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UZIE|M Cellulase® MASHE SUZRIM Bacillus sp.

ﬁ F— =
HSH-8102| E2| ¥ &4 §4
ZIX|0d! - 5{MS2 - BAIEp
OISt ClMRIBSICEr ABMRIDES, OIRCiE RENRITA, (IRl E AEUHDE

At B3} ¥4 &, Hu) 258 alkaline cellulase 43 o] 5% 55 £ 8 F Fei A, w3 5l A 213
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At 2@ A9} AR 3G Aoz Qlee] wEFY
ANETY, AAETE 5 AE ol RS FofslEs
AHeR olgslEle Al AW o). Bacilluss T3
F2st SHNA B wj) 13 A Aol M A & E &
Z shlolth, Bacillus ¢ B 71| 2EL o3 @48 71
AE 9] B3 E4F teksiAl TH] 3tef ofe] 7HA] NHES &
o aA A4 2 54 S5, 185 Ao E ZyA A

TFEa Yot UZEA Bacillus & #5371 A% gZE)H &
Zrol] #3 AFE protease®} amylase, cyclodextrin glucanotransferase,

phosphatase, ~ [-mannosidase,  galactanase, phospho-diesterase,
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xylanase, B-1,3-glucanase 518 712 Bacillus 472 ©-F3
ARl 540l T2 4 dF7F A 540 Adode
zpol7} = Aoz B HArh, 4, 5, 8, 9, 18, 19, 20, 22).

UrEO 2 cellulase= B EA A Al (multi-enzyme complex)
£ 7R3t 9.1 endo-B-1.4-glucanase (carboxymethyl cellulase,
CMCase)9} exo-B-1.4-glucanase, B-glucosidase®] 37}A] component
2 FA4HA Ut} o5 B3I &4 % endo-B-1,4-glucanase”t
endo-B-1,4-glucosidic linkagedl F-2¢= 283l gy 4o
S 7k AEAY B exo-B-14-
glucanase”} 2183t cellulose chain®] B1EY WO 2 HE
cellobiose9} glucose THE HE3sly HEHOZT B-14-
glucosidase®l] 2]8}] cellobiose B short chain oligosaccharide
£ glucose FHZE HAFAZITHR). ©]213) cellulosed] H3&) AH=
Q1 glucoset xylose, oligosaccharide= -84 B4 A++S $13t
AFHA T4 1 ZHE F2o] SolAd o) EHoE

- 83k oulE zka1 Q1o cellulase component £6i| A
CMCase= AA2] B848 A7) HA7HE, & E2A44=
X&) B87H7} w5 38 o] ¥r= 2 qlvk1o0, 12).
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WA cellulaseE MRS H7VER ARS3H] fl3iME dEE
FGolA a4 4ol 3 AHEAA, chelating agent E
protease 5o 9FgAdo] E-& cellulase?] thaF Aike] @ ET)

B Aqoxs AQAZRE LHEEA cellulase B350 5
% Bacillus & T2 £e] - B3] wjsrs S5} oo
EA, 543 548 ZARICEN AP oE B8kt 3l
oM 7| 2EHE vhdstaat gk
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DA cellulaseE HiFels w9 E8]ol= 20% Na,CO,
2 Z2A" pH 1009 PYC ¥ viA|(1.0% carboxymethyl
cellulose, 0.5% polypeptone, 0.5% yeast extract, 0.1% K,HPO,,
0.02% MgSO, - TH,0, 0.5% NaCl, 1.5% agar)S AH&-3lt}.

LAY cellulase Wit FF2| F2| X vk

P24 cellulaseZ B4k #5E £2I317] S8 it &
& FE 9 Y] 5 4% 7Y AEE JEYEte] 10 mig
0.88%(w/v) NaCl &0l A=AZT. Z+ A& 0.1 mi& PYC ¥
218 B v 7l =gshe 30°CoA 72417 vk
5l 0.1% Congo red2 JAste] = Ewhhalo)e] 7))
wet 1z} AESEE 28] PYC vl A carboxymethyl
cellulose (CMC)YE AAT T FY FX2 avicel, cellobiose,
filter paper, xylan 5= 715l ZA|E w=ol Add #5&
%31 30°ColA 72212 200 rpmell A R1EF BT Wk
A QAEZS 45N cellulase complex  xylanase &S
FAVEI] 4 BAo] 11 5o 943 CMCase A4 75

FF st

22| Y cellulase Wit FF2| SH

ARE FFo] FeA, ajFsH, Aslery 4d 9 G AskA
2 7)E2] WH2 Biochemical tests for identification of medical
bacteria®ll W} HALGE A& 7]ZE 3] Bergey's manual of
determinative bacteriology 3 Bergey's manual of systematic
bacterology®ll 2}3te] FAH38IATHG, 11, 16).

BHSEAIZHOl 2 O] MR FA A

AR el A% AEE BB BEAE A8k 600 pmolA
wile) FREE Zqs)e] AYSAUOR, FFE A WUt
A g W ASACT Fa BHL SHANT.

2D M cellulase BM £H
A A g wiReIA 30°C, 72413 AREiARE v

ammonium sulfate® E3A A 4°CoA] 3% X6t g4
WA FAAZTE o] AWV 10000x golH 202 B
AR 0.05M Tris-HCl &322 (pH 8.0)CF 4°Col| A
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48717 B9 A& B3 S-S G4 B AL 9% 2EA
Yoz AHESIAT. ZEAN 0.1 miT 0.05M glycin-NaOH ¢
Z8-ApH 1009 &3ND 1%(wiv) CMC 7188 05mE &
st s0°CollAl 1083 WA CMC 7HElE AA8E
AL 3,5 dinitrosalicylic acid (DNS)oll <3 wh o wel
550nmollA FREE 27, vlAgFsEen 50°CeA 187k
1 umol?] FAFE WA= EAS 1 mitE BAISFATHIT).

B4 BMo| 2¥ xA

1) pH

A4 B4 FF pHE 005M Mcllvaine's 3-8 (pH 3.0-
6.0), 0.05M sodium phosphate 3-8 <4(pH 6.0-8.0), 0.05 M
Tris-HCl 9589 (pH 7.0-89), 0.05 M glycine-NaOH $H5-8-<4
(pH 9.0-10.5), 0.05 M sodium phosphate-NaOH <38 (pH
11.0-12.0), 0.05 M KCI-NaOH #ZF&H(pH 12.0-13.00 AME,
Z}Zro] pHOWA HA 252 §4 84S S48t ATt

AR

0 B4 FF 25k 40-80°C AtoldlA] 10°C 7HEoR &%
& 28l 848 &4 - vluste] Z2Askdnh

B0 obHY
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A 9519100, 9% LEolA 108 DAL
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o EAA ARGYAE A8t 1085 A § 718U
CMC £4(0.05M glycine-NaOH, pH 10.0)2 37138l
711 A Uit FEe AT

ot ¥ DE

LAE|Y cellulase Yot BFo| B2 W vt

AAAZRE £2lg 200459 nlAE F PYC HI oA
T#@A B haloyS FASHE TF H/C ratio (size of clear
zone/size of colony in diameter)®} &Zd] pHOlA] W%, &
& A4 FE AR s eE Adsiad) ddE dTES
PYC HAR] (pH 10.0)0] FE3te] Xt 3 24238t
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Vol. 40, No. 2 %2 T5 Bacillus sp. HSH-8100] AJAtsl= 42214 Cellulase®]

e FEHNOZ avicelase® CMCase, FPase, xylanase®l] )3t
Ba HEE s, o] FollA CMCase 840] =il
a7 FGoA Aol 973 HSH-810 FF-5 AT
Fu|AAD. TA R ANA FHE(halo)e] 2717t 55 359
CMCase &4o] =4 Ut £ A+ EXo] ey =
AZ}N A cellulase EA FAlo] =& F-FE Bedle=d 9o
2 A" HSH-810 &= &2 ¥iAQ PYC ¥IAE BIE3}
PYC ®j#1e] 7]d<] CMC th4l avicel, cellobiose, filter paper,
xylang 713t w2} PYC BlX|o] 0.1%(w/v) SDSE 713 6
z9 RS ZA 3°CAN 72413 WA T & 7
71d¥E CMCase®} avicellase, cellobioase FPase, xylanase®] &
A B498 3AS 29 2] 43 € HSH-810 T PYC ¥iA
A CMCE 713Z AREAS W CMCase E740] 7P ¢+
BHoH, 0.1%(w/iv) SDSE 718 vix|ol A= CMCase E40]
60% BE ZHaEATHTable 1). B A@olA E2E 75 oA
CMCase &/g0] 71 9523k HSH-810 58 ¥ A 34
42 HF HAsHLeH, o] I cellulase complex 3
CMCaseE 2 A2392.7 avicellase, cellobiase, FPase 2
xylanasex 9] A4FstA] 234t

UM cellulase Mt FFo| SH W 54

CMCase &4o] 733+ HSH-810 TFE pH 7.09] nutrient
brotht} 1%(w/v) CMC7} 3718 nutrient broth, glucose-peptone
broth 5 4 HiXollMe F2lekA] gnernz 7o 54 A
o BE pH 10022 ZAE #jA2 AH8stsdct.

E2l7 HSH-810& BA3817] 918l 548 AR 23 & &
FE Gram WAY) 7HEo g FA9l A7E (0.3-0.7)X (3.0-4.2)
um®]Giat 571489 2 BT O Z Bacillus 4 dF9} FASE
Ao 2 AN OH, AIENAEH AAEnH 9] A= Fig.
1 2} @ged wiAeA ASshe 34Ee)4<] HSH-810
TFe Ade 71& F4 Bacillus 4 &A= Aojrt wow
Hej, sjFetd A4, 48Ey 54 2 35 o84 Foll tigh
EA42 Table 29} 20 39484 nAES 35012 T Na©
< HAVRHE ASo] £AHE Aol OB R NaCl 55 0-
10%2 Z33s}a HSH-810 TF9] ASAHE Z2AIATHI4,
15). NaCl& H7bslA] ¢8& A-olle ASeHA QUL 0.5-2%
NaCl BEENNE A5 7t F5dtgen 579045 A5o)

Table 1. Enzyme activities according to the composition of the various
media by the isolated strain HSH-810

Medium Enzyme activi{y (8)]

Substratt  PYF PYA PYX PYCB PYC PYCS
CMC 0106 0094 0070 0.121 188 0743
Filter paper 0018 0004 ND ND 0007 0.005
Avicel 0009 0021 ND ND 0006 0004
Xylan 0010 0014 0381 0.101 0241 0.183
Cellobiose ND ND ND ND ND ND

ND: Not detected
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(A)

Fig. 1. Phase-contrast and electron microscopy of the isolated strain
HSH-810 cultured on PYC medium at 30°C for 72 hr. (A) Phase-
contrast microphotograph (x 1,000) (B) Dual-stage scanning electron
microphotograph (x 13,000)

TFsatd o 109004 B5E BEE  gIAh B Kitada
=0 24 uiAlo)] Nat S H7lsld TULEA Bacillus & T
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5% NaCl& 3718 pH 6.0-7.59] g 2 T4 viAlolAM= A
o AS3HA] Akth(13). Aol tigh W8-S Hlwa Zetd 7%
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HeE
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A4S 2ARE A B 75 15400071A]9] HeellA AlSo]
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W e A0 Z JEIYTFg. 2).
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HIng A3 B 75 pH 10.000A4 718 4o Eem 713
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Table 2. Characteristics of the isolated strain HSH-810 1.4 2

Morphology 12 | Q.

Shape Rod | ™y @ 415
Cell size(um) 0.3-0.7x3.04.2
Motility Motile

Gram stain Positive

Spore size(jim) 0.6-0.8x2.2-3.0 04 b
Spore shape Ellipsoidal ’ o 105
Spore position Subterminal 02y /

Characterization of cultures ol R 0
On nutrient agar plates : 10 15 20 o5 30 35 40
Form Circular
Surface Smooth Termperature (°C)
Elevation Umbonate
Margin Entire
Opacity Opaque
Brilliancy No glistening
Growth® in
Peptone broth +
Nutrient broth +
Nutrient-1 CMC broth ++
Glucose-peptone broth ++
Strict aerobes in PYC medium -
Strict anaerobes in PYC medium
Growth in NaCl
0.0 -
05 ++
1.0 ++
2.0 + S —
50 + 7 75 8 85 9 95 10 105 11
7.0 - i H
100 P
Growth conditions Fig. 3. Effect of pH on the growth and alkaline cellulase production from
Optimum Temperature(°C) 30 Bacillus sp. HSH-810. — O —, Cell growth(A,,); — @ —, Enzyme activity
Optimum pH 9.0 (Assy)-
Biochemical properties
Nitrate reduction +
Indole -
V.P.
Oxidase
Catalase
Esculin
Utilization of citrate
Hydrolysis of starch
Hydrolysis of casein
Hydrolysis of gelatin
Utilization of sugars
L-Arabinose
D-Sorbitol
D-Glucose
Lactose
Salicin
Cellobiose
Maltose
Sucrose
D-Mannitol
Raffinose
Inulin
D-Galactose
D-Xylose
D-Mannose
Inositol

* -, No growth; +, Normal growth; ++, Affluent growth

0.8
0.6 r ®

Growth (0.D.)
Enzyme activity (U)

Fig. 2. Effect of temperature on the growth and alkaline cellulase
production from Bacillus sp. HSH-810. Symbol — O —, Cell growth (A);
— @ —, Enzyme activity(Ass,) -

Growth (0.D.)
Enzyme activity (U)
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Table 3. Effect of various carbon sources on the alkaline cellulase
production from Bacillus sp. HSH-810

¥2] == Bacillus sp. HSH-8100) A2k €7l Cellulase®] B4 143

Table 5. Effect of mineral sources on the alkaline cellulase activity
produced by Bacillus sp. HSH-810

Sources (1.0, w/v) Relative enzyme activity (%)

Glucose 25
Arabinose 2.1
Galactose 0.0
Xylose 1.5
Mannose 2.0
Rhamnose 0.9
Sorbitol 0.0
Mannitol 14
Inositol 00
Salicin 0.0
Lactose 0.0
Cellobiose 0.0
Maltose 0.0
Sucrose 0.0
Raffinose 35
Inuline 7.5
Soluble starch 13.0
CMC 100.0

Table 4. Effect of various nitrogen sources on the alkaline cellulase
production from Bacillus sp. HSH-810

Sources (0.5, w/v) Relative enzyme activity (%)

Peptone 100.0
Tryptone 835
Yeast extract 76.0
Beef extract 394
NH,NO, 18.4
(NH,),50, 0.0
CH,COONH, 0.0
NaNO, 0.0

275 3t AFT= ©] peptone "H” 05%° e FArds
Hrkste] Agsisact. 71 2233 FolE peptone, tryptone,
yeast exract®] O2 [ FAo] l"—ﬂ velem F7)aa
IPEL B g o BT REYR Ao gddrt

5 F719%

2] Foll HrbEE F71ERIF A Ak v
ol QITHTable 5). T S0l v]X)E= Hr|de o
iAol BE B719-E AAG g HRTR 3u 4F §)
FE 0.01% H7IE AS AFTE S5t o] o] Mg =08
pH 10028 Z43 wix|E 30°ColA] 72413t vl %34T}, CaCl,
9} CoCl,, KHPO,, KClol| eJalir= o] EAdo] Frsle

53] CaCLS}F CoCLe] 7} Alelle F719& H7FstA] 92

2ol nlete] Ad Aol 2uf o] Frletdoh 1Eu
MgS0,8} CuSO,, ZnSQ,, FeSO,ol 2la| M= 2HAdo] AA3| A
sl5l= Aoz YERdt)

Mineral sources Cell growth Relative enzyme activity
(0.01%, wiv) (Agoo) (%)
Control 0.680 100.0
CaCl, 0.881 2384
CoCl, 0.873 196.8
K,HPO, 0.816 155.6
KCl 0.676 144.1
MgSO,-7H,0 0.293 23.1
FeSO, - 7H,0 0.256 6.7
CuSO,5H,0 0210 ND
ZnS0O, 0.275 ND

ND: Not determined

Table 6. Comparison of the alkaline cellulase activity produced by
Bacillus sp. HSH-810

Medium Enzyme activity (U)
PYC 1.843
PYM 2.088

HHEAIZIO M2 Bacillus sp. HSH-8102] &z} 2|y
cellulase 24 £H2ko| #i5]

471 AdelA vehd gk, A4, F7I197F o3 a4
49 Wsls Fuste PYC HHXH z24 FolA cacL, %
CoCLE 22} 0.02%% 71313 MgSOE AIAE PYM HixE
zZA el B-EF Bacillus sp. HSH-8102 wjoksl & a4 &4
& ZAE A3 pYC WXl W) &4 4o oF 13% 7T
SFATH(Table 6). 123 7| vix|ol| A9 ulek AJ7te] whE
4 Ao BiglE 7 HE T 4T AR A THAHe R
ZARIAT o] TS HE AR F FE5% S48 B 48
AZhel Hule) Z28 el wbE g40] Ak o F29] i
F7) Zukel 1827 A3 2718k 72417 A 84S
WERNI I THFig. 4). B A7 &4 cellulaseE AFHFH o=
2-83}7) A8+ Bacillus sp. HSH-8109] EHo] F 25 53
Ho|FE Nesln, I cellulase FHAE F23HA
Bacillus| 4 Yy Ao g G4 S FoiAZ =
e Aoz werEn),

0z

23| M cellulase =X pH2} pHO’" st 54 otX
G2 cellulase A pHE FA317) 94314 pH 3.0-130
s UellE 94 7HA AR gE %%% NS Z A sk
CMCE 1%%A -&3A17131, o] & ZEALNAES
I g4e 233 A3E Fg 59 2tk B aaE §hgd9)
pH7} 100-11.5¢ o] vl A & T4 48 BHHoH o] ¥
A2 golupd &k F4do] BASHaL, 53] pH 10.50014 713
S 84 42 XYt Horikoshi 52 Bacillus sp. No. N-4
57} A2 cellulase®] 3] pHE 6.70]8}a BN, Ito
52 KSM-6357F 2K cellulase®] &4 pH= 9.5¥ 0L B
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Fig. 4. Growth and alkaline cellulase activity of Bacillus sp. HSH-
810. — O —, Enzyme activity(A,,); — @ —, Cell growth(A,).
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Fig. 5. Effect of pH on activity of the alkaline cellulase produced by
Bacillus sp. HSH-810.

38 v} ik, 10). %3 Shikada 5& Bacillus sp. KSM-647}
AN G40 HZ pHE 85958k Budk Axke} Hlwshd
B Ado)| X AMEF Bacillus sp. HSH-810 w571 A4
cellulase= BX -2 pH FHol|A & vehlle sg¢4EA
A4S ¢ F Aok, E3 42 YUE pH(pH 3.0-13.002
2% ZEALAS 5°CAA 24AI X T JE g4 BYE
4, pHell theh 54 MRS AESY Fg 6 22 235
AAJt B G4 pH 6.0-13.0 HYlA eHgE8r}. Horikoshi
5ol B3k cellulase2] 739 pH 6.0 ©|3H} pH 10.0 o]’d
Me 540 840 S48 Aslstal pH 4.0% pH 12.094
< fho & FAdol A YUAPTHE). WEHA Bacillus sp.
HSH-810 57} 243t cellulases W2 pH 8904 QAL

yehfol 443 olgo] 7hsd ZAeg AlgEnt.

QUUBIM cellulase EMO| Y 2Eo} 20| chEt 4
ory M

QEA) cellulase BAJ0)) T)H= ¥ES &% EIE ZAS|Y]
9J3te] 0.05 M glycine-NaOH 9+5-8-4(pH 10.5°] CMCE 1%
A SN, o] EAL Ha LR 10-80°C7A WA
718N FaLNE FhEka B4E 34T A Fig 7ol BAIH
o] & ule} o] specelM 7HR Ee AL Ueh)th o

Kor. J. Microbiol
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Fig. 6. pH stability of the alkaline cellulase produced by Bacillus sp.
HSH-810.
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;\3100*
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=
S 60 |
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o
g 20 |
O L L L —_—
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Tenperature (C)

Fig. 7. Effect of temperautre on activity of the alkaline cellulase
produced by Bacillus sp. HSH-810.

+ Shikata 5] Bacillus sp. K-199} K-647} A8%4Fst cellulase®]
2 257} s0°cq] B dHsATheL. o] Aol whet
2 AY9 84 84 &3 212 33 2790 pH 105, 50°Ce]l
A et s o 714L FY pHY 0.05 M glycine-NaOH €%
B BAste] AE3IHT) T3 B G4e 250 tdk A
AL Al B A3} Fig 8014 R upel o] HF 259l
S0°Col A 604 7HEsld R E4 A9 Hall A glnler
60°CollAE 60% 712 ¥ 42%9] T 84S FAFS=E v
2 gofl eHgsitka AlsETh

Higan el yg

Zasd wAe AUBGA FIFs golrr] A5t
sodivm-o-olefin sulfonate (AOS)$} linear alkyl-benzene sulfonate
(LAS), sodium dodecyl sulfonate (SDS), Tween 20, Tween 802
2zt 0.05%, 0.1%% A7t dz79h vlusty a4 S4%
223 A= Table 73 2t} 005%2) LASSH SDSE H7)st
e W= 19%9 ANE Lot A 0.1% AWLAAE A7t
35S o LASOIME 95% 8% AsHR e ohe AlEEdA)
Ne wElrl 9%tk Shikata 52 Bacillus sp. KSM-19,



Vol. 40, No. 2

120

100 O,
80

60

40

Relative activity (%)

20

0

20

30
Time (min)

Fig. 8. Thermal stability of the alkaline cellulase produced by Bacillus
sp. HSH-810. — O —, 90°C; - @ —,80°C;— A -, 70°C; — & —, 60°C;
-0 50°C.

Table 7. Effect of surfactants on the activity of crude enzyme toward
CMC '

Relative enzyme activity (%)

Surfactants

0.05% 0.1%
AOS? 89 87
LAS® 81 5
SDS¢ 81 79
TWEEN 20 91 98
TWEEN 80 95 106
Control 100 100

*: sodium-o-olefin sulfonate
® linear alkyl-benzene sulfonate
“: sodium dodecyl sulfonate

KSM-64 TF-5 Blste] ket A0 gk AlHEAdAe] o
3k HAESE A3 pH 9.0, 40°C2] 2794 0.15% <] SDS7} K-
199} K-649) EAE 747} 255, 73%% AU Bug vf
ATh21).
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ABSTRACT : Isolation and Characterization of an Alkaline Cellulase Produced by Alkalophilic
Bacillus sp. HSH-810
Ji-Yeon Kim!, Sung-Ho Hur? and Jeong-Hwa Hong (School of Food & Life Science and
'Genome Research Center, Inje University, Gimhae 621-749, Korea, "Division of Food and
Biotechnology, Dong-eui institute of technology, Busan 614-715, Korea)

A bacterium producing alkaline cellulase was isolated from soil, leaf mold and compost, and was identified as
alkalophilic Bacillus sp. HSH-810 by morphological, cultural and biochemical determination. The optimum cul-
ture condition of Bacillus sp. HSH-810 for the growth and alkaline cellulase production was 30°C and pH 10.0.
The maximum alkaline cellulase production was obtained when 1.0%(w/v) CMC, 0.5%(w/v) peptone,
0.02%(w/v) CaCl, and 0.02(w/v) CoCl, were used as carbon source, nitrogen source and mineral source,
respectively. The optimum pH and temperature of the enzyme activity were pH 10.5 and 50°C, respectively.
This enzyme was fairly stable in the pH range of 6.0-13.0 and at 50°C. For the effect of surfactants, the activity
of alkaline cellulase was stable in the presence of sodium-¢-olefin sulfonate (AOS), sodium dodecyl sulfonate
(SDS), Tween 20 and Tween 80, but inhibited by the presence of 0.1 linear alkyl-benzene sulfonate (LAS) sig-
nificantly.



