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Isolation of a Bacillus licheniformis DK42 Producing Cellulase

and Xylanase, and Properties of the Enzymes
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ABSTRACT

A bacterium producing cold-active cellulase and xylanase was isolated from pig feces. The isolate, DK42
strain, was found to be the Gram-positive, non-motile, catalase-positive, and spore-forming stain. Under an
electron microscope, the cells were observed to be rod-shaped. The isolate was identified as Bacillus
licheniformis DK42 on the basis of morphological and biochemical properties as well as 16S rRNA gene
sequences. The characterization of crude cellulase and xylanase from B. licheniformis DK42 was
investigated. Cellulase exhibited an optimum temperature and pH at 45C and 6.0, whereas xylanase
exhibited an optimum temperature and pH at 55 and 6.0. Especially cellulase maintained approx. 50% of
its maximum activity even at 10C, indicating that it is cold-active. Both cellulase and xylanase were
stable after 2hr at 35C, whereas they lost their activities after 30min at 65C.
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Ao ol8ds FIeEM AlRaEEs FEA 71 hemicelluloses ot e =M Ashy] AW
7 Wk olu} (Beguin¥h Aubert, 1994), FAHE 9] o H AlR g g VA a3t e Ao=
%9 |3} 2R % 7]ofslE= Ao deA &3 #] 9T} (CampbellZ} Bedford, 1992; Castanon
ATH(H S, 1999). &, hemicellulose?] L& 5, 1997). 53] xylanase:™ 484 xylan %t

Corresponding author : Dae-Kyung Kang, Dept. of Animal Resources Science, Dankook University, Anseo-dong
29, Cheonan, Chungnam-do 330-714, Korea.
Tel : 041-550-3655, Fax : 041-564-3655, E-mail: dkkang@dankook.ac.kr

—429—



Kim et al. ; Cellulase and Xylanase Produced by Bacillus licheniformis DK42

olye} cellulosedl] AFE E-84 xylan® 3|
g 4= glomg FEo| FES
A ligning A|ASH=H o] &=

5, 1995). Chiang & (2005)> AHehA|-& Alg.ol
xylanases 713t Agole S5455 42
Aste] Fofstode AbdA o] dgEY AY
2 7ol FEks WAA skrkal shglom,

ol g%g v Radk wp Qi 3,
cellulase®} xylanaseE 7 AlRol H7lste] 7}
ol Fo4& 9o celluloses} xylans FA] ol
BlE 7 onw 75 ALY T, AR
a8 T B9 ofet AL FAF A
7b Avkar &eA 312 (Omogbenigun
2004), & lactobacilliss frilt= F7kat
thal BaE vh Qlok (Kiarie 5, 2007).
HT 5o A AARSE 7HH0] 9o R
{ = sEAdArg e Arridko]l Sk
= dEel7] wiiel, Filell FE ofEsthaL
= AFRSEY] G84Q1 ol8o] S TR
Folth. et ARas IS
K

ojrl

32

X

YO %0
oo

o>

} =3

cellulase == xylanaseS HH]sh= FFolo] tj

3 A Buya JAvHA

5, 2004), °] T VA BAE A Ehjee

lxtell digh By BA e Aotk 4
(2003)-> xylanase %! cellulase &S 1}

75 TEsta ai ALk

= &
2L g3 v glon, 549 B4

X

FEo] &4 o8 HHoE Wity
591 cellulose @ xylans SA]ol] st

=
A= Als Eefsilor, Jeishs B A

ﬁﬂ—hﬁﬂ;tzmgoﬁgﬂroln
o

dnk B¢, =i, HH] 5o 4% AlRE A
A2] 21944 (0.85% NaCl)ol|

Az on, 3 01mlE 1.0% carbo-
xymethyl cellulose (Sigma)= 373 Nutrient agar
of Z=wskal 37Tl wiFEATh viYkE o
£ replica plates YHEaL 24A]3F FoF w
%], 0.2% (W/v) Congo red o7 M3}3
om 1 M NaCI= AlHg o Ve g
A Erg gt (halo)o] & #FES Aok A
ke AFES tHA] 1.0% oat spelt xylan
(Sigma)E &3t Nutrient agardl] =Z3la 37
TollA 24717 &b vieFgh ol 0.2% (wiv)
Congo red &0 2 HAME3 0™ clear zone©|
Z AFE HT ALeiith

=}
g el EAL &N
7 (Scanning Electron Microscopy) 2.2 23131
o™, Sohn & (2004)°] Hel F3sh3ich A3}
k4 EAZAl= API 50 CHB kit (biomerieux
Vitek, Inc)E o]-&ste] 37Tl 4817 Hi¥
& 2AEketh DK42 strain®] 16S rRNA #-%1
2 qEE2S 98, genomic DNA extraction
kit (Qiagen)S ©]-8-3}o] Ha|+==5-E] genomic
DNAE &3 T}, forward primer (5-AGA
GTT TGA TCC TGG CTC AG-3)%} reverse
primer (5-AAG GAG GTG ATC CAG CC-3) set
& A3k polymerase chain reaction (PCR)<
33}tk 50 pmole primer, 50ng template
DNA, 10XTag DNA polymerase buffer 5nL,
25mM dNTP mixture 4uL, Tag DNA poly-
merase (TaKara, Japan) 1U”} ¥3%% PCR
mixture S 95°ColA] 57 WAl S0l 95T
o A 13, 55~60°COllA] 13, 72TollA 137+ 30
cycleS WHEsto 24 PCRE =35}3it}. PCR
AHE-S- pSTBIlue-1 (Novagen, USA)ol =4 3h
<, BigDyeTM-terminator sequencing kit2} ABI
PRISM377 sequencer (Perkin-Elmer, USA)Z $37]

Aae #AsHl

—430—



Kim et al. ;

3. BitA|Ziol| WE FFo| MEn 4 MLt

fol

el A B ' A ARE HfEiAM e,
cellulase2] 74-%- CNY medium (1% CMC sodium
salt, 0.5% NaCl, 0.5% yeast extract, 0.3%
peptone, 0.2% (NH.);SO4, 0.05% MgSOs - 7H,0,
0.2% KyHPO,, pH 6.8)° #<&sla, 37T, 130
rpmell A ZIEaeFslE A AEH AT Xyla-
nase2] 749, XNY medium (1% xylan, 0.5%
NaCl, 0.5% yeast extract, 0.3% peptone, 0.2%
(NH4)2SO4, 0.05% MgSO4 7TH,0, 0.2% KzHPO,,
pH 6.8)l A& &, cellulases} L3t Wi o

Z APstc). AwE FFo ARATE B
FFEAE AFESEe] 600 nmol A wi el &
FEE A3 on, dFE AA wgstaA
AMEGS Feqs AHE3te] a4 B4& A
SH3ATt.
4. =Fadol =N X F4EM FF

DK42 wFZ ZHzZ} CNY dAHfA 2} XNY
AR e Aol AFskar 37 CAA 1241752t ?ﬂ

g ouf kst Soll, mjkelS 10,000xgol A 104
ST A5HS ammonium sulfatei
80%714] ESAIZ Foll, 4TeA shEHHESE
W] Bt A A A9
S 10,000xgell A 2085 A4 2] sk
3]<=3h Foll, 50mM potassium phosphate $+5-&
N (pH 6.0) 22 4°coﬂ/\1 24/\17P5°} AL 4
sdom, =rMo] 9tuE LolS FATA
A& A i&i‘l‘“ﬂi /‘P% skl
Carboxymethyl cellulase (CMCase)2] &A=
DNS g Ao = S35l (Miller &,
1960). =, =l 5<% 1.0% CMC 500 ul,
200 mM phosphate buffer (pH 6.0) 250 ule} =&
2ol 250ulS Egslar 45l 3417 HESA
71 %, carboxymethyl cellulose (CMC).2 2 5-E
2 glucose FHFE SATo=ZN A5
t}. Xylanase®] w9 ZAHWHLS CMCase
q7F SAEY sdstd, 714 2A CMC
Aol xylan& AREdh= A3 REAIRE D-
xyloseE AHE3h= ol9jole U WS Al

N\

rr

Cellulase and Xylanase Produced by Bacillus licheniformis DK42

&3t SAsith
9o 238l A 13 F9F CMC &
=5E 1 umol®] glucose HE== D-xonseOﬂ &
o Sd8S sk axd dor Aost
itk

Ul
ol
b

2|

L]

ool o|x£ BE=H 24

Cellulase 2 xylanase®] &4 &4 2 Wk
A= 2 B pHY FES AR S8,
DK42 straino] AAbsl= ZaANS vk A}
galaith ®4 vk HA 2k
218, 50 mM potassium phosphate &84 (pH
6.0)914 1.0% CMC Ht xylan £9< 7|d=
ARgste] 4TolA 65T7HA FRPE R WhgA
%, A7) Aedt axgd S
A5 Hlaeglch Jae] HA p
HeliM s, zaioS ofgle] 2 p
Yol Lb_ cellulasex= 457, Xylanaset 551
Al HREAIZL & B3-S HalEkglth AREg ¢
FE&NoEA, pH 20% 50mM glycine-HCI
buffer, pH 3.0~5.0 A}°]i= 50mM citrate-NaOH
buffer, pH 6.0~8.0 A}°]== 50mM potassium
phosphate buffer, pH 9.0= 50 mM glycine-NaOH
buffers 22t AH&3F3AT
6. Cellulase & xylanase? 2 o5 A

T a4 2k HEAS AESH] fE, 50
mM potassium phosphate buffer (pH 6.0)01] X3
29s H7bste] 35TAA 65T7HA] 7F &
oA 120E3T Ak Foll mae] JE B
=4k

o rol

At B, =1, HH] 5o A4 ARE A
F3t Foll, 1% xylan (Sigma) =+ 1% CMC

(Sigma)= 33k Nutrient agar (Difco)oll =23}
3, 37ColA 24X st v o]l &

—431—



Kim et al. ; Cellulase and Xylanase Produced by Bacillus licheniformis DK42

IAAS 02% Congo redZ @M&F] o,
@A FEE (halo)S HehlE g Ala)
Atk (Fig. 1). =wo =5 H Ay DK42
& 5437 98l 58S A A, 2 o
Gram $Aleo] o ®A (Fig. 2), 2714
2F Aotk DKA2 2] G ol &

ot EAS ARG A= Table 1004 . .
upe} 7+om. Bacillus licheniformisoll <} Fig. 1. Detection of cellulase (A)and xylanase

activity (B) by congo-red staining of
z’\ O VPERT (11211 99.99%). E'Eﬁ& DKAIZ nutriezt (pl?atg contgining 1.0% gMC
T2 165 IRNA fralatel 71 aE 24t and 1.0% xylan, respectively.
o NCBI9] BLAST search programe ©]-&3}

e vk A}, 9%l NEEE B
licheniformisel]l &38l= Ao & Yelgtomz A
Wl =2 Bacillus licheniformis DK42% ™
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cellulaseZl @45 A A3, avicelase 2 B-
glucosidase &AL HFEEA] %¢k7] wWlEdl, B
licheniformis DK427} Aaksl= &4+E  endo-
cellulase?] CMCase?l Ao =2 FHE At} (data
not shown).
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Fig. 2. Scanning electron microscopy (SEM)
micrograph (x20,000) of the isolated
strain DK42.
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Table 1. Characteristics of the isolated strain, DK42

Characteristics Result Characteristics Result

Shape rod

Gram stain + Arbutin +
Catalase - Esculin +
Control - Salicin +
Glycerol + Celliobiose +
Erythritol - Maltose +
D-arabinose - Lactose +
L-arabinose + Melibiose -
D-ribose + Sucrose +
D-xylose + Trehalose +
L-xylose - Inulin -
D-adonitol - Melezitose -
Methyl-B-D-xylopyranoside - Raffinose +
D-galactose + Starch +
D-glucose + Glycogen +
D-fructose + Xylitol —
D-mannose + Gentiobiose +
L-sorbose - D-turanose +
Rhamnose - D-lyxose +
Dulcitol - D-tagatose +
Inositol + D-fucose -
Mannitol + L-fucose -
Sorbitol + D-arabitol —
a-Methyl, D-Mannopyranside - L-arabitol -
a-Methyl, D-glucoside + Gluconate -
N-Acethyl-glucosamine + 2-keto-gluconate -
Amygdalin + 5-keto-gluconate -

1) +: positive result, —: negative result

2) API 50CHB kit was used.

olx|H g4 AT HAAHoR 7HAEFA

t} (Fig. 4).
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Growth and enzyme production of B.
licheniformis DK42. B. licheniformis
DK42 was grown in nutrient broth
supplemented with 1% CMC at 37C
with vigorous shaking. The cell growth
was determined by measuring ODeoo
of the cell culture. Enzyme activity
was determined with the culture super-
natants.

—e&—Xxylanase
——cellulase

4 10 20 30 37 45 55 65

Temperature (C)

Effect of temperature on the activity
of the cellulase and xylanase from B.
licheniformis DK42. The maximum
specific activity of crude enzymes
was set as 100%. Assays were
performed in 50 MM phosphate buffer
(pH 6.0)
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Fig. 5. Effect of pH on the activity of the
cellulase and xylanase from B.
licheniformis DK42. The maximum
specific activity of crude enzymes
was set as 100%. The buffer solutions
used were 50 mM glycine- HCI buffer
(pH 2), 50 mM citrate- NaOH (pH 3-
5), 50 mM potassium phosphate buffer
(pH 6-8), and 50 mM glycine-NaOH
buffer (pH 9).

A, £EAOE 7t SxolA Az WA
Fodolgle madl AEAL A4St

Cellulase2] 7%,
0] EAo) 01—24 A &
= AIRRe] Al wed
o2 Fkaste] 1A7H l
7} &A= Y (Fig. 6). A ylanase«l 3,
45T olde] Lo WAg A5l ARk
Aatel wet g40] &Ado] HxlA o R 3hAst
o, 65Tl = cellulases}t wZIZFRIZE 30
T O|FHE gaol o] YehA 2gitt
(Fig. 6).
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Fig. 6. Effect of temperature on the stability of the cellulase(A) and xylanase(B) from B.
licheniformis DK42. Assay was carried out after exposure to different temperature for
2hr. The numbers next to the individual plots represent exposure temperature.
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