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Abstract

In this study, we isolated a cellulase-producing bacterium isolated from traditional Korean fermented soybean paste
and investigated the effect of culture conditions on the production of cellulase. This bacterium, which was identified
as Bacillus subtilis 4-1 through 16S RNA gene sequence analysis, showed the highest cellulase activity when
the cells were grown at 45C for 24 hours in the CMC medium supplemented with 1.0% of soluble starch and
0.1% yeast extract. The initial optimum pH of the medium was observed in the range of 5.0~9.0. The optimal
pH and temperature for the production of cellulase from B. subtilis 4-1 were pH 9.0 and 60°C respectively. In
addition, the enzyme showed significant activity in the temperature range of 20~90°C, which indicates that B.
subtilis 4-1 cellulase is an alkaline-resistance and thermo-stable enzyme. This enzyme showed higher activity with
CMC as the substrate for endo-type cellulase than avicel or pNPG as the exo-type substrates for exo-type cellulase
and [3-glucosidase. These results suggest that the cellulase produced from B. subtilis 4-1 is a complex enzyme

rather than a mono-enzyme.
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Fig 1. Cellulase activities of the Bacillus subtilis 4-1 producing
cellulase isolated from Korean traditional fermented food.
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Fig 2. Phylogenetic tree based on 16S rRNA sequences showing the positions of the Bacillus subtilis 4-1 producing cellulase isolated from

Korean traditional fermented food.
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Fig 3. Time course of cellulase activities in the isolated Bacillus subtilis 4-1 at different culture temperature.
Symbols : A; cell growth, B; cellulase activity, @; 20C, Hl; 30°C, A; 37C, #; 45C.
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Fig 4. Time course of cellulase activities in the isolated Bacillus subtilis 4-1 at different initial pH.
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Fig 5. Time course of cellulase activities in the Bacillus subtilis 4-1 at different carbon sources.
Symbols : A; cell growth, B; cellulase activity, @; Soluble starch, Hl; Cellulose, A; Dextrin, O; CMC, [J; Glucose, 4; Xylose.

ZAI}Fig. 5), soluble starchE BAYOSFE AFE-319 S
7V B 4240 YERFIL dextrin F7HA % WA
a0l =7 et 23y soluble starch, dextrini}
CMCE A9 T2 A dS AFE3EAS W= cellulase
gAJo] YEhA ekttt cMCol M+ G484 o] Vel
2|5k cellulosedl| A= B4 o] YEFUA] @k, o]+
cellulase TF-Eo] FEa4E EA31, CMCE AEA}
87320 W, cellulose™ AtiEAto|al Eo thek 135

A; cell growth, B; cellulase activity, @; pH 5, I, pH 6, A; pH 7, O; pH 8, [, pH 9, 2; pH 10.

1.800
B
1,500
oy
=
= 1,200
=
_:
=
£ 900
g
=
= 600
=
L
300
0

0 12 24 36 48 o0 7
Culture time (h)

o] Yror §4 FEAEZNY TS 1A 3t AR
B3Itk B3 glucose}t 2] Al tANE dor]= ©4ad
9] 7%, cellulase S A7 AR LdHA U=
(23), ¥ A7 AEA gadel vEhd ATE of7]q
7191 & AR F5Hh

Ao e #FY A=} a8 PIAE %
< Fig. 60 YERAATE 9] A2 yeast extracts DAY
°F H7FelAS W 7P =4 BEEASH, tryptone, skim

o



Isolation and characteristic of cellulase producing B subtilis

milk, peptone, ammonium sulfate, ammonium chloride $=2.
2 #59) Ago] AZF Ao ety B3, 7o) A%
T=9} o] yeast extractE AP O Z HUIEtRS w) a4
Aol 744 ==t °o] & Hahm 5(21)3 Jeong 5(24)°]
AAUOZ 1% yeast extractES H718IHS W], a4 SAo]
71 =9t 2ot AR5 Yeast extracte] 3¢,
E} FAHo vls] 18439 cellulase AN A3+ B subrilis
4-1 vfjdol] AAdoZ BEAY Zoz HAHIUT 18

1.4

& B
= [

OD 600 nm
[}
=]

=
=

&
=

0.2

0.0
0 12 24 36 48 60 72
Culture time (h)

1.400

1,200

1,000

800

600

Cellulase activity (U/mL)

400

200

447

ammonium chloride, ammonium sulfateS 2}2} 37}
= A e a48A4S Vel O B subtlis 4-1
a4 Aite) o] 8T 4 gls Ao AZETE

N o [

49| o] o|x|= pH ¥ 2E §Y

B subtilis 4-1 757} A28 cellulase 32 pHE A}
317] 915t 2EAN| pHE DEldte] 484 24 4
7= Fig. 1A YEMIAT:. B subrilis 4-1 T57} Aaks}

Cellulaseactivity (U/mL)

0 12 24 36 48 60 72
Culture time (h)
Fig 6. Time course of cellulase activities in the Bacillus subtilis 4-1 at different nitrogen sources.
Symbols : A; cell growth, B; cellulase activity, @; Peptone, I, Tryptone, A; Skim milk, O; Ammonium sulfate, [J; Ammonium chloride, 2; Yeast extract.
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Fig 7. Effects of pH on activity and pH stability of cellulase produced by Bacillus subtilis 4-1.

Symbols: A; effects of pH, B; pH stability.
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Fig 8. Effects of temperature on activity and stability of the cellulase produced by Bacillus subtilis 4-1.
Symbols: A; effects of temperature, B; temperature stability, @; 20C, Hl; 30C, A; 40°C, #; 50T, O; 60T, [J; 70C, A; 80T, ©; 0C.
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Fig 9. Effects of cellulase inhibitors on activity of the cellulase produced by Bacillus subtilis 4-1.
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Fig 10. Substrate specificity of cellulase produced by Bacillus
subtilis 4-1. Symbols : CMC; Carboxymethyl cellulose sodium salt,
FP; Filter paper (Whatman NO.1), PNPG; p-nitrophenyl-3
-D-glucoside.
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= uie] HEste] Afd ol BAo) S5 41 FEE

B subtilisZ 53 Q. B subtilis 4-19] & 2APAHS 93
A kAL B2 0 2 1.0% soluble starche} B4
O 2 0.1% yeast extractE F7}5te] 45T A 24471 vl %k
sts W2 et HA w g pHE =AM 23, pH
5.0~9.09 A cellulase G440 =4t} B subtilis 4-12]
X84 548 54889 3 pH7L pH 90, RS2 5+
60Coll A Eaggo] 7 E3kom, 20~90T 2=l A
6027 EA- A B EAdo] 80%o)d A=Ak whehA
B subtilis 4-1° ]38} A= cellulases LA &4
2 FAEY, 22 dolx kg3t Ao E Yyt B
subtilis 4-10] AAVE= cellulase= CMCOll 7HE & a4
A4S YRS avicel¥ pNPGO T S-S Ko
E¥8as Ao
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