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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 rRNA gene sequence analysis, showed the highest cellulase activity when
the cells were grown at 45°C for 24 howrs 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.

Key words : cellulase, Bacillus sp. cellulase, soybean paste, fermented foods

Mo B

I Sl AdACE et o s AEe] gHol
, IS, A 2 gdde 5o 3 ﬂﬁow
St AEE] O EAlsheE Ao E 4EiAA 3
A MAlshe e T 0
Hgk aau F gAREES Wé%}tﬂ
dH oz FEsH &8 5 Utk 11 F &L
52 pH 9.0~11.09] 7Fze] Ao 53t
4 olstel A e A5o] =9 nAEo|th(l). ¢
& WAES Bucillus < Alto] Bo] £E]H U o
o] Akete G4 i LR 9 o] HaEFY, 4

P m
N
~
>
v

o
rob
i
-

& oo 9

Moo "y Ho & o
N

o el
ol
3
rr
_llm

il
il
>~|-‘j>_*‘

o N & O
o IR ox
off &

[

p
¢

*Corresponding author. E-mail : yeobio@korea.kr
Phone : 82-31-299-0581, Fax : 82-31-299-0554

Q% AN 5 ABANEU BIAE olsiol
Aoz o]gstHe AF7E AP UTh2).

A (cellulose) = A& A|xEute] FRAH o, zA
g x5 e 1A fUEEE &8}
F2 AU E ETeaL o] 82 AgHA o)} Eg
ﬂoﬂfﬂ‘_ T—l‘x—"gi HEEEEolY ¢
o] IR #H7|5

AFioe A7 25351 43+ biomass A 9]
AAH o2 {F-83 BEHAZTS 93 AUt A&Ho=
Fo] gth4). FZol= celluloseZFE &8|a133 &
A BA Akl olug A A R 25
L7 9 ulo] 9 oEle AALE fluE 885}
7} 353 Yrk5,6). o) a T A cellulose
S| A= ©]E biomass A-He] 42! glucose

L;
=
9

o o 4 2
oo 1o o, o
[1.1‘0 r& ﬂllO Jrl

- 442 -



Isolation and characteristic of cellulase producing B subtilis 443

ol
=

7} A= ofof slar, A $F e F FA7 Ao AF
AZVeHA diFEEA slehE £
o] AAE 0|83t cellulose 3019 A8}8HA W)
FES v Tl7,9).
25 &8317] A, ol THAE Elishs vA
o] &4 o] FAHUE F23F AT F¢] sh}
F 4 9lom RS AlF o g4 YL F8al)
£

of

=

§9 Mo o pz

flo o
)

o
Ho

o
of T

ol
gl

(L do T
K

iy
>
ok
O%
i
2
o3
o
e

Fa% AT okl & 4 UTho.
Fst 79 HAEE] cellulaseE AYAHsh=
0™, cellulase= celluloseS &3} 5l=

cellulose®l] 292 2H8-31e] H|ZUA] D7 &
Tt=%  1,4-3-D-glucan glucanohydrolase(E.C. 3.2.1.4,
endoglucanase, CMCase) 2} Ad-f+4x AF&Eo] v TE7]
of  A-83to] A7d38hk= 1,4-B-D-glucan
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th(10).
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ZF 2al % vy
2 AR 3% A ARAA A8E AHt Ed
A4 A5 (0.85% NaCloll HetA 7 om, 7} dAE

8|28 04% Na-carboxymethyl cellulose(Sigma, St.
Louis, MO, USA)¥} 1.2% plant agar’} 37} R2A (LAB
M, Lancashire, UK)B] | o] =23}a1 30°CollA] B oFal43ch
Z} v Aol A AL T HFF9] replica plateS THEIL 244
ZF et ¥, 0.1% Congo red(Sigma) &4 0.2 M3} 0
™, 1 M NaCIZ AJHSH & Yehe F98to] & 745755
sttt

#F sAskth AdE 59 16S rRNA 71X ES
E23517] ¢35, genomic DNA extraction kit(Qiagen,
Germany)Z %3] 7F2] genomic DNAE FZE3}3 o H,
FAANS FZ317] Y3l primerE£E 27F primer (AGA-
GTTTGATCMTGGCTCAG)$} 1492R primer(TACGGYTA-
CCTTGTTACGACTD)E AH8-31%11L, PCR- initial denaturation
55, 1831 94°Col| A 45% 7} denaturation, 55°Col| 4] 603
7t annealing & 72°Col| 4] 6027} extension cycles 353]
F83F5Th 16S IRNA 714 E ERle (F) A=At
o] Flsle] 813 tH(12). Lasergene 2] DNASTAR pro
software(SeqMan Pro V8.0)9} The National Center for
Biotechnology Information(NCBI, http://www. ncbi.nlm.nih.gov/)
oAl A)&3}= advanced blast search 213 £3}o]
GenBankol| 118 AL T9ke] A7IMES Hl sk
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Fig 1. Cellulase activities of the Bacillus subtilis 4-1 producing
cellulase isolated from Korean traditional fermented food.

HiZ2zo| w2 Ea|FFe M2 U cellulase &M
B subtilis 41 752 CMC QiAo FHFste] 2=
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Bacillus amyloliquefaciens ATCC 2335057

Bacillus vallismortis DSM 11031 AB021198*
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99— Bucilius sonorensis NRRL B-23154 AF3021187
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10— Bacittus safensis FO-036b AF2348547

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.
A; cell growth, B; cellulase activity, @; 20C, Hl; 30C, A; 37T, #; 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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0D 600 nm

Culture time (h)
Fig 5. Time course of cellulase activities in the Bacillus subtilis 41 at different carbon sources.
Symbols : A; cell growth, B; cellulase activity, @; Soluble starch, H; Cellulose, A; Dextrin, O; CMC, [J; Glucose, 4; Xylose.
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282491 ¥HA, cellulose= At EA}o]1 Eof U)dl 218}
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ammonium chloride, ammonium sulfateS 2}2+ 371814
= A e a48A4S Vel B subtlis 4-1
B Agbel o] & F glE FoE Ad

BN o K

F49 g4 OlXl= pH ¥ 2 54

B subtilis 4-1 757} A2F8= cellulase 4 pHE ZA}
3l7] fste] 2EAN ] pHE DEjst] 848Y 74 2
= Fig. 7(A)l YERNIT). B subtilis 4-1 57} A34+8)

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.
A; cell growth, B; cellulase activity, @; Peptone, Hl; Tryptone, A; Skim milk, O; Ammonium sulfate, [}, Ammonium chloride, A; 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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£ cellulase 2432 pH 4.09014 714 2kat, pH 5.0~10.09])
A 2% =A dyebgdth Kim 5018)9 2ddAM B
licheniformis DK427} pH 6.0 o] &4& yepd Ay}
o} ©2] B subtilis 4-1 F5= pH 90014 E2840] 713
=4t Wb B subtilis 4-19 28l A A== cellulase=
AdAe A AR FZHT)

X849 pH HHAE SA3t Ao @402 Yehy
SIth(Fig. 7B). Jeong(25)°] ¥2S+ Bacillus sp. 1-59] pH
SH XS ZAVEE A} pH 2.0~12.090 4 cellulase 4 0]
60% °’% FrAI=E AT Btttk 18y B subtilis 4-1
o] BAre= cellulase™= pH 4.0001 4] &4 8HAd0] oF 70~80%
AZ FA = dalH oz A YeRgARE pH 5.0~10.0

A

Cellulase activity (U/mnL)

1,650 —

20 30 40 0 60 70

Reaction temperature (°C)

th

o= Ehgdo] HlaA kst A 100%2 A=
Aot webM B subtilis 4-1 7571 AAARSE Z28-9] pH
AL Wl =2 ASE YETH

Z8A49 HA W2 EE ZANSH| f8ke] 20~70T <]
7t E AN BAEA 54 AIE Fg 8(A)% Eh B
subtilis 4-1 57} A2V cellulase= HH-2 =7} =ol2
TE BAgAL AR ettt 18l v E
60ColA a8 o] 71 EA el oH, 70T =
BAEA0] T o) TS AR 60T} FrAFSE 2he.
2 5Ah8Ao] A FA=EAT WA B subilis 4-1 15
o] ANk HFH L= 60~70T2 A2 Yehdt) ole
Jeong(25)°] #-213+ Bacillus sp. 1-5 TF2] cellulase &4~

120

110 |

100

20

Relative activity (%)

30

-0 1 1 1
0 1 30 45 60

Reaction time (min)

th

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, @; 20T, Hl; 30C, A; 40°C, #; 50T, O; 60T, [J; 70C, A; 80T, ©; 0TC.
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Relative activity (%)

Iodoacetate PMSF

m 0mM EH 1mM O 5mM

1.10-Phenanthroline

PCMB EDTA

O 10mM O 20mM O 40mM

Fig 9. Effects of cellulase inhibitors on activity of the cellulase produced by Bacillus subtilis 4-1.
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cellulase= 45Col| A 43430 vf-$ HASHA FAH U
01} 55T o]de] REoAM= Ao ATl Hasiith
T8V B subtilis 4-1 57} 282FSE cellulase= 20~90°C ol
Al 07 EA-EE st ®E 8A484d0] 80% ©)d FAEE
Ao 2 Kol B2l B subtilis 4-1°] A= cellulase=
F2 Gz HlwA kP A= Uy

Cellulase Xafide| F& I 7|& 50|y

Cellulase #3]#]91 PMSF, EDTA, Iodoacetate, 1,10-
phenanthroline, p-CMBE 7} %% (1 mM, 5 mM, 10 mM,
20 mM, 40 mM)E A3} 50CllA 30%7F e &,
840 oD AFRE Fig. 9ol YA B subrilis
41 5= 318} AA H7HA, 0% ol 84S FAISHA
31 cellulase+= cystein inhibitor$] iodoacetate®} -SH71E &
o]F o7 A sh= p-CMBol| 2l& &4 FAjo] IA HJgk
S A LUtk a3l FE0]9 chelating agent?]
1,10-phenanthroline®} EDTA, serine inhibitorQ] PMSF2] #]
SE Ao BEA] o= ACE Hol oW :=ARR] serine 719
w4029 Age] EAEA g AR FAHHEN

11

PNPG Avicel
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Substrates

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.

B subtilis 4-1 TF7} YAV cellulase 712 5] A
3ol 93, 717t o2 714 (Avicel, Filter paper, CMC,
pPNPG)S ©|-&3l aAgA-S S48 thFig. 10). &2
I B subtilis 4-12 ZA| cellulase2] 442 LEH = Filter

paper activity(FPase) E%F olU 2} avicelZ} pNPGol| Tl sl 4]
T 84840l EARIE, CMCE 7HE ALE3I9S 1
71 w2 BAEAAES YT o) AR4AE e
Airo] AR cellulase”} avicel S 7|2 &2 o] &3S o,
71 Be 5471 AAFETRE Chey S(5)9] Halok= 2}o]
7} AAA R Kim 520)°] 2]t B. subtilis CH-10°] CMC
£ 71HE AREERE W 7P 1 3AgAS UEtE
AFel= FAIAY. B subtilis 4-1 d57F AAkeE
cellulase2] 73-%-, endo-type cellulase(EC 3.2.1.4)2] A& %
¢l 714 = o]&HoA= CMCel| 7MY w2 EAEHS Y
BRI 2. exo-type cellulase(EC 3.2.1.91)2] 7|2 =E F=2
o] &% 11 JE avicel#} B-Glucosidase(EC 3.2.1.21)] 712
2 o]§5H il U= pNPGAIAXE &Ado] UEsth o]2gh
AN ZHE B subtilis 4-1 157} YA cellulase= T
2t oldE BREAQ Aoz Az

(@) of
i =

T AR ARAAN FE T FFES CMCE T3t
= A HEsh A el Edo] 9578 41 7 FE
Auksldnh 4-1 T3¢ 16S tRNA G714 GS 2493 A}
B subtilisZ. 53 QY. B subtilis 4-12] & 2APARS Q)3
HA vtz AL BAY O F 1.0% soluble starche} A AY
O 2 0.1% yeast extractE F7}31e] 45T A 244|171 vl %k
3RS W2 UEsth 4w pHE A A3 pH
5.0~9.09 A cellulase A4 o] =3t). B subtilis 4-12]
Z80 5ALE a4Nee] 3 pH7} pH 90, FH2 =T
60Coll A Eaggo] 7P E3kom, 20~90T 2=l A
607t GA Al 4 E4d0] 80% ol FAIH T wWEbA
B subtilis 4-1° 23] A== cellulase= WEZEA 84
2 F45Y, & oz kg3 Aoz Yeldth B
subtilis 4-1°] AAVE= cellulases CMCOll 7F3 =& a4
48 YelNe ™ avicel} pNPGAAME EA4S H o]
E¥8as AZHEn
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