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Isolation of Cuticle-Degrading Bacillus cereus NS-11 and Properties of the
Enzyme Produced by the Bacterium
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A wool cuticle-degrading bacterium was isolated from soil and identified as Bacillus cereus (strain
NS-11). The cuticle-degrading enzyme produced by the bacterium had high activity against wool
keratin rather than casein. The optimum pH of the enzyme was 8, and it was stable between pH 5
and 9. The enzyme easily hydrolyzed denatured keratin, such as that which was chemically
modified, but hardly hydrolyzed native keratin. Amorphous wool keratin was hydrolyzed by the
enzyme more quickly with the assistance of hydrogen peroxide, whereas hydrogen peroxide was of
little assistance in the hydrolysis of pulverized wool fibers. However, in the presence of hydrogen
peroxide the enzyme modified the cuticle components preferentially without damaging the inner
components of the wool fibers. The enzyme produced by the isolated strain is thus expected to be
effectual in the shrink proofing of wool without decreasing its tensile-strength or abrasion-resistance.

[Key words: Bacillus cereus, keratin degradation, wool cuticle degradation, hydrogen
peroxide]
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b DTHh, EEBMEOBH I T BRico\T
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B EBREAERA L, Ao 217, 7 AB~OIERIX
BV &\ S BERDBAR T EEEEREOYHE T A
CF LRI ICRAEVOHRBEITS 5 EE
Z, K BRARA» OFERMEREO BB A > LBERY
EETHMEWMYBER L. FOBE, XEMTIAER
LBRbLhIEHYTEI VBT A LN TER. O
BEHROEE LECREEBHED 7 7 7 VBRAEAT B
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Table 1.

R B 5 %

FEMKOTZ7FHEE HBREEEHEILT B
P33 IA (Wool powder TA), ¥}#¥EZE IB (Wool powder
IB), ¥3 B3 F IC (Wool powder IC), ¥} ¥ 3 1T (Wool
powder II), ¥3#:3E IIT (Wool powder III), 3B £ E IV
(Wool powder IV), 2 /L7 , 7 Z¥}3K (Wool cortex) 75 &
DFEEFHEDPY Y, EEEKTEN.D D\ IXFTHEE
Fr v EBELELT, V=AY 5 F /19 (Wool Kera-
tin), 7 — /4% 7 4 v (Wool Keratein), v — L & 5
b — A1 (Wool Keratose) & i\ 7o, S HC, OO0
#EHE L L T7 =% — I — /L (Feather keratin) 38 X O
A 7 (casein) AWz, Tok, ThoLEEHREKREDS
5 F vEBOE# I X ORI OV TIX Table 1 I ¥
L.

A7N—= k% FHOH, BEBS, FEHE-
I, BRERCEOTEY R, MEAEERERE
# (BEfF=*2025%, MV 7 F0.5%, FAra—=
0.1%, #EX1.5%, pH7.1) EF P FF+ A+ r— AEX
B (A v BEW0X, TFAIR—22%, &
K1.5%, pHb5.6) M-9a FEXEEH (7' 1 = —R0.2%,
7Y w) v0.1%, BR=%20.01%, V vBZKE»
) 7 £0.05%, TREEE—# 7 KM E, Wk~ 7%~
v &7 KFH0.02%, TEEE S v A 4 KF0.02%,

Morphology and properties of various keratinous substrates.

Keratinous substrate

Morphology and properties

Wool powder TA
Wool powder IB
Wool powder IC
Wool powder II

Wool powder III

Wool powder IV

Wool cortex

Wool keratin

Wool keratein

Wool keratose

Feather keratin
[Casein

Raw pulverized wool fibers: mean width 13 #m, mean length 220 gm.
Mid-length pulverized wool fibers: mean width 13 gm, mean length 28 ym.
Fine pulverized wool fibers: mean particle size 2.7 gm.

Raw pulverized wool fibers treated with 2 g/ protease N* solution (pH 8.0) for
24 h at 40°C.

Raw pulverized wool fibers treated with 0.2 M mercaptoethanol solution for 2 h
at 25°C.

Wool fibers treated with 8.0 M urea solution and then 2 g// protease N solution
(pH 8.0), respectively, for 24 h at 40°C, followed by pulverization using a ball
mill.

Cortex cells were separated from wool fibers by strong agitation in 99% formic
acid, followed by hydrolysis with 2 g/l protease N solution (pH 8.0) for 2h at
40°C.

Insoluble amorphous keratin supplied by Kurashiki Bouseki Co., Ltd.

Soluble protein extracted from wool fibers reduced with 0.2 M mercaptoethanol
in 8 M urea solution for 8 h at 40°C.

Soluble protein extracted from wool fibers oxidized with 109 peracetic acid for
5h at 50°C.

Raw pulverized feather keratin supplied by Kikkoman Co., Ltd.

Hammarsten (Merck)]

* See Table 3.
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K 2%, pH6.5) DOFH 3 BEh ThicBERNIEE
EHR BBFEEID 0.15% F Nz E'BERXFERCHE L
AW 20-50 pl X B 1T ER L, 28-33°C THEEL
o, V=AU e — 2R Lca e
= = DOWTIRBROER RS TR E L,

v — RO BHERY L. DB LcEKY 7 ra— A
0.18%, BREE~ 7 % > 7 £0.06%, 1 7 <~ } —10.005%,
EY K+ v0.001%, 57 3 ~0.001%, BBEKEF0.1%,
) VALK 28 mM, pH 7.8 I EERE L, 30-32°C, 4-5
BEL,IEE SBEEL T . EELEY ¥ 7, vF o —
ZWAR, 5-10°C DK T, 8-208ERIBENE, BT
PR RAERE L, HERYS. HERK 1 % Ol
T A ERAY XEEME R IO ETHEMEYH T 7
F 7 VR, JERBEEREYEE L. Ibeh €T
YRBIOY SFUvHBERLYBIEL, FEENTAERE
E2 b DAY ZIR L.

BRREE XMEHETYOFECESETEFEN
HE AR

h¥4 o RRERREZE  » A VHRERLT
DHEC L >TRDI. BEREOImlT 1 X P EL v
BROSmI ZMZEBEAL, 37°CTIODREIA v+ 2
N— 1, 044M t ) 7 m e EEEE0.4ml AL, 204
MIZER I TEHEH, 12000rpm, 5 HEEOLHBE L.
EEZO05mIZ, 0.44MREEF PV 7 A 25ml& Nz,
2 fEF IR L7 Folin AFE 0.5ml N2 B L. 3040
FRC THER, FHER660nm TRIEELXRE L.
B, 77 VI/RBREEENRIGTAENC Y 7 7 aff
Maxinz, FEEREEEXIT- 7.

FSFUNRERRIEE s voRERRr s
FURBRY Ay I5FUvRERALUTOHETRD
7o. BBREOI1mliZ, 1%V —nyrS5F BB 0.5ml
Az EHRL, 37°CRT20HM1 v+ 2 X~ g,
044M M) 7 v e EEEE 0.4 ml PN %, 200 THIEEIKT
BB, 12000 rpm, 5 SR OHBELC. EEZ 0.5 ml
Z, k& RIERE Folin RFE THE IR, 660 nom THRXE
wRIE L.

FHpH FEFEpHIX, £H% pH B£EHFHKIC THE
D pH CHEL, HEHE 37°C BT 57 7F v IRIE
HRIEE TRD I,

pHREM pHEEMIL2-ROFEDE pH LI
WTEERH % 22°C T | ReETEBH OBAFEN %Y pH 7.0,
37°C I BT %7 7 F v fRIGEHRIEE CRD 1.

EBRE  30-80°C OREBHEAOERE TOMHE
MA pHIO KT D7 5+ VA RERHBITFE TR

7.
RS > NI IBEFRO 57 F > RERRAEE
MR r T 7 —¥ & U TREBEEE Bacillus BRIFD 7
m7TT7T—¥N (7<), FIFNEREEEDREOT
7 F 5 — ¥ EFRIE), KEHNEBE Aspergilius D 7
rFT7—HA(T~/) KAV, ThAOBERDr 5+
VORBREA ER L HERCE U TR,

B LARFEFCORBEERECHT 25
£y 7 F vEBCRT A BBLKERIFE T COBRE
P, BFRERE 5 mg/ml, @M{LKEERE2.8%, pHS.0,
37°C, 2 RIS Lictk, TEW% 18 L Folin RE T
RE - BIEAET AL L TRDE. ek, 75
v 7 & LTBBRILKERER Oy 5 F v EHEH B EE
KIEWRIELE & RO HETRD .

BEEKKRBERNESZ AR KERERE X Trin-
der'® DFHEWHE U TR, 7ok, RERAF LM
KTEHB /L2 —RAB-FA M+, P RFEHLE.

FEROBMRUEE S0g0FEELRAETIIO=
=ANE—HICAN, BRI RIS 7
F / — A R-1002 g/l, pH 8.0 I A% L BRBKIC T
B2 Le. A YEERE 37°C & Li1skfE
e S5, 50°0CIKABL, O SBMIIERE > T54%
BT, 7ok, RE S EE12200[E /2, #RIE
25mm & Lo, AAEE, EEHXBXEm LU, Kk,
90°C CTHRIFME TV HK, L.

EENEFHEASBE BRRUCFEEREAROE
E8EL, 1AV A, 29 v 7B JFC-1100 (A
BFHE) clh&=—74 v/ Lk, EERNETH
B JSM-T100 (HAEFHHE) *HUTHEEE
25 KV, f53 1500 TFT - 7.

EBRERELUER

IFINDRBREBEREEFOSS  LFE5008E X D
—RAZ ) —= v IDR, RBEOBRIL-THELS
e —JUREENOK XI5 EmlR Y BIRL, fREELY T
V, TR r RSB TH D Z R L.
BT, MO BE LB DEBERY AR, FERME
CAER I EBEHEC LI VBEL, 75 7 v ilDE
BERRONhAD T 4 7V A fbriR s X 1TEKRICE D
RAKE. £ LT, 7 5F v RBIGEHENRS » L b REL,
H LA VO RIEEEO /N E W L ERE RO L, NS-11
EmA L.

SRMEAKRORE EHERERROKEER Table2 i
AT BORLEFEHMEE Y H, HBEK NS-11.12
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Table 2. Characteristics of the cuticle-degrading micro- B o1y, pH6-9 DA NEFE TIEMRED 5 T,
organism NS-11. pHREME Fig2@rTXro5k, HEFiXpH
Characteristic Result 5-9 DA CEIH TEETH - 1o,
Cell large rod EHREE Fg3wrTiow, HEBEROZHRE
1.4-1.6 X3.0-7.0 pm 1259 50°C FHL TH - 7223, 30-60°C TE — 7 {FEHDOF
Spores ellipsoidal 0.9 X 1.3 pm {BLL oD KEFEM A7 L.
Stain Gram-positive at least +
in young cultures BEHRRE HEROEHFREY 2D DI, K
Motile + W5 v 0 EECHD A EA ¥ EATEREE & ¥
e * IEEDY =y 7 F VKT B AR L TR = 7
xidase -
— ¥ i 3 -
O-F | oxidation 7 = XD RES T RD, TOEFE% Table 3 1ZRT.
Anaerobic growth + EHER Folin BRI L Y Rd/cF e v vEBEETE L.
Degradation of glucose + BRELUTERECENLEDLNDD, HRE X OHE
Formation of indole - FE b —EERDI ) OBRRENH L7 TV Ted
Lithomas milk hydrolysis (quickly) BRI BT B & ST Tw. LinL, {Hx OREEK
Reduction of 0.1% methylene blue + Yot = £ ’ DEEFRIC
Utilization of citrate + BT D7 7F v BERCHT P S v BIERO K
G.rowth at MacConk‘cy. agar — HEAZ LRI, BAa0BEORBEBERMENFNMTE,
Nitrate reduced to nitrite + HREE LTI L O HENTATEE L 70 5. Table 3 19
Growth at pH 5.7 nutrient broth + NN Ly . .
Hydrolysis of esculin - CA VY= T F IR AR LIS, RO
Egg-yolk lecithinase + TEHEETIREER O L h & BB /NS 2 Eaddodn
Voges-Proskauer test + A. ¥t, THEEBEEOP I vT 7 —¥ ADOHEN
pi n VI broth > BUL TV 50, ZOREABROFHED + 58
ydrolysis of urea - ) : . s
Hydrolysis of casein + EThHbh, KERII VBRI THID V25, Thb
Degradation of tyrosine + (slowly) b, KRB s v 7 BOMEROERE LT -
Degradation of DNase + TWABKEBHERE VAZBETHH I XA VO RREEITNZ
Hydrolysis of tween 80 -
Hydrolysis of gelatin + 120
Hydrolysis of starch - i
Deamination of phenylalanine - -
Growth temperature 12-47°C (suitable 37-41°C) 100 |
Growth at pH 4.5-10.7 (suitable 6.5-8.0) & -
Growth in NaCl 0-7% : 80 I
Acid from (7 d) X I
Glucose + E
Xylose - s °r
Sorbitol - q>> |
Glycerol + ‘3 40 |
Mannitol — %
Dulcitol - o< a0 |-
Arabinose —
Lactose -
Salicin - 0 L
3 0 2 4 6 8 10 12 14
+, Positive; —, negative.
pH
Bacillus cereus LA 012, Teds NSAL @ =227V V3 Fig. 1. Effect of pH on activity of the cuticle-degrading
IOF v T v EDEBTE I\ TEEED B cereus LT R enzyme. Enzyme solution was incubated with 19 wool
ot keratin (insoluble wool amorphous keratin) in different
. o ~ . buffer solutions (0.2M Britton-Robinson wide-range
Fi& pH Fig. 1 /C/" T & 51, Bacillus DEETS buffer) at 37°C for 20 min. Enzyme activity was deter-
HEEOY — Ay SF ViR 5EH pHS8 TRRAT mined according to the Folin method.
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Fig. 2. Effect of pH on stability of the cuticle-degrading
enzyme. Enzyme solution was incubated in buffer solutions
(0.2 M Britton-Robinson wide-range buffer) of different
pHs at 22°C for 1 h. The resudial activity was deter-
mined at pH 7.0.

U=y 5F Vv REESPKEVEE R > T\ 5.

¥EREBELBEREY  BEORFEMME
BIOCHERRDOKEr 77 vEABCHR T AR LT
W7 eT7 —EDOHRBIENDOHE AT\ Table 4 /R L
. HHEOBEZFNEHDOBERTDOY — L 5F Vi
REE Y KA L LoHNEE TR L.

Table 4 LB LA X 51T, BBELRIB, A1 H 7
b g = VB LICHBEE I FEYRRE L0
FEMB U LIcBEEIV, 2 AT o 7 AHEKE
L7 =¥ — 1 =D X5 REERERS JOPERFO

Temperature (°C)

Fig. 3. Effect of temperaturer on activity of the cuticle-
degrading enzyme. Enzyme solution was incubated with
1% insoluble wool amorphous keratin in 0.2 M Britton-
Robinson wide-range buffer solution, pH 7.0, at various
temperatures for 4h. Enzyme activity was determined
according to the Folin method.

BUESYBR LYy SFVvEBH LTUL, WThoE
RV -y 7F VOSBRI —MOBRYEREE
SEER T L. b, 777 —E¥NRT 2F 5 —
Y ELABEOSBEROKE NS, KEROEM
TRFT—ENRT 7+ F—€EDFERED 1/5-1/10 D
BEETH-T. CORBRIL, BUKTEEEEAETH-T
bV -y TF VIRFERERR OSKILEE AR,
ZEESLEL, BHALR TV ERBRLTVBEE
z2bhb. —F, BREBEYRI-TKIBETHD VY —

Table 3. Activities of the cuticle-degrading enzyme and several commercial proteases on milk

casein and wool keratin.*

Activity (units/mg)

Name Source Supplier Raio®
Casein Wool keratin (Casein/Keratin)

Protease N Bacillus sp. Amano 2.121 0.0415 10
Protease A Aspergillus Amano 0.178 0.0398 0.088
Actinase E Bacillus sp. Kaken 2.394 0.0361 1.298
Crude enzyme

Lot A B. cereus 0.004 0.0790 0.011

LotB B. cereus 0.127 0.0838 0.030

Lot C B. cereus 0.038 0.0506 0.015

* The enzyme solutions were incubated with 19 milk casein at 37°C for 10 min or with 12§ suspended
wool keratin at 37°C for 20 min in 0.2 M Britton-Robinson buffer solution, pH 7.0. The enzyme activi-

ties are expressed in units/mg based on the tyrosine concentration, which was determined according to the
Folin method.

2 Ratio of the activity on casein to that on wool keratin for each enzyme.
b Expressed relative to the ratio of protease N.
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Table 4. Activities of the cuticle-degrading enzyme and Table 5. Effect of presence of hydrogen peroxide on

commercial proteases on various keratinous sub-
strates. ™

hydrolysis of various wool substrates by the cuticle-
degrading enzyme.*

Relative activity

Wool substrate -
Crude enzyme Protease N Actinase E

Relative activity

Wool substrate
Enzyme only H,;0, only? Enzyme+H,0,

Wool keratin (insoluble) 1 1 1

Wool keratein (soluble) 1.28 1.55 1.66
Wool keratose (soluble) 0.71 0.81 0.99
Wool powder IB 0.06 0.57 0.89
Wool powder III 0.14 0.89 1.17
Wool powder IV 0.08 0.53 0.94
Wool cortex 0.09 0.75 1.08
Feather keratin 0.07 0.47 0.49

* Enzyme solutions were incubated with 1% wool substrate
at 37°C for 2h in 0.2 M Britton-Robinson buffer solution,
pH8.0. The activities of the enzymes were determined
according to the Folin method, and are expressed in values
relative to the activity of each enzyme on wool keratin.

STy —Lr T b—ATIE, ABERL =T
7T—ENR7 75> -+HEELABEDOKERIEREYR
L.

b qnb, AERIFEEHRRKRDO S v A2 BL
DH DK LTS WO BIEELY R T2, BEX RS
AEEEEYEETAIOCIIER LEVEETHD &
Wz B LIhio T, AERYFERMENTICER L
Bh, BHATOBG LI R TIERIRMOTER 7 »
TT —HR AN DB D LRI,

BREKRFETTCOFEERHOS BN  FERE
OBEFEMLEXEZHCT5EE LTELAES X < B
LR Tw3.9 Z OB BEIERREBRILE LB~ v
BN Y T A LOBFERRTHOGMER SR B HRE
REORHLRE DD, L&, BEELKRITERER
TOAR - KFIEBH L, HEERY L KEBELT T
H OB I B, £ 2T, ABEROE
FRMECH T A RIEEY B E L GREEEKFEOSN R
=W THRE L.

37, BEDRLDIFEMBMERROTNEHE Yy 557 V3
BREDISIBENBRENANL. TOKEY
Table 5 CRT. &3, VAV 5F Vi THEEE -
SBELKFRIEFE T OEMEIERERER s L OS8R LK
FEBOBEMERELINLIMEL h L AEL, BEELK
FOEFIE L TOENRD LT,

—7F, BRBREERE (1A, IB, IC) o5t L Tt X
NIch D EEER - B KFERF T OE®RIIKE
ofe. THIRKFEIVNEIL LD EBEMNEREDHIHD
FICEEBIKEL It bbb THS. Lol, ZOER

Wool keratin 1b 1.20 2.76
Wool powder [A 0.13 0.42 0.52
Wool powder IB 0.24 0.52 0.66
Wool powder IC 0.36 0.82 1.23
Wool powder II 0.03 0.66 1.34

* Enzyme solutions were incubated with 1% wool substrate
at 37°C for 2 h in 0.2 M Britton-Robinson buuffer solution,
pH8.0. The activities of the enzymes were determined
according to the Folin method.

2 The amount of protein solubilized in H,O, solution was
measured using the Folin method, and the enzyme activity was
measured. The valve obtained was identical to that expressed
as the activity of the enzyme.

b Expressed relative to the activity of the enzyme on wool
keratin.

B BRI KRERDO L e L\ BB SRR
DIEMEE I EAEE L. LI AN, TrFT —
ENZ LY DO UDESBES HRELICHBREE
MR LTI, YR O ABEREM TOH K
PET Lichd, BbKFExOHHET 5 L HEERERE
L OB LK R B OESEA B inz /oLl EofE &
feh, BOOLEARERTC I H0@EIHELELK.
ThbDZ bnb, FEREOBREBEY R THHE
TR LTC, BRI KRRIEEROY —Lr S+ ViR L
o X5 e D FRIREZD R AR S 7\, BERLKEL¥E
MAEVPRIET A LIt X v, KERIRIGTE HEM %
ERTHEBEE LTV HLDLHMTES.
BELKRFETTOBROLTEME BB LAkFEH
FERECIEL, AEROEERHE~DOIERALYEH T
THZEDRBDENICT &0, ¥, EEBEELK
FHFTAREBERC L ) FEBBHEY WE LI5S OBERR
FIEHR LOBRBILKRBEZE (LI OWTHEN. £0
R, BEDO S w77 — Y@ b KEOBILIER X
DAREZINICD, £FTEHEI 25 -XOERAICE viB
MIbKFEZKEMBRCAET B L0 EvbiTn
LD L, 6K X O 18K BH% TL66% LD
BREEMRICRTE D, BRBEKFRL20% T Ly
BL TN b T,
FEMBOBFLEIC L 2XEERELTE H\C,
AEROFEBMEA~OIERABE LR T 57100, KEER
BIO7r 77 —-ENXHCTAE LLCEEHREOE
HEEE B EFEMEY AV CHE L.
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Fig. 4. Scanning electron micrographs of wool fibers treated with enzymes. Wool (10 mg/ml) was incubated with enzyme
solution (5 mg/ml, 0.2 M Britton-Robinson wide-range buffer) at 37°C for 18 h and incubation was then continued at
50°C for 8h. The wool suspension was gently shaken in a dyeing chamber during incubation. (a) Original wool; (b)
wool treated with protenase N, a commercial enzyme from Bacillus sp.; (c) wool treated with cuticle-degrading enzyme

from Bacillus cereus; (d) in the presence of 2.8% HyO,.

Fig. 4 (I RAE s L UBRAE EBEOBRBB{EER T
B5. ¥, 7erF7—¥ENTREREZF 7 1LrBOW
RBIRFEI L E, MRREAEEIRINGEL O
ATy 7 AKRYBHLY 4 7Y AL LTV BT
ZHohD. Thiexl, FERTIE 7 57 1 {lilao—
BEBREL, 7F71=, CHEILR TV ABRTFIABRE
Ihd. LK, KK LBMILKEE OHFBAETIX
IFINDOBRELI7F I, DOYIBRNE b —BET
LTWAEFARENRS. L L, FERC X hAEZ
W ThoRR»L 7 4 7V b LIcBET R B0
bithot.

LlEDER, AERLFERTHC L hFEERR
DL I A BRIV RE L BRI T O REHE %
RYE LT D, ERAMCILERILKEE OPRANEET

B5EEZLRS.

= )

XX/ FINVSRUBREEEYBRR IV SREL
Bagcillus cereus & [E, NS-11¥kEHEL L. COHHEE
DEETIHEEOMBEYRACKER, (1) HEXRD
pH ZEMIL pH5-9 DRV FEIC e > TRETH -
7z, (2) HBSEOETH pH (1 pH8 fETH B4, pH6-
9 DR R\ ESELYFH L pHIC X 2B ich -
7. (3) HEROZEHRE I 50°C TH 52, 30-
60°C DIAWEEEACTHESEEY R L. B) V-1 ¥y S5F v
ADKEVERICHBE LT, (170 ES v ~DOFEFI
NEh ot (5) BEMELRE LLEEY, 55 VHE
~NEERLBPNEL, BERED Yy 5 F VADIERIZKE
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Mot (6) BBILKREPATLE, EBEMr 75 v
HHE T BRI BIRE S hicht, FEBBEORK
B R LR BN LS e o R ITHE
BESRh ot (1) L, ABERABEOFER
iz F 27 r0—WMBEBREL, 7F71r=, UNHILGR
Tty 7 4 7YV LR R b Righ - e, Eie, AR
KEELEOHAL L VHRATH o1, Doz &nb,
B. cereus DREFET 5 7 F 7 MV ERERIEERBHMEORE
L, BT RETHD XTI,

1)
2)
3)
%)

5)
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