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$Bo2HE cellulaseE AL v]PE-E congo red G4 GA2A-E 8 U3l cellulase A o] $-3t
& Rel3gic). Helde AsehH, ey, dA At 248 AR Bacillus subtilis CH-100.2 54 31g .
Helo]l Buldl= A BA 3 A4 20 2] pH 7.5 F wioR&E 50°C 2] 3L 484)7F wijoko] 714 A
P4} TEANA CMCase HALXTE 75°CoI9l 3, S5 A-2 50°C7HR] 70%9) A48 A5
ZH oA CMCase 33 pHE 7.501%01, pH SPIAL pH 7.5~9.008 G0l A 70%9] EA2UAE FA8Ig). ¥
gl FE CMC A4 37°C, 244]7} Wi ekA] vreld CMCase$} FPase 8432 242} 1.13 U/mis}t 0.16 Uimi 921}
avicelase?} B-glucosidase®] AL 7S =A] v}, CMC-SDS-PAGEMPE L2 372 HAEA bandE Q151
3, Cel 1 Y Cel 2 28|30 Cel 39 BA =S Z47; oF 39 5! 41 18]3L 57 kDao| gl
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Cellulasex= 21 BA AZFH] 40%014E A= T2 +
Z FR9l cellulose®) B-1,4-glycosidic AES 7FFESA7 =
B2 endoglucanase{CMCase, EC 32.1.4) 2 exoglucanase
(avicelase, EC 3.2.1.91) 2] cellobiase(B-1,4-glucosidase, EC
321202 TEHAAD(0,19). AFHLR o8I}t ®E
cellulaset=, FAFFANAME S0 EHs &307 43188
Fol7] fg A2 Ao, X E ALl e A, 9
FHolAe AAE AFY BT F29 A& A% AA
2} indigo2 G AulAe] BAEALE AEET Yok E=JH
AFHPINE HY 259 AT A Fof o] &HI Utk
(1,9,

UutE 0. F celluloseE ¥dst= AT 22 Bacillus sp.
(8,12,21), Pseudomonas sp.(3,18), Clostridium sp.(7,11) R Cel-
lulomonas sp.(4,5) 5°] & Ut

F3o)ol = endoglucanase®} exoglucanase 18]l B-
glucosidase”t FA EASIA olFe] FFHEo s
cellulose23]7} £ L, Ak gol = cellulased] E45 &
7 ArkslA] Zsfe] Fgolo) wls) FujFos o] yitke
9ol Avkn). 2y FFole AT F2A A3 &4
£ Kol vlg) dubdad U84 T $4, dze|delA
248 vehile o571 el RaHn o 856 ge
cellulaseZ A=3}7]ol] -§ol3h(10), T3 EAAESH FHo
Ae wjgAzre] &1 fxAL 2ol goldlthe AR o] o]
ATl A AEE cellulaseo]] &3 A< vl vk 3ot
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weld, B dos RO ZHE cellulose B3| A4S
HISH= Bacillus sp.& £ - 43 A9 At vl
FZAT} cellulase BAS ZAFSFHTE
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Cellulase 7 HrHt-& #eldl7] Adle S-RAIRE 10714
HXE] A3}l ©l5 0.1% peptone™ AP T HEksto] Ao
A 2087 HXF T CMCIANMIA0.1%  carboxymethyl
cellulose(CMC, medium viscosity, Sigma Chem. Co.), 1.5% Bacto
tryptone, 0.5% Bacto soytone, 0.5% NaCl, 1.5% agar, pH 7.0
Tt 37°C, 24X wkstTh 2 vl AL 9 &
5 ThA] CMCILA Ao HFsta, 37°Col A 12417 v
% 0.1% congo red(Sigma Chem. Co)Q0YE A3l clear zone2]
5 1T 2N celluloseS H3leh= Pl ER AHallot

dte dFe] s g AEEA 542 “Bergey's
Manual of Systematic Bacteriology” (2)9} “Manual of Methods
for General Bacteriology”(6)0ll &35t £] - 53, oA
AZel xuhak 24 22432 Microbial Identification System
(MIS, HP6890 GC, Microbial ID, USA)S ¢85l T4
. FIDE 433 GCY 4L
silica capillary column(25 mX0.2 mm X0.33 um, HP 19091B-
102, USAYS AMESt] HY 258 27|85 170°ColA B9
5°C F7HAA 270°C7HA] FRem &4k AR H, 7EeE A
g3ta, FURe 7AE7] 258 47 250°C, 300°CE FHch.
GC B0 o)3le] Bal® 7} peak ¥ £ MIS Soft-

methyl phenyl silicone fused
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ware(Microbial 1D, Inc., USAYE 0|83} #F 229 n|R7E
A7k} Rlwsted AAslg o, peake] WAT =4 vl w
o TS S

Z=E54 =X

Cellulose #3112 0] Sle dFE cMCAA Ao HF3lo
37°Cell A 24417 WSS O wiFA S A AE-E1(14,000 rpm,
204, 4°0)3te HESHE FAE AASIAT. e Hl 80% X
3}-goo] BT ammonium sulfateE H7FE F 4°CoA 1A
7t XS g 15,000 pmoll A 3043 AAEIAA de 3
ZHEL 0.1 M sodium acetate buffer(pH 5.5)2 230171 AL
ZEAN0 R AN

sS4 EMEY

CMCase®} avicelase : 2% CMCE 1ml = 2% avicel 8
ol 1 mi%t 0.1 M sodium acetate buffer(pH 5.5) 1 mid] Z&
24 02ml H7VEte 4& ok 50°C F2zeA 1587 v
A7) & WS-l | mIE #H3FY Somogyi-Nelson(19)8} &9
Aekyo) 93l CMCase?} avicelase 42 ZstQ) &
Hhg-Z 7oA 98 1 umol®] glucosed] 4-33h= AT
B E

FPase : Whatman No.1 Filter paper(1X6 cm)$} 0.1 M sodium
acetate buffer(pH 5.5) 2 mloll &AW 02ml 715t 42
TR 50°C @2zolA 1217 BEGAIZL & Wk | mis #3}
Somogyi-Nelson(19)2] -3 el 25la] FPase BAS =
Ak BENRS RN FEF 1 umold] glucosedt] 2333}
= S-S Agshet 9ash AA%E 1unitE FEHTh

B-glucosidase : 0.1 M sodium acetate buffer(pH 5.5)°1 =<}
1 mM p-nitrophenyl-B-D-glucopyranoside (PNPG, Sigma Chem.
Co.) 04mi®t ZEAN 0.1 miE EFHE the 50°C 23x0)A
3087 9HAIZL B 1 mi9] 1M Na,COE 718laL /<% Sml
2 Z4ste] fEE PNPY] S 420 nmoll X SAEHTE BF
Hh3-Z A A GRS 1 umol®] PNPE A48l Hagh &
A%FE 1 unit2 AoBHc)

Fob

AMAMEN
AdE 7o) A2ANFALS dotRy] $18te, 7] pHE
0.1 N HCI} 0.1 N NaOHE AHE3le cMCwi#|9] pHE Ztz)
45, 5.5, 6.5, 75, 855 FAHIGR, FF wtexrs 44
30°C, 40°C, 50°C, 60°CollA ksl Aty Eho EAL
Z33tH

E28M0| DjX= pH &3

CMCase @43 i3 pHO| Y& Lotrr] A3), 0.1 M
Na-acetate (pH4~5.5), 0.1 M Na-phosphate (pH6~7), 0.1 M
Tris-HCl (pH7.5~9.0), 0.1 M carbonate-bicarbonate %89}
(PH 9.5~ 11)0ll ZAANLS FHr}eted 4oCollA] 24X7F wkx) 8k
T JEEYE 293t pH S ZARIAY HE whg
pHE #4: WA AMSHE WR-EYY F 4589d9] pHE
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2ejste] ARSI

g4MY0 oixl=s 25 &%

A e IEYE S A%l e enE A
AR F, ZE2HE FrEte] 30~80°CE SN wkg-S Al
ZAFBIGIL, 2EEAL 30~80°CE el A 1417 Bk 71
HEEAIA S0°Col M &S AABFE FAAT-

H7|9S2 Zymogram
SDS-PAGEE Laemmli W(13)0) 8t 125% 559 gel

Table 1. Biochemical and physiological characteristics of the isolate,
CH-10

Characteristics Result

Gram staining/Shape +, Rod
Catalase +
Oxidase -
Spore
Motility at 22°C
Acid production from:

Glucose +

Mannitol

Lactose
Maltose

Saccharose

+ o+ o+ +

Esculin
Arabinose -
Arginine -
Cellobiose -
Galactose -
Raffinose -
Salicin -
Sorbitol -
Sucrose
Trehalose
Hydrolysis of gelatine
Nitrate reduction -
Citrate utilization
MR test
VP test
Urea -
Growth at: +
55°C
<pHS5.5 +
7% NaCl

+, Positive; —, Negative
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S AHgEY e, zymograme ParkS(15)9] WS HE o
AHE-EFA Tk Seperating gel2 0.1%2] CMCE ¥3%313 1T,
geldol EA)3l= g BAAZ A A7) Y8t renaturation
buffer(1% triton X-100, 10 mM Na-phosphate buffer, pH 7.0)
E ARSI, renaturated gelS congo-red® FMgIO 2 B
AM=Z #9184t Standard marker protein BIO-RAD"
(Richmond, CA, U.S.A)E o]&3}xt}.

w2 W D@

Cellulose £3{2{0| U= O4E B2} SF

CMCE 8 wiA o)A 3483 dFF congo red FMNS
53l Ad" dFF cellulase Aol & #FE CH-105
Aursiglon] AubE 9 #5E Gram 449 84E 71
T {HoE, camlase WolW EXE Ak AR BEEH
AT PLENE AH Bacillus sp.F.25 (Table 1), MISE ©]&
st wAE AEEe] At 248 BAS 2F, Table 29
20 iso-C,5 o2} anteiso-C s, anteiso-C,, ., anteiso-C;., 5°l
FaABo 2 AEHUT Bacillus subrilis®] oA AP 24
I HERE o 0578 AZEE Bt} o] Fxol 93]
B-21F L Bacillus subtilis CH-102 % 533590},

B. subtilis CH-100] MMSHE cellulasee] 7|3 L}k
Beli B. subtilis CH-100] AJALSL= cellulased] E45 AL
5171 915k, zt7) thE 71 (Filter Paper No. 1, CMC, Avicel)
< H7HE wjRol FL 37°C, 24Xt vjkEte], CMCase 2
FPase, avicelase, B-glucosidase@4d& Z4315ATE. Table 39 A
A Az} o], AA cellulased] B3-S VER = FPaseB/d-2
RE 71294 FEHIHL, 3] endocellulased] CMCase”}
7V Bo] fEEolHch 18, avicelase®t B-glucosidase]
g8 FxEA @sict weby, B8 B, subtilis CH-109]
F3 cellulased] HAE CMCase®]H], CMCase 84 FEHo
A 7P HA3E 714 eMcEla AR E oIt ol d/as
a3k Alaro] MASIE cellulasedl 4 Fol4  avicelaseZ}
7V wo) MAMEURE Chey 5(4)9) Rashs YX)51A] &3l

Table 2. Composition of the cellular fatty acid of the isolate CH-10

Fatty acid Composition (%)
13:0iso 0.62

14 : 0 iso 1.78
15:0iso 26.52

15: 0 Anteiso 45.40

16: 0 iso 294

16:0 2.11
17:0iso 10.51

17 : 0 Anteiso 10.21

B. subtilis®] Cellulase EA 279

Table 3. Comparison of activities of FPase, CMCase, avicelase and f-
glucosidase on three substrates

Activity(unit/ml)
Substrate* ; -
FPase CMCase Avicelase B-glucosidase
Filter Paper 0.07 0.44 v 0
CM-cellulose 0.16 1.13 0 0
Avicel 0.08 0.49 0 0

*Either 0.1% avicel, 0.1% CMC or filter paper No.l (2x12 cm)as a
substrate source was added to the medium containing 1.5% Bacto
tryptone, 0.5% Bacto soytone, and 5% NaCl.
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Fig. 1. Effect of initial pH of medium on the production of CMCase
from Bacillus subtilis CH-10. The initial pH of CMC medium
composed of 0.1% CMC, 1.5% bacto tryptone, 0.5% bacto soytone,
and 0.5% NaCl was adjusted by 0.1 N HCI and 0.1 N NaOH.
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Fig. 2. Effect of incubation temperature on the production of CMCase
from Bacillus subtilis CH-10. The CMC medium controlled initial pH
7.5 was carried out at various temperature.

Bald B. subilis CH-109] &4 A4k B8E Eo)7] 98t
vz}l Z7] pHO} Wi 258 FARSIE. 7] pHUF &Y
bl WX FEFS HEIY] AstY 0.1% CMC® 1.5%
Bacto tryptone, 0.5% Bacto soytone, 0.5% NaClo] TfH
CMCHIAE 0.1 N HCIF} 0.1 N NaOHZ %7] pHE Z}zh 45
oA 857X 2 2G5}l CH-10& W F3tdS o Fig. 1A}
2o} wiA)e] 271 pirh 7.59 w) EAAI) M A UE
Wk Bt BA A VIRl FEE T wigk

= 30~60°CE 23] ZARIATHFg. 2).
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w/n40 6o

Activity (units/mL)

12 24 36 48 80 72 84
incubation time (hour)

Fig. 3. Time course of microbial growth and CMCase activity. Culture

medium contained 0.1% CMC, 1.5% Bacto tryptone, 0.5% Bacto

soytone, and 0.5% NaCl (initial pH 7.5). 6 ml of seed culture was

inoculated to 600 ml flask and the incubation temperature was at 50°C

without shaking. O , viable cell count; ll , CMCase activity.

el -2l B subrilis CH-108) Bjo¥z712 27] pH 75,
wokew 40°Cr} A Ao 71 AR Ao VERdTH

HHQEA|ZHOY HE ol ME W CMCaseBd#E

Fo) AR FABAE 27) pH 7.5 2L HFLE 40°CAM
12X)7F 7¥H o2 ZALS A, 36AIT oA i) AdEdE
7F 71 =9k, o] W] FEE 7.13log cfu/mlPlRATh. TSt
CMCase2] AR e QA2 XAt Fa= 484
7kl gk 7.49 log cfwmi= 7P% Bk, EAE WY 362
7} 71 B 849 Bo Fol AR fhof PP of
7re] AIZE 2ol E 1S o 57t AU (Fig. 3).

CMCase M0 OjX|= 259 HE

CMCased #7 ¥13-25 & 3}7] Y3t 40~ 80°CALo] ¢l A
A4 ukee AAEe] GRS 233 A= Fig. 4904 WE
W Az} Zo] CMCase HF ¥HEEE& 75°CO|H, 65~75°C

100 g —" A
~~ 80~ a .
4
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Fig. 4. Effect of temperature on activity and stability of the CMCase
from Bacillus subtilis CH-10. The enzyme activity was assayed at
various temperature for 15 min (A ) and the residual activity was
measured after incubation of the enzyme at various temperature for

1 hr(H).
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Relative Activity (%)

Fig. 5. Effect of pH an activity and stability of the CMCase from
Bacillus subtilis CH-10. The enzyme activity was assayed at various
pH (M ) and the residua activity was measured after incubation of the
enzyme at various pH for 24 hr (A). The following buffers were used:
0.1 M Na-acetate (pH 4.0 to 5.5), 0.1 M Na-phasphate (pH 6.0 to 7.0),
0.1 M Tris-HCI (pH 7.5 to 9.0), and 0.1 M cabonate-bicarbonae (pH
9510 11).

AbolollA 80%<) el A4S YERRATE CMCase®] &
B HES ) 9519 30~80°C Atole] 2EoM ZEANE
Z1zF 1AIZF Bt HIHE & m4 FEHL AT A,
Fig. 49} Zo] s0°colslolie 70%2] AEBAE FAGHL
1}, 50°Co) ol e A Bashs %S vt

CMCase #M0f| 0|xl& pHE| &

CMCase?] #A W3 pHE FAI8H7] $3t pH 4.0~11.0
wolejx 7147 whg-A7) & 284S FAT 29 Fig. 500
A B ule} gol pH 9.0904 Hole 848A4E Yehdsich
CMCase®] pH HAAS AES7) $15He] pH 4.0~11.0 919
SE gl YRS 2EANS Y1 EFF F 2T T
X3 F fAo] FELAE =3 A, Fig. 59 Eo| pH 75
oA 74 eFAsloH, pH 7.5~9.0 BN 60% o)de] Zt
E£84& FA3HA.

CMC-SDS-PAGES 0|28 28 o4 9 X 53

HjQkA|7bo ulE ZE AN EAshs By Exet A
AR ELY B AY geldolr A7) At 0.1%
cMCrt 239 12.5% SDS-PAGEE AHE&H] A7|96-2 31
thFig. 6). MFAIEE H3 2a40NE W/N9EE 2%, &
2}2F 57 kDa?} 41 kDag Goll A Vel gl A Eo] Alzbo] 73
Ho} wel W JAAE AL E 4 YU, renaturation
buffer2 A HAAANE AAF F congo redFHE Y,
3709 Wi=rt B8 Bgon, 1 FoA 41kDa B9 W=
7} 744 Wol T8 84 NHEYS 3 & 5 YU

24 Mze] Bx[ERe Fig. 73 o] XF dHo| o5t
Al O)EERNZH BEAFY AEuisge iEd EFEFHE
ZAste] FEATE Cel 1, Cel 28} Cel 39 BAFE 742} oF
39 @ 41, 57kDa®|Ath. Lim $(14)3 Park 5(15), Saarilahti
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Fig. 6. Patterns of extracellular proteins and detection of CMCase
activity by CMC-SDS-PAGE in the culture of Bacillus subtilis CH-10.
Electrophoresis was carried out in SDS-polyacrylamide gel containing
0.1% CMC with constant voltage of 150 volts at room temperature.
Gel A was stained for protein with coomassie biue R-250, and Gel B
was stained for zymogra with 0.5% congo red, 1 N NaOH and 1 !
HCI. Lane M contains the molecular weight markers: phosphorylase
b(97,400), bovine serum albumin(66,200), ovalbumin(45,000), car-
bonic anhydrase(31,000), soybean trypsin inhibitor(21,500), and lyso-
zyme(14,400). Culture time for lanes: 1, 12 hr; 2, 24 hr; 3, 36 hr; 4,
48 hr; 5,60 hr; 6,72 hr; 7, 84 hr.
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Fig. 7. Molecular weights of Cel 1, Cel 2 and Cel 3. The molecular
weight of Cel 1, Cel 2 and Cel 3 was estimated by plotting the log of
the molecular weights of standard markers, Cel 1, Cel 2, and Cel 3 vs.
the relative mobility (Rf). Molecular weight markers used here were
phosphorylase b (97,400), bovine serum albumin (66,200), ovalburmin
(45,000), carbonic anhydrase (31,000), soybean trypsin inhibitor
(21,500), and lysozyme (14,400).

Z(16)°] BIE Erwinia sp.ol A AR Aid Baaa A
2RO 42 39, 35, 31, 27kDao 2 B A¥oM HUHE Cel 19}
Cel 2M=9t AAsh= Aoz F2E ozt 12y Kim &
(12)% Fumyasu 5(8)°1 BI¥ Bacillus sp.oix AAHE
CMCased] BAHE 95kDa, 92kDao & 918 Avle &
2 ol BYTh
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ABSTRACT : Isolation and Characterization of Bacillus subtilis CH-10 Secreting Cellulase from Catttle

Manure

Tae-1l Kim*, Jung-Dae Han, Byoung-Soo Jeon, Sang-Woo Ha, Chang-Bum Yang and
Min-Kyun Kim'(National Livestock Research Institute, Rural Development Administration,
Suwon, 441-350, and 'Division of Applied and Chemistry, School of Agricultural Biothech-
nology center for Plant Molecular Genetics and Breeding Research, College of Agriculture and
Life science, Seoul National University, Suwon, 441-744, Korea)

A bacterium producing the extracellular cellulase was isolated from cattle feces and screened as cellulase
activity was excellent upon congo red staining method and activity measurements. Isolate was identified as
Bacillus subtilis CH-10 on the basis of morphological and biochemical properties as well as cellular fatty
acids composition. The enzyme which the isolate secretes had the optimum initial pH and temperature for its
induction was 7.5 and 50°C, respectively. The maximum CMCase activity in crude enzyme solution was
observed at pH 7.5 and 75°C, and was stable for pH 7.5 to 9.0 to maintain 70% activity. When the isolate was
cultured in CMC media at 37°C for 24 hrs, CMCase and FPase activity was 1.13 U/m! and 0.16 U/ml, respec-
tively whereas Avicelase and B-glucosidase activity was not detected. When crude supernatant was used for
zymogram, three major bands, cel 1, cel 2 and cel 3, were detected approximately 39, 41 and 57 KDa, respec-

tively on CMC-SDS-PAGE.



