 uLoll 2% azocasein (500 mM Tris-
HCI buffer, pH 8.0)2 500 pL &7}Fske] 50 Coll A 1583+
HRSAIZ] TR, 4] WS AHA|AIF)7] S1Ek 10.0%
trichloroacetic acid (TCA)E 1.2 mL 375} A-2ol4 158
7F AEITE B84 71ES AASH] f18ke] 10,000 x g,

4CellA 1083t AAEDE 3t 712M 2] & sulphanilic
acid TAEHe] F= = spectrophotometerS ©]-8-5}¢] 440 nm
of|A SAsIATE =T 71T HrIste] 50CalA] 15%
7F HEEAIZ) Fol] @A 150 uLE F7Fekar 2 Wy
o2 AR oM FATAIL TUSH HFS 33| o v
gk gko] it X2 YR ATE Keratinase 2732 50T
oA 187 7183} whgsle] F33%= 2k 0.018 S/
AA%ES | uitE 3th

Protease assay= Lowry [15]9] WHS WHEste] ARS8
Kim [16]2] WS o]-&3lth a4 250 pLell 0.5%
hammarsten casein milk (200 mM Tris-HCI buffer, pH 8.0)
£ 1.2 mL 3718k 37°CollA 3083 vk Fof], &
29] Wk3-S AR|A717] 98+ 5.0% trichloroacetic acid
(TCA)E 3.0 mL #7}ste] A-2ofA 307t X3ttt
10,000 x g, 4Co|A] 1083 P4 E sl A A5
1.0 mLel] 550 mM Na,COs 2.5 mLE 37}shar 3 3)4dsh
folin reagent=- 0.5 mL 37}3] 30 CollA 3087 HRS-A|
71 %)) 660 nmoA =332, tyrosine standard curve
£ o]83}] -F2]9 tyrosineH-0-2 $H:F5199T). Protease 2H
2 37CoA 123 71383} ¥-831d 1 g9 tyrosine S 2
e &40 TS 1 witE SFITH

Keratinase2| A44tof| cHst EtA RO HEE

FAITE] keratinased] A4kl wIX|= ghAle] 3t W
o] ghA9le] I3RS nlwslr] flske] 712ulA] (Table 1)
9] B9l glucoseS M55} fructose, lactose, maltose,
sucrose, soluble starch 52| B-AYUS 212 1.0% 52 3
7}ste] keratinase2] AAMIAE A ZsETH AZ2EH a4
Aol FAITES FE3ke] 30 CollA 4Y7T njeFsted
B4 WE vl 43T

Keratinase2| 4tof| cist ZEA RO HEE

& A17t9] keratinase 2] Atol]l MA|= ] FF
Ho 7] A FFS vlausty] Yste] 7] EHjA] <]
AL G Qo] HA eSS Hgste], 71EuA|
(Table 1)2] A2 soybean meal-S- HIE3}F] malt extract,
peptone, polypeptone, tryptone, yeast extract, tryptic soy
broth (TSB), soytone, casitone 52 AAYS 22t 1.2%
FEE A7}8k keratinased] AAHMIRE A ZSI{UT) A=
H B4 ARl FARTS &t 30 CellA] 497F v
slo] GA4-8e] HelE Blal S8t

Table 1. Composition of basic medium for keratinase production

Glucose 1.0%
KoHPO4 0.7%
KH2PO4 0.2%
Soybean meal 1.2%
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Keratinase2| A4tof| LSt 2=9o| HEk

A keratinased] A4kl PIX|E 259] Pt wol
Fol 2x9 IS vasty] 18k 24, 30, 37, 45, 55C
Hj R Aboll A 180 rpmOE 47t vjSkabAX &4
Aol Wals vl A5

Lo

Keratinase2| 4tof| St pHe| Sk

FA]TE] keratinase2] A4t HlX|= pHE| &k} Hol
9] pHY] F3S vlwsly] fske] a4 LAY pHE
409014 11.00Z pH 1.0 A=H W3l A 2831, FA|
T S T 180 rpmolA] 4431 wdsPar a4g/de] W3}
£ vl S

Bradford [17] ¥ ©]-8-3}3L Protein assay kit (Bio-
rad, USA)E AH8-8lo] e S AFeioint e whijds
bovine serum albumin (BSA) (Sigma, USA)S AFE-31$1aL,
B AN F] Sd k2 280 nmollA] SASHA

Keratinase2| XA

AT} HolFE HE] keratinase®] 28] 2 BAIE ¢
Sk HjFl o] F=2 (NH,),S0, 2 AHE-3F 2513} acetone
< o] &3 718 AHAUE S 44 284
500 mLE 3] wHAIZ|HA] 70% E31E] 7] (NH,).S04
S ¥, 539 ice-cooled acetone (-70C)= B2 &, 2A]

b wkasle] 9141%-2] (14,000 x g, 30 min, 4 C)3FAT). 2
AAES 50 mM Tris-HCI buffer (pH 8.0)l 8313

& TS ATHOZ 4Col|A 24A7F FAI3le] FAE
F4HS 353 893 A4N-S amicon centriprep
(MWCO 10,000, Millipore co, USA)=S ©]-83l F=53I3
) F53 8498 50 mM Tris-HCI buffer (pH 8.0)Z 3
&3}A)7] DEAE-sephacel (@ 3.6 x 30 cm, GE Healthcare
Bio-science AB, Sweden)°ll 5714171 3 E-EA1F] 712 4 mL
A EEEiah i) 852 WA FY buffer= B
ot eSS Aojdll 3 0~1 M NaClS i3 buffers
ol-gsle] FTHIH R Jgsldi). o|¢}F o] Folal
FFAA dolxl AL FiES Kol FF3 AlEE
50 mM Tris-HCI buffer (pH 8.0)E H&3}A|7] Sephadex
G-100 column (@ 1.8 x 100 cm, Amersham bioscience
Co., USA)°ll A-&3t tha AP 4 mL 7492 4 mLA
skt

N
]ﬂaﬁlﬂo{

B a4 BExEs =437 9ste] 14% SDS-

polyacrylamide gel-S- AM831 217|955 AAIEHICH [18],
Z71%9% %ol coomassie brilliant blue R-2502-2 A 5}ar
destaining solution (methanol : acetic acid : water = 1 : 1 : 8)
o2 whisle] tehd MES S15SI

2 I-lll

£ g N -

Keratinase’i4t Ho|F2| 22|

Keratinase 2] E/Jo] 95317 Wol55 Eel3l7] ¢t
Bacillus subtilis SMMJ-201] UVE- ZA}51e] wjjokst Avl=,
oo} vinste] e wskE w8 e, T2
2 AdsiRar, 15 24K Yehd T 5= 5719
Ho|FE F53lAtt. 3 1 Tl 7P =2 a49
S Yel= 29 755 HF 483, mutant No. 22 ™
W3} T (Table 2). Protease 43S =43 A3f= oA
2] A0 soybean meal Y W 3YA] 121 units/mL/min
9] gAjo] YeEld Ao B8], mutant No. 25 ZA2H9|
soybean meal ¥ 3Y A 147 units/mL/minZ &/Jo] H]x
A o] & 302 ZARIT (Table 3).

Table 2. Keratinase activity of Bacillus subtilis SMMJ-2 mutants

Keratinase activity (units/mL/min)

Mutant No. Incubation time (day)
1 2 3 4
No. 1 18 31 43 29
No. 2 22 42 55 34
No. 3 15 21 26 14
No. 4 20 35 39 33
No. 5 12 15 17 14

Table 3. Protease activity of B. subtilis SMMJ-2 and mutant No. 2
growed in culture media containing soybean meal or
malt extract

Protease activity (units/mL/min)

B. subtilis SMMJ-2 mutant No. 2

Nitrogen source

Incubation time (day) Incubation time (day)

1 2 3 4 1 2 3 4

Soybean meal 67 108 121 98 110 120 147 115
Malt extract 54 99 119 60 92 102 131 88

Mutant No. 22| Keratinase 4HMoj| CHSt EFARla}
X

Mutant No. 2] #lFeH2{] 545 ZAKs17] $l8te] LB
brotholl 4] 12413t &< ZufeFetdar, thekeh ehadat A
DS o83 ARl 2% 5 A HEsd, 4L3E wiSF
sPAAN BAEAS =435It FAIFFE 0 mutant No. 2
oM 2 w2 B4E UEpiRior, 1 SoM= 34
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Table 4. Keratinase productivity of Bacillus subtilis SMMJ-2 and
mutant No. 2 by various carbon sources

(A) Bacillus subtilis SMMJ-2

Keratinase activity (units/mL/min)

Carbon source Incubation time (day)

1 2 3 4
Frutose 10 15 17 15
Lactose 8 7 5 5
Maltose 11 12 8 7
Sucrose 5 7 8 5
Soluble starch 6 7 7 7
Glucose 10 24 34 28

(B) mutant No. 2

Keratinase activity (units/mL/min)

Carbon source Incubation time (day)

1 2 3 4
Frutose 20 21 20 20
Lactose 15 17 17 17
Maltose 8 7 7 7
Sucrose 6 6 5 4
Soluble starch 11 12 12 13
Glucose 22 43 54 38

Table 5. Keratinase productivity of Bacillus subtilis SMMJ-2 and
mutant No. 2 by various nitrogen sources

(A) Bacillus subtilis SMMJ-2

Keratinase activity (units/mL/min)

Nitrogen source Incubation time (day)

1 2 3 4
Soybean meal 10 23 33 28
Malt extract 15 31 37 24
Peptone 2 3 5 7
Polypeptone 3 5 5 5
Tryptone 10 15 20 14
Yeast extract 4 5 5 5
TSB 3 7 10 4
Soytone 6 6 5 4
Casitone 3 6 4 2

(B) mutant No. 2

Keratinase activity (units/mL/min)

Nitrogen source Incubation time (day)

1 2 3 4
Soybean meal 22 42 55 34
Malt extract 18 31 43 29
Peptone 4 6 8 7
Polypeptone 3 5 5 5
Tryptone 17 27 31 24
Yeast extract 8 10 13 13
TSB 12 23 30 22
Soytone 5 4 4 4
Casitone 5 8 11 5

To] ©de] YT (Table 4)7 HINSHAE W glucoseS
-3k ARl R A 3YA)] 54 units/mL/minZ 7P =&
G488 JERUAL, fructoseS H715IAS W 3YA)
17 units/mL/min] 48438 Uehfo] 453 29s B

Ao ™, maltoset} sucroseS H7F515S Wl opFS} vt
FIHAZ keratinase 4SS S A171A] ESaT) gk
HA &S glucoseE dto] AAe] J3F (Table 5)=
TATT2} B LE}SS u) soybean meal S FAYUOZ T
3+ AR R o)A BiE 39 A 55 units/mL/min®E 7FE =&
A4S YR, o] 22 ©AYT FAYS AN
g 279 oRIFHT} 40% HeE EATAolAT T
malt extractE F7I5IAS wl= oRF A} fAVSH
o)1= 3YR| 43 units/mL/minE W2 53 aih
23S HERIITE 1 9 & FAUOZ tryptone®] 75
%k 394 31 units/mL/min, yeast extract®] 3% 3L |
30 units/mL/min®.& UFERT),

Mutant No. 29| 444 X2

B3l HolFo] &xof W keratinase S4AAS F
AFsE7) $8ke] 24, 30, 37, 45, 55°CollA] Z+ z+ wjokataach
o7} 30°Coll A 33 units/mL/min] 43S YeEll=
Z10l) B3l mutant No. 2+ 30CollA] 55 units/mL/min®] 7}
=2 &S Yelle AS RISk o] 45
24°C9} 30 CollM Y] TP 2 APolE HolX] ko)
(Fig. 1), mutant No. 22] 73-9-0lli= 24 Coll4| 44 units/mL/min,
30ColA] 55 units/mL/min® EAAAMNA glo] 22 25T
o] opFHG A5H &4 TS et 45T 55C
o] Z-gell= oRF<} vl HAI R keratinase @] EAE/0]
v oS & 5 ATt o] ARZE E ) B subrilis
SMMIJ-2¢} mutant No. 27} A2AFS= keratinase= 11-2-9]
ZART= 30T A99] Fo 2519 AollM 7 st
FAALIE e AT WHolFe] A aaAL 7St
L WM 27 9 He AoZ AIFRFHAUL
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Fig. 1. Effect of temperature for keratinase production from B.
subtilis SMMJ-2 and mutant No. 2.
Symbols: e, B. subtilis SMMJ-2; o, mutant No. 2.

Mutant No. 22| A M4 X pH

Mutant No. 27} A4FS= keratinase2] Aj4kel] X< pH
o] FS AR A3, vl 3UA] pH 7.0 pH 8.09114
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55 units/mL/minE 7} =& keratinase EAEAL e}
Wltk 3 pH 4.0 pH 11.09ME 84849 S}
A9] 1%1eH pH 4.03} pH 11.0& Al2)3 A= 50%
oA 80%©]’d2] keratinase EAEAS H T} (Table 6).
o] A= keratinase A4k lo] HZ vk pHE 7.58}L
K313 Elrefai & [19]9] 23} AR S W, pH 8.0~
pH 9.0014 &§484do] =r}al B33k Anbu [20], Bang [22]
#} Kim [16]9] ZAIeh= R AolE Hol= ZAHGAHh

EEAdlo| 5

of 1}

kb

=
=

B. subtilis SMMJ-29} mutant No. 27} A4F5}+= keratinase
S AA|, vlasty] fste] Zh wj o] (NH4),.S04 v
acetoneS 7t EATHHNZS XA A7 Sof| Z}z}o]
Za NS 3431e] keratinased] EATA-S FALSH
A3}, 70% (NH4)S04 F A B. subtilis SMMI-27}
74 units/mL/min®] &4 A4S JERHIAL, mutant No. 25
82 units/mL/min®] &4 4S8 BT} (data not shown).
T8} acetoneS T A o2 ARESH Aol Q)
oAM= FHHEC] Aol WAYSERA] o}, o] keratinase “JA
I FoAE (NHe)oS0s HAHS 28314 =AUk

Table 6. Effect of initial pH for keratinase production from mutant

500 mLE 70% (NH),SO0.= EZAA HAAES I,
Aoz FAE-L 50 mM Tris-HCI buffer (pH 8.0)& 3|43k
Fol| dialysis tubedl] 5] FY3 bufferZ 4CollA] 244]
7F FAsle ds AASHATH

3lg 28400 FASS T £0]7] 918t amicon
centriprep 2.2 F53}] S-0]2 1¥=2]?] DEAE-sephacel
column chromatography® “J#|3}3t}. B. subtilis SMMIJ-2
o] 9ol o] AZnE 19 AdollA 2 FH|olA] keratinase
o] Z=7F Usk=dl, void volume S ofzT Hlojdt
ZRHgol A w9 mlokgt 957} ygton I 2wlE 1)
FRERo]] v 7k Wl peak”F USITE (Fig. 2(a)). ©1%
# peak 9992l fraction No. 85-100819] fractionS 3|53}
¢ amicon centriprepl-Z F=3FA 1L, =3 AT
2 T}A] Sephadex G-100S- ©]-83}] gel filtration= A]3¥3}
g48do] YER= fraction No. 20-30¥12] sample<
3)4=3}e] (Fig. 2(b)) amicon centriprep > & THA| 553} T

£

007 | ﬁ‘

I —
: [
g005 ﬁ-zsg'g
= 0.05 + Bg
& ?‘—205?3
T 0.04 . M5
g H 115 B
0.03 5
£ 3
2 ] 110 -
2

0 10 20 30 40 50 60 70 80O 90 100

No. 2
Keratinase activity (units/mL/min)
Initial pH Incubation time (day)

1 2 3 4
4.0 13 14 17 14
5.0 18 20 22 10
6.0 23 32 43 31
7.0 22 44 55 32
8.0 20 40 55 30
9.0 18 40 48 30
10.0 13 20 24 20
11.0 9 10 11 10

=
M f==]
wn [¥%)
T T
oo
. .

Buffer S0l Cist & oFHM

ZE%4% 500 mLE 70% (NH4),S04 HAo] 23 5=
F20]] oJaf Aojz A4S o]-83le] buffer Fxol wh
SHAS A7) sk, 50, 100, 150, 200, 250, 300,
0, 400, 450, 500 mM Tris-HCI buffer (pH 8.0)& ©]-&3}
o] g4 oHAAS A A3 50 mM Tris-HCI buffer
(pH 8.0)S AIE-3IH S w) 4849 FF80] 100%=
71 o3t Aoz 313132 ™, 500 mM Tris-HCl buffer
(pH 8.0) ol FEelx= aAo] Edo] 53] A==
RS R8Tt (data not shown).

S ooy

Keratinase2| XA

B. subtilis SMMJ-2¢} mutant No. 29 Z+Z}e] Zg AN

:::
Y =]
wn (2%
R —

‘

Absorbance at 280nm

-.—
——

: i I

0.05 | % R’ .
0

0 10 20 30 40 50 60 70 80 90 10

Fraction Me.

Fig. 2. Elution profile of keratinase form B. subtilis SMMJ-2 on
DEAE-Sephacel (A) and Sephadex G-100 (B) column
chromatography.

Symbols: e, Absorbance at 280 nm; o, Keratinase activity.

Mutant No. 29] 7%= DEAE-sephacel column
chromatography®l| 4] keratinase £484S YEl= 99
o 27 HIE Yepst=d, op¥Fe] 759 withE w9l peak
7h AR A wl-¢- ZFekA vgkoH, FHHE o] 5 w|ekgk
@A uart HA eS0T (Fig. 3(2). 1
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T 840849 UIR-ES YeRl= W<l peak P9 fraction
No 12-30"1 fractionS 3]4=3}4] amicon centriprep o=
F=3IATE 3 w53 G484 NE Sephadex G-1009]
J-8-%]0] gel filtration 3130, GA8AJo] YEh)= fraction
No. 20-30%12] sample2- 3]4=3}<] (Fig. 3(b)), amicon centriprep
o7 OA F53ATh

(a) 01 )
009 t % e
-0.08 | 4 )

i 4 30 E
A K
vl
%U.UE L ||1», _ 25%2
o005 | |¢| 1548
(o] | J:[) i E}
5004 + # | 14
2 . 8
2003 | "l :
a | |
T 002 | )ﬁ
001 f .
0 P
0 10 20 30 40 50 60 70 80 90 100
Fraction No

(b) 035 )

0.3 1"
0.25 |

125
0.2

1
(=]
f=]
Keratinase actvity{unit/ml/min)

Absorbance at 280nm

0 10 20 30 40 50 60 70 80 90 100
Fraction No

Fig. 3. Elution profile of mutant No. 2 on DEAE-Sephacel (A) and
Sephadex G-100 (B) column chromatography.
Symbols: e, Absorbance at 280 nm; o, Keratinase activity

B. subtilis SMMJ-2%} mutant No. 22| vjke) Z=9]
keratinase “gA|9] A= B5F vpX|te] A oz} 71”01]/‘1

2+l peak”} YERIA] & °l‘* Ao 2 Hol UdA 4= o)t
o2 GAFATGL AFEE AT

Keratinase2| X2 =X

SDS-polyacrylamide gel 7195 oA EF Thade
BT ABE o83t FARLY EAFS ST A,
B. subtilis SMMIJ-27} A AFsl= keratinase 2] l"f_rx}ﬂ
28 kDaZ, mutant No. 22] keratinase2] #A}- 42 kDa

2 F2HE S (Fig. 4). SDS- PAGE *Poﬂﬁ T L
GAE =R veht 7} 84 o
g AU

71 By keratinase«] BAFS Pseudomonas sp.
KP-3642] keratinase #A+d-2 36 kDa [21], ASP. oryzae®]

EIE

keratinase Pr?(}%h% 60 kDa [23]°]™, Kocuria rosea®]
keratinase SAFFS- 240 kDa [24]= R ¥ u} glc} T3k
Bang [25]9] Bacillus sp. SH-517°] AJAks}= keratinase-%
BAjeko 5 1 kDaZ B 1%o] J=u], 2 Bacillus &

o) 2o B0l BA] ol 2 Folrh ek
e ‘—-_-L }\}\)\E} 2 04—?«] B. subtilis SMMJ-27} =2

ARV keratinase ] EXERE 71E9] BHuH OE #F
]’ Arkele GAx0] Al H] _’UL o & o] 22 A
< YehiH, UV H82 AR mutant No 29] keratinase

V‘ﬂ F2 AAE]E keratinased] B2 JHTE= U] &
A OE YEE
07 «—
67 — B -
48
30 «—
21 —
14 e j—
M A B M

Fig. 4. SDS-polyacrylamide gel (14.0%) electrophoresis of the
purified keratinases A : B. subtilis SMMJ-2, B: Mutant No.
2, M, standard protein: phosphorylase b (97 kDa), albumin
(67 kDa), ovalbumin (46 kDa), carbonic anhydrase (30 kDa),
trypsin inhibitor (21 kDa), a-lactalbumin (14.4 kDa).

2-0]- 2w 32| DEAE-sephacel ZZrtE 12304 1}
EPt B. subtilis SMMJ-29] keratinase peak”} 2714 SE|
(main peak®} minor peak)Z U2 Z& 1183)] £ of, UV
ZAYE Po]A mutant No. 29] keratinase A4+ W42 oA
T BAEF peak o= WHH o2 UER} itk o=
UV ZALE Q18 B subtilis SMMJ-22] keratinase & AA8AF
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