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Abstract This study was conducted to isolate the cellulolytic
bacteria able to grow on LB- Carboxymethyl cellulose (CMC)
agar trypan blue medium from the mixed forest and Larix
leptolepis stands. Three bacterial strains with high activity against
both CMC and xylan were isolated. Both API kit test and 16S
rRNA gene sequence analysis revealed that the three different
isolates belong to the gene Bacillus. Therefore, the isolates named
as Bacillus sp. EFL1, Bacillus sp. EFL2, and Bacillus sp. EFP3.
The optimum growth temperature of Bacillus sp. EFL1, EFL2,
and EFP3 were 37 °C. The optimum temperature for CMCase and
xylanase from Bacillus sp. EFL1 were 50 °C. The optimum pH of
Bacillus sp. EFL1 xylanase was pH 5.0 but the optimum pH of
CMCase from Bacillus sp. EFL1 was pH 6.0. The optimum
temperature of CMCase and xylanase from Bacillus sp. EFL2 was
60 °C, respectively. The optimum pH of CMCase of Bacillus sp.
EFL2 was 5.0, whereas xylanase showed high activity at pH 3.0-
9.0. The optimum temperature for CMCase and xylanase of
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Bacillus sp. EFP3 was 50 °C. The optimum pH for CMCase and
xylanse was 5.0 and 4.0, respectively. CMCases from Bacillus sp.
EFL1, EFL2, and EFP3 were thermally unstable. Although
xylanase from Bacillus sp. EFL1 and EFP3 showed to be
thermally unstable, xylanase from Bacillus sp. EFL2 showed to be
thermally stable. Therefore, Bacillus sp. EFL2 has great potential
for animal feed, biofuels, and food industry applications.

Keywords Bacillus sp. - Carboxymethyl cellulase - Lignocellulose
- Xylanase
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O AEZ Qe B 93l EE Al 7
FHe B AERQA udERe s Bad Tog F
A =] Atk(Whitaker 1990; Kim 5, 2012). HxR]E] 79
Uukgo g 42-50% HEZ QX 25-30% FPAEZ 2 20-
25% B9, 5-8%2] 7Ie} fUIEE 4= AthKumar 5,
2008). AERO2E Aq7dolx 7PE F5e A EAEA=R
B-D-glucose pyranosetIAIE TAE FIUIHE 2R~
3l 42 endoglucanase (EC3.2.1.4), exoglucanase (EC3.2.1.91),
B-glucosidase (EC3.2.1.21) 5] 5@ &2 8ol oJaff TaR<l
D-glucose® 371 Fth(Cai &, 1999; Bayer &, 2007; Kumar
5, 2008). FAWAER OS] FARLS Aol AER X
2oz 2ol FR3 AEuEAEHe, AdEe &
Aol AG AEAEH] 1530%, AFF AS 4-10%S T
A3t ArhKulkarni %, 1999; Singh 5, 2003). AL B-
1,4-D-endoxylanase (EC 3.2.1.8), B-xylosidase (EC 3.2.1.37)<]
Ao Ago) o8 EallE ok (Kumar 5, 2008; Cantarel 5, 2014).
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AHe oheeh ARATE EAjsh ol5o] s Akgoel o
e A I8t Aok AES AQe A AR
E2 dUAE FF A 5 gU7] dizel] 2Ee] vl
F71Eel olEsto] doprial ltk(Yang &, 2014). WA A
st AEISES fleiMe dAEoR fU1ES Esllste] AJE
of AqUAYE FH3F= MAEES] JTo] wf- Fastt
(Demain 5, 2005). Z&@Aulo] euj e Tiokel BAET Hish
TFEE o]FAL 7] wiEel AWATE 018 F e ouRAU]
GIRIFHR] A feiME EATS Ee B okt 2
2 ket vAEES 93] a3t gEFQ] EARSTS
Trichoderma%;, Aspergillus%;y, Rhizopus% ‘5 (Murashima -5,
2002; Oh 5, 2003; Saito %5, 2003; Sohail &, 2009)°] U,
M Bacillus?:, Clostridiumss, Streptomycesss 5°] Z27|
Hpo] omj 2z fael AHE vt aAE Ailete ZleR o
4 A thRobson¥} Chambliss 1989; Mosolova %, 1993;
Lee 5, 2008; Kim %, 2012; Lee 5, 2016). 7|&d= thH#
o BAA o) om2 Balls Bt €53 HHe] 3
Tl GEFANE, HEAFEA ] o R o]He] Ay
SF= dEA YA 2t TR vAEEC] o7ld &
ogiti= Zlo] dERth. He Addol oshH AHEYe)
xE A MFE Pseudomonass:, Bacillus%:, Rhizobacters:,
Arthrobacter?s, Paenibacillus$s 5 ©1TH(Wilson 2011; Yang 5,
2014). )¢t 7ol Aol FAulo|emjaE Eafjste] HaL A
= O TR HAEEC] SAIEP] wiel AgAes f
S35 PAES 2] f% S8 Baloti(Li 5, 2009). ©]
A&k AFoA &= e e nAEES IS, AF
2K, Aol oeke AL 53 22 4 Adel A8 Jkset
o 53], Bacillus%-2 Ednlo] onj~E Halshk=dl 223 o}
o EAES AT T ERF ofEt aRY FEHET JF
o7 wjgel Ha, AL WEN, FA%F 28}o] 7hEE|
ol AEAN, EEA, 5E AEAY T A2 s
2kl o] &= JtHlynd &, 2002; Tjalsma %5, 2004;
Khandeparker 5, 2011; Zang3} Zhang 2011).

2 AFx e oA AdTHeR Aot dof
Ui e SRS AR = oF 60de] At dEel T
goz HY g3t Hi4 E3| @3E Hol= Bacillus sp.
EFL1, Bacillus sp. EFL2, Bacillus sp. EFP3S 2] - 54 &}
St L3k o]5 wlH||olr} ABAFSl= Carboxymethyl cellulose
(CMCase)?} xylanase®] AJs}etd SAHES ZARIATH

A= & Uy
33 B gl £

F3} 7hsst BEY dElgels EElshy] 98l AddE A
A el xS AdHsrleusta sy A
F2elA 2016 8¥€ell EFHGEVT-HUT)H oF 608 <]
A% sHHANA A7 B MES AP £ A
S 7tk A sk vk AdrElu =
N2 St 152 BlEUE, A, ArEuE,
FUE Bol AMYEaL itk YidEEe A YddE 3§t

o AR, SRR, BRI SRS gt B

o 1L
y

o\ ox rlo

>

HEe MR g vl 3o AaRiE AFHEUT B A
= 70%MEEE FH A o8 BEEAe R AFEHA
10cm Zeo|ZHE oF 200g8] EFS AFsIAL EFUELS
ofo]zto] ol AFLR FAXAL, 2-mme] I2=L 7R Al
£ ol&st] e W FiE B 2 dRE AAT F WA
EYS T A ARk

EYmAES widstr] fste] Ed 9mLt = AAEE
230 EG AE 18 I8l 200 rpm, 30 °C AFHe[E
A 3087 2] dF skt A AR 107-1071A
10012 38]43}e] LB-CMC agar plate (Tryptone 10 g/L, Yeast
extract 5g/L, NaCl 5g/L, carboxy methyl cellulose (CMC)
5g/L, Trypan blue 0.1g/L, Agar 15g/L, pH 5.7)° 100 uL
A = ato] 48417 FRF 30 °CollA wistsiTt. @3} vhE|E]
ole #FF9lol A== halo®] f7 wet FEatinh 3
3} 345 Aileke vielglols Atis Fslo] Ao
S MY halos Adske WElgloleS At &F &

st

—_Q-,ogﬂl

33} WAES] T3

o7 e gl EdutEE]ore] $4- VITEK 2 Al
16S rRNA FH2REANS ARSIt VITEK 42 API
50CH Kit (bioMetrieux, Vitek, France)g ©]-83}o] #|ZAIZH
B Al wiirde wEtth 16S RNA FAA2 Erdes
43871 f1sld 50 mLe] LBajAlell ¥HElg]els FEste] 30°C
oA ¥ Bl & Qiagen DNeasy kit (Hilden, Germany)
£ ARgste] AZAR] wirdol wet whElE]ole] AlEDNAS
wElate] PCRESC ARS-3ISITE. 16S rRNA 372 S5
Jang 52017y sl FasAth. PCR AHe2 pGEMT-
easy vector (Promega, Madison, WI, USA)l =98t H7]A4
F& AA3IATE #7148 National Center for Biotechnology
Information (NCBD)?lI4] A|-§3= BLASTNZ} CLUSTAL W
22O Z 16S rRNA +32ke] multiple sequence alignment
oF Q7IMET] FARES EAEIITE Alee 2Md-> Molecular
Evolutionary Genetics Analysis 6.0 (MEGA 6.0) ZZ 13
WA= o] & neighbor-joiningH S ©]&5 th(Tamura 5,
2013). Alee] Algwet 4] el H7ieb7] 918 Bootstrap
A Al 1,0008] wHREle] AAE HolHE WIF 7= A

g3l

A8 &4
CMCase F+= Xylanase®] 42 o] Aol A==
DNS (3,5-dinitrosalicylic acid)® & AF&3}93 tkMiller 1959).
CMCase =+ Xylanase®] TAE8Ad2 7|Z=2 ztz CMCS
xylang ©]-83}] 50°CollAl 3047 Wk & fEld e
&S Azl Hrsldh. EATHEAHL 1% (wiv) CMC &
£ xylan, 50mM sodium acetate buffer (pH 5.0), &N 0]
0.5 wit’b HEE Hrletl YAl B45E HE 252 1.0
mLe] EHEE Zdste] HAAIE aANRgolA AAE S
Fe] 12 T 1% DNS £9-e Hrlste] & 4o &
= 100°CollA 587 FHste] AAES A A7) & 3
AR 540 nmellM SAHEE ¢lo] BB ALkl o83kl
A4 1wt BF 1 umols A=Yl o3 g4

o

oo Bt o
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o2 Ao
CMCase H+= Xylanase?] <% pHE #H71sl7] 9lsled pH
3.09.0 9 MAE ARESINTE pH 3.0-6.07H41= 50 mM
sodium acetate buffer, pH 7.02} 8.02 50 mM sodium phosphate
buffer, pH 8.02} 9.02 50mM Tris-Hcl bufferE ARE-31SIT}.
Xylanase & CMCased] &40 9T nxe 4 &
pHEA AgolA CMCase == Xylanaseo] gt
S A4S HQ pH bufferd] 1% (w/v) xylan ==
CMC 4L 7|H2 ARE3le] 20-70°C7HA] 1074202 7t}
3057 WES-S AAZE & DNSHOE §ho XS =Hs9
oh G40 2EMA Wrks §4E5S 40, 50, 70°C 279
A0, 15, 30, 45, 60°C, 75%%F A ¥lF T 40 °CollA 30%
7 vkt & ol glE a4 4L HUsisith

= AEZT 02 B3 v o} £

dRrEAte} GAEHEA ] AFHZHE °F 10em %ol
oA AFHT ES AFSI] trypan blue’t H7HE LB-CMC
agar plated]] FAIF Z=L3le] 30°C wiG7|ollA] 48A17F widsh
T HAES Ak wdE mAEE T4 CMC 3l
7Fset vjAEe] WE2 rAES] colonyTHoll F/d3= halo
o EA el wet AdEaditt. HaEHNA AHAST EGA
Z2RE vAEY A 4= 2.1x10° colony-forming units
(CFUY1 gollt}. olFeold CcMC E3 5388 71X njAEe
19 E¥ 9 4.0x10° CFUZ A mE Sl oF 20%E
AR . EagolM AR MAlgE g EXF oF 3.5
x107 CFU %32, °lF CMCE waliske wHlglohs EY 1g9
32x107 CFURA ZA| glelglole] oF 92%2 xpA|sldict. &5
o] Ao A 7§ 9.0x107 CFUS| wAEo] AL
™, ol HAEHl vlsl oF 434, & Hls| oF 2.600 ©
2o nEe] UeE WtkYang 5, 2014). AT, 3=9
TAlFHA ZAEAG wF 7Fse mAES] & 1.96x107
CFUel wlaiA Eade] 2 oF L8 A= @2 =, o
AsdLe oF 930 2L vAES] UEE B tk(Lee 5, 2016).
A A g AER A B nAEe] BHEe oF
372%% AL J= v, vt EAFEAY Y] s
AEZ 02 Jal vAES] &S oF 21%3th. ol W)
AEH AT oF 20%, 5] A5 oF 92%°] HES BA
ok gyrdo g Eg nAEe] PN EE EYNHAIE Hrtet
7] f18t Fa3k g4ty Eeke] EAou, A 2Ae]
9 F£FY FF 52 EYY vdEY #AEE A8H1
AeS it} 53], ESE, pH, EXO 35Hy 54 52 1)
AL PAER Fo% JFS rAE AAE gEA U
(Agnelli 5, 2004; Nikaus 5, 2006). ¥ AFAFAME 712
ATAHE T ALY FHEE HoFE 7P & a9l
< 3 Ao AL e AR st fYEE WY -
HA] o] BEFE olsieta A4 IS mFH7] Wi Ao
2 Helg

O

o [fl
o F¥

B
i o

Vitek 2 16S rRNAE °]§-3 W& 534

Ty I BEYS ddeE 4AIS LB-CMC trypan
blue Agar plate Bj<kollA] AthA o2 Ye haloZ Hole 207
Aol mAES st AdplYS Fill cFEeE skl
7} MAELS LB AR 2 mLell FHE3st] 30 °ColA] WAl
ik & vhed ol ZF AiAle] AE”REE 600 nmell A 0.5

SHE - 30 °CellA 24417 wiksiinh. i - dAweE

TS 3R F BAgAS Stk 2 Fol =2 3

S Hole e dFE el

a5 F457] flstel 23 ¥4 API 50CHB kitS AH8-3}
Sttt ¥ EFL1 B-xylosidase, B-galactosidase, L-pyrrolydonyl-
arylamidase, o-galactosidase, [-glucosidase, P-mannosidase, o-
glucosidase 52 E4E4S 7IA= WPA B-N-acetyl-glucosa-
minidase, o-Mannosidase 52| 4842 §1Ut). Kanamycin
4 oleandomycinedl] tIgt Aol St oo} 7+ A5l
EAo ZA3k EFL1IS Bacillus subtilislamyloliquenfaciens/
atrophaeus® & (Species)d &-&°] 91%%tH(Table 1).

o3 EFL2= B-xylosidase, B-galactosidase, o-galactosidase,
[B-N-acetyl-glucosaminidase, o-mannosidase, p-glucosidase, [-
mannosidase 5-¢] €484S 7EX= WA L-lysine-arylamidase,
L-aspartate arylamidase, L-proline arylamidase, L-pyrrolydonyl-
arylamidase, a-glucosidase 52 €42 §I%1t}k. Kanamycins}
oleandomycined]] Wt &3 et ol g Aslety 54
o 278k EFL2-12 Bacillus pumilus®] 5L BE0] 94%3
TH(Table 1).

o EFP3& B-xylosidase, f-galactosidase, a-galactosidase,
B-N-acetyl-glucosamidase, p-glucosidase, p-mannosidase, o-

glucosidase 59 TAEAE 7[X|= WHH, L-lysine-arylamidase,
L-aspartate arylamidase, L-proline arylamidase, o-mannosidase
59 g484e Holx] Ut EFP3S Kanamycindl Tigh A
S 7HIAL ATk olHdE AslerA S 2] EFP3
= Bacillus subtilis/amyloliquenfaciens/atrophaeus %(Species)d
gHgo] 97%3TH(Table 1).

79 & 16S rRNAFA A7IME E4oz HFHom
AL AT 4] 47149 NCBEA o Eoll |l
o] & BLASTY| blastnZZ13S ©]83}] 16S ribosomal
RNAY71AE¢] vlolefuo]2et vl 4 8k3itt.

EFL1-2 Bacillus thuringiensis (Bt18247), Bacillus toyonensis,
Bacillus thuringiensis (ATCC 10792), Bacillus cereus (ATCC
14579) 53 99%2] ‘3873, Bacillus manliponensis (BL4-6)2}
98%2] 54, Bacillus pseudomycoidesSt 97%2] ‘383 H
Atk Fig. 1004 He vie} o] §-A3AEA A EFLIY &
5 Bacillus acidicola 105-2T (AF547209), Bacillus pallidus
CW 7T (EU364818) 7} 22 7Algoll &atint. o)de] 4
= FFSPA EFLI Bacillus S0l &3hs A& & & Ak
Wb B 755 Bacillus sp. EFL1Z W9 3l3iTh

EFL2<2 Bacillus stratosphericus (41KF2a), Bacillus safensis
(NBRC 100820), Bacillus pumilus (NBRC 12092) 53 99%,
Bacillus  subtilis  strain 1683 Bacillus  amyloliquefaciens
subsp. plantarum (FZB42)2} 97%9] “§544S HAch 534
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Table 1 Biochemical properties of Bacillus sp. EFL1, EFL2, and EFP3

Mnemonic Biochemical test (Substrate) Test type Wave length Details
EFL1 EFL2 EFP3
BXYL BETA-XYLOSIDASE Enzymatic 430 + + +
LysA L-Lysine-ARYLAMIDASE Enzymatic 430 - - -
AspA L-Aspartate ARYLAMIDASE Enzymatic 660 - - -
LeuA Leucine ARYLAMIDASE Enzymatic 660 + - +
PheA Phenylalanine ARYLAMIDASE Enzymatic 660 + + +
ProA L-Proline ARYLAMIDASE Enzymatic 660 - - -
BGAL BETA-GALACTOSIDASE Enzymatic 430 + + +
PyrA L-Pyrrolydonyl-ARYLAMIDASE Enzymatic 660 + - +
AGAL ALPHA-GALACTOSIDASE Enzymatic 430 + + +
AlaA Alanine ARYLAMIDASE Enzymatic 660 + - +
TyrA Tyrosine ARYLAMIDASE Enzymatic 660 + + +
BNAG BETA-N-ACETYL-GLUCOSAMINIDASE Enzymatic 430 - + +
APPA Ala-Phe-Pro ARYLAMIDASE Enzymatic 660 - + -
CDEX CYCLODEXTRINE Acidification 660 - - -
dGAL D-GALACTOSE Acidification 660 - + -
GLYG GLYCOGENE Acidification 660 ) - )
INO myo-INOSITOL Acidification 660 + - +
MdG METHYL-A-D-GLUCOPYRANOSIDE Acidification 660 + ) +
ELLM ELLMAN Enzymatic 430 + ) +
MdX METHYL-D-XYLOSIDE Acidification 660 - - -
AMAN ALPHA-MANNOSIDASE Enzymatic 430 - + -
MTE MALTOTRIOSE Acidification 660 + - +
GlyA Glycine ARYLAMIDASE Enzymatic 430 + +) +
dMAN D-MANNITOL Acidification 660 + + +
dMNE D-MANNOSE Acidification 660 + + +
dMLZ D-MELEZITOSE Acidification 660 - - -
NAG N-ACETYL-D-GLUCOSAMINE Acidification 660 - - -
PLE PALATINOSE Acidification 660 + - +
IRHA L-RHAMNOSE Acidification 660 - - -
BGLU BETA-GLUCOSIDASE Enzymatic 430 + + +
BMAN BETA-MANNOSIDASE Enzymatic 430 + + +
PHC PHOSPHORYL CHOLINE Enzymatic 430 - - -
PVATE PYRUVATE Alkalinisation 660 - + +
AGLU ALPHA-GLUCOSIDASE Enzymatic 430 + - +
dTAG D-TAGATOSE Acidification 660 - + -
dTRE D-TREHALOSE Acidification 660 + + +
INU INULIN Acidification 660 + - +
dGLU D-GLUCOSE Acidification 660 + + +
dRIB D-RIBOSE Acidification 660 + + +
PSCNa PUTRESCINE assimilation Assimilation 660 - - -
NaCl 6,5% Growth in 6,5% NaCl Inhibition 660 + + +
KAN KANAMYCIN RESISTANCE Inhibition 660 + - )
OLD OLEANDOMYCIN RESISTANCE Inhibition 660 + - -
ESC ESCULIN hydrolyse Precipitation 660 + + +
TTZ TETRAZOLIM RED Precipitation 660 + + +
POLYB R PLOMIXIN_B RESISTANCE Inhibition 660 + - +

B2\ X Bacillus sp. EFL2+= Bacillus safensis FO-036bR<}
Bacillus sp. MX473} 22 Al%gel &3t wgha 2 45
Bacillus sp. EFL2Z 9331t}

EFP3-19] 739 Bacillus subtilis strain 168, Bacillus subtilis

strain 1AM 12118, Bacillus amyloliquefaciens subsp. plantarum
(FZB42) 53 99%, Bacillus atrophaeus (NBRC 15539)%}
Bacillus licheniformis (ATCC 14580)% 98%2] A4S HSth
TABA A A3} EFP3S 5= Bacillus methylotrophicus
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Bacillus idriensis SMC 4352-2T(AY904033)

98

Bacillus aerophilus 28KT(AJ831844)
Bacillus altitudinis 41KFbT(AJ831842)

96

99

97

Bacillus stratosphericus 41KF2aT(AJ831841)
Bacillus sp. MX47 (IN578480)

99 _:Bacillus sp. EFL2
80 Bacillus safensis FO-036bT(AF234854)

100 I—Bacillus aerius 24KT(AJ831843)
L Bacillus sonorensis NRRL B-231 S4T(AF302118)

Bacillus atrophaeus JCM 9070T(AB021181)

97

59

7 Bacillus sp. EFP3

9
9 {Bacﬂ/m methylotrophicus CBMB205T(EU194897)

Bacillus mojavensis IFO 15718T(AB021191)
Bacillus subtilis subsp. spizizenii NRRL B-23049T(AF074970)

73
93 Bacillus vallismortis DSM 11031T(AB021198)

Bacillus pallidus CW TT(EU364818)

100

Bacillus acidicola 105-2T(AF547209)

100

100

Bacillus sp. EFL1
Isenella uli ATCC49627(AF292373.1)

Isenella profusa D315A-29(AF292374.2)

Bifidobacterium breve(M58731.1) Out group

100 _|:Biﬁdobacterium longum ATCC 15708(U10152.1)
100 Bifidobacterium infantis CIP 6469(X70974.1)

Fig. 1 16S rRNA gene sequence-based phylogenetic tree of Bacillus sp. EFL1, EFL2, and ELP3 with related bacteria 16S rRNA genes. Kimura two-
parameter model was used to determine the distance matrix. The bootstrap values were obtained using 1000 replicates regenerated with random method

CBMB205T w7 7+ AlFell &3t ool Aol
W EFP32 Bacillus%ol &31.2W, Bacillus sp. EFP3Z
EI

BEl
3

3

Bacillus sp. EFL1, EFL2, EFP39] A35A4
Bacillus sp. EFL1, EFL2, EFP39] PG EE Yolr] ¢
3ted 20, 30, 37, 45°ColA BA| w1 AT €
o5 BT 37°CAA 7P d5st s BHAd ggoz
30 °CTF. 20 °Colld= 37°Col vlaf oF 32%¢] S B
3, 45°Co M= 37°Cel Hls] oF 65% Aol S BT
ool AFE Hol & Aol EEF MAEES BT T2
A uAEel 31T

Z PSS AR 48] Hals #aEsist) 7t
HAEES LB HiRo] OD 600 nmellA]l 0.052 FE38l] 37°C
oA HiES AAJE B0, 2, 4, 8, 12, 24, 36, 4817l A=
< 3l5ste] mAEe] A 2 CMCase ¥ xylanase®] &4
d& 939t Bacillus sp. EFL1 vl & oF 2A|17HEH
o] 2 SUIs| AlRste] 24117k o] FHale] =
st & AMAE] Ao o] BT Xylanase@/d-2 vl 44]
WRE 4 S71sled 12417k He] =gsiglen, A
} o] ZFolte PSS HAUTH CMCase®] 7% xylanase

TRV Z wlg F AZRE EAo] SISk wiY F 24
Akl FHdle] =gd & Hx gahcste AEe BthFig
2A).

Bacillus sp. EFL2SHIF & 24A17kel] o] A =dst

Ni r\l m_\‘l_{ 0?:

[

F XA Aol Eolee S EUT Xylanasew WSS
F12MZ 7R HAE oz GAo] ZUIEE Fdrett
1 o]% @AEAC] Hiak Fojus S Hth CMCase®l
739 ulg T 2AHRE A8 0] U] Alsle] 24A17F
o] H&AS B ATHFig. 2B).

Bacillus sp. EFP3-& vk 5 1241700l HUlgo] =2&kd

=

. XylanaseZ3 & Wl 44170 F2E 7N Alste] )
F SR Fo ) BYL 8O F 234 Zolmk P

HATE CMCase= HISF 3 24x)7k] HBAS B 2
o] HA} HAskdthFig. 20). ode] AZlA 374
Bacillus sp=2] A7gwo] wleF & 247710 FHdjo] =3I
I F HR} FolusE S Btk ol2d A wik £ 24
Al A YA wlAEe] oS 8l ARE iR o] F
FEH dgdo] 2= A ol de= FNEEC] 9 oY
AREE Folto] Hol A 7] wizel mAEe] AAe] 23]

ot to o2 T

Y Folme S Hole Zow Helth Hdl 9]¢ At

A & 4 dEo] CMCase9t xylanase?] &AL PIAYEL)]

At Blssst e Bk olEe o= wiA o] &

FH B4 774= 3sle] CMCase®t xylanase®} 72 &4

el dedol S Wt ofgl Al Easth oy
iy

Al ol oF7|¥E AoE Wt

CMCase$} Xylanase¢] #3 2% ¥ pH
Bacillus sp. EFL1, EFL2, EFP37} AJAFsk= CMCase} xylanase
o] Aol YFE A= pH B 2= tigh TS AR
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Fig. 2 Bacterial growth of Bacillus sp. EFL1, EFL2, and EFP3 and the
enzymatic activities of xylanase and CMCase during the growth. Bacillus
sp. EFL1, EFL2, and EFP3 were cultured at 37 °C with 200rpm shaking.
The enzymatic activities were determined in 50mM sodium acetate
buffer supplemented with 1% (w/v) CMC and xylan at 50 °C. All results
are presented by mean £ SD (n=3)
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Fig. 3 Effect of pH (A, C, and E) and temperature (B, D, and F) on the activities of CMCase and xylanase obtained from Bacillus sp. EFL1 (A and B),
EFL2 (C and D), EFP3 (E and F). The effect of pH and temperature were assessed with 50mM sodium acetate buffer and containing 1% (w/v) CMC
and birchwood xylan, respectively. All data are represented as mean + SD (n =3)
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