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ABSTRACT: In order to isolate compost-promoting bacteria with high activity of cellulase and xylanase, spent mushroom
substrates with sawdust were collected from mushroom cultivation farm, Jinju, Gyeongnam in Korea. Among of the isolates, one
strain, designated CA105 was selected by agar diffusion method. The strain CA105 was identified as members of the Bacillus
subtilis by biochemical characteristics using VITEK 2 system. Comparative 16S rRNA gene sequence analysis showed that isolate
CA105 formed a distinct phylogenetic tree within the genus Bacillus and was most closely related to Bacillus subtilis with 16S
rRNA gene sequence similarity of 98.9%. On the basis of its physiological properties, biochemical characteristics and phylogenetic
distinctiveness, isolate CA105 was classified within the genus Bacillus subtilis, for which the name Bacillus subtilis CA105 is
proposed. The cellulase and xylanase activity of B. subtilis CA105 was slightly increased according to bacterial population from
exponential phase to stationary phase in growth curve for Bacillus sp. CA105.
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T8AIshE AR v wA 1%, 21873
AH|E F7Fstal Qith WAl &H
HAFSE A EE AR (spent mushroom
substrates; SMS)] WA= Z715AH S Ho| ). B
A A= wAle] FFet A2 ol whe} thekatA]
g 5] diiate] FutE FEo7] v flE T
o] 3 WAl FAKAISE WMAle] XS 7 A g E
Ho] #E3) omw FgH F =R o)t
(Williams et al, 2001). WA x] 9] @A gFo] Z7}
ghol| whe} MAEgulx] o] Egete] tisk #HAlo] T
7FskaL St

HAFIESMA = {71 o] E7] diol A
213745 (resource cycling agriculture)®] A}lo] =
Itk 28 2135 sakakE & 471
AL ko] skatar 3}et]| 5ot HoF A
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HHgE B8l f71EQ ARl A ER WSkE =
dHe] FEHAo|th(Jeong et al, 1999; Tchobanoglous
et al, 1993). %% EH]= vjAEo] Eujsh gz
of oJalf E¢F Aetsyt FAE EGY T4, T4,
B 58 A E & S Be ot mAlEo] A
gk o] Xth AR 23l A EHUA mAES] F20] ¢
AE 4% 2Uch(Shin and Cho, 2011). EH]|s}= nAE
o ol L2 (40-60°C)ellA o] Fo A= fr7]=e] 5714
el ol ER, I M, it 5 FEESF
AES H7tste] A, S2E2d)7] 59 HH|s)
7F 3" AF3E°] RESItH(Hong and Park, 2009;
Han et al, 2010). EH]s}o] #odsl= v ELS Bacillus
&= Clostridium <, Pseudomonas 3, Cellulomonas <5,
Xanthomonas 4, Pectobacterium carotovorum, Streptonyces
&, Thermomonospora %5, Tricoderma % 5°| YHA 3
omw o] F Bacillus &8 ALYEH T2 cellulase,
xylanase, lactase 5= wHIst] sl =425 wallst
3 o]E Ao g o]g3 4 Qlg Wnk oy} iturin,
surfactin, fengycin, bacillomycin} 72 3314
=4 AL wiel A=W MAEHE Ve
Ao AAufF Al ThE HF5ol HlE| ASEETF wE
A A YA LoME AT F Jloenw FH
HgE 93 553 vAER AME F e 83
A E zFlo|th(Regine et al, 1985; Vanittanakam and
Loeffler, 1986; Kim et al, 1995; Nakano et al, 1998;
Roongsawang et al, 2002; Kim et al, 2004; Schallmey
et al, 2004; Lee and Choi, 2006).
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Eato] =gl BRI A= ARE-SkaL AT
ZelHAL FekafRlel] -5 she nAE
TR 1 g& Hagol HEER]
trypticase soy agar(TSA) ZAHRA| o] =23k T 40
oA 36A17F &<t uiFeted Fel st

=2|Te| dE|H SH I WSS S4 ZAL

T AdE 5= 40°ColM 36417 &} vl v
1% phosphotungstic acid=Z negative staindt ¢ F3}3 =}
HAn 7 (JEM 1010, Germany)2- 2 FejZ 54& els}
Fom™ Gram Y /243L Gram stain kit(BD, USA)S
ARE-ste] GAIgE & #And o2 Aaste] WSl &
Tt 2] S PR G TSA viX|of 2]+
S =2 £ 10, 20, 30, 40, 50, 60°CellA 2 E3F Hl

[e}
£ Bacillus 1D kit(Microgen', UK)$} VITEK 2
system(bioMrieux, USA)S AR&-3to] ZALSHSI T

E2|72| 16S rRNA Y7|IMY 24
HF A #3539 16S rRNA 9714EL F¢asdd
1+-8-(Polymerase Chain Reaction; PCR)S 53 3lo] A
AHE F 1.5kboll SlEshs @S PCR purification
kit(Qiagen, USA)E AR&-3te] AAgH tha Macrogen
(Daejeon, Korea)oll 2]Z|5le] #4513t SFa A
Hk-g-oll ARE-8l universal primere= 27F(5’-AGAGTTTG
ATCCTGGCTCAG-3")9} 1492R(5’-GGTTACCTTGTITAC
GACTT-3’)°|2L THEAAHREES genomic DNAE
94°CollA 57 AR F] 94°CollA 12, 50°CollA 1%,
72°CollA 18 30%9] 2ACZ 30 cycleS wHE3S TS
iRt 2= 72°ColA 10 &<t Faesth HE A
+52] 16S rRRNA €714 <€L GeneBank database®l 5
S5 #7592 16S rRNA @71M 3 5488 ZAsH
AT FAAAE A8 2 A3+ DNAMan
analysis system(Lynnon Biosoft, Canada)g ©]&3}o] A
TERE 28T

=2 20| 2H|3t= =g a

2]+to]  cellulase &3 0.5% carboxy methyl
cellulose(CMC, Sigma-Aldrich, St Louis, MO, USA)%}
1% trypan blue’} #7}¥l Luria-Bertani(LB) Al A] o]
EFS FES tha 40°CollA 2¢ B mj st & 2=
Y FHoll FAE cellulose w313 Z71& S35l gl
It Xylanase €442 0.5% xylan(xylan from oat
spelts, Sigma, USA)°] 7|4 = H7Fe JAuiA] o 2]+
= STty 40°ColA 253t M geE 5 iodine> =
GAlste] 2y FH PAE xylan H3S A7E =
Aated glsiaint.
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Bacilius subtilis ATCC19217 (CPO09749)

Bacillus subtilis )-18(K)934378)

Isolate CAT05

Bacilius vallismortis A6-9 (JF496357)
Bacilius vallismortis WAS3-1 (JF496511)
Bacillus amyloliguefaciens XHT (CP002927)

Barillus amyloliguefaciens M69 (GQ340480)

Bacilfus sp. BAB-3426 (FKF317156)

Bacillus sp. YCT007 (KP201498)

Fig. 1. Phylogenetic relationships of the isolate CA105 and
other closely related bacteria based on the partial 16S rRNA
gene sequence. The branching pattern was generated by the
neighbor-joining method. Bootstrap values(expressed as
percentages of 10,000 replications) are shown at major
branching points. Bar, 0.05 substitution per nucleotide
position.

2algo| 4] 54 Y5

o] Ago] a4 A vRe 92 Shin and
Cho(2011)2] el w2} AT 0.5% CMC B
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22X A o2 AFHS FElek wigS 13,000 rpm
ANA 10% & AR s = Rt 35 o A
5 250 ul2 0.5% CMC 500 ul, 200 mM phosphate
buffer(pH 6.0) 250 ul& &334 100°CelA 10 52t
HESAIZ]L & 600 nmollA] =8 S48 . Xylanase
24E CMC thAlell xylang 712 =R ARE-3le] cellulase
o} U3 whEo g =431}, Cellulase$} xylanase &
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slol AFA WA 2] ekl HA BAA St
B 257 WA 28IAE 2HE e Basel A

Table 1. Cellulase and xylanase activity of the isolated strains
from spent mushroom substrates. The activity ratio was
calculated from clear zones formed on LB agar plate
containing CMC or xylan as substrate and incubated at 40°C
for 36 hr.

(unit:cm)

Activity ratio

Isolated strain

Cellulase activity Xylanase activity

CA101 - 1.9
CA105 2.0 1.8
CAl110 - 13
CAlll 1.3 -
CA113 1.1 -
CAll15 - 1.8

3l 10722 st on 849 TSA AR o] =
LI v 40°ColA mfgsted 19719 w5 E2lskint.
et 5 HislAd 22 Afa s sl ¢
T A5 Adsr] $18t agar diffusion ol wet &
2]7+2] xylanase®} cellulase 43S FAFSI xylanase<}t
cellulaseE et 67 5 12 AEaisint. 12k A
W #5 F xylanase®} cellulaseE FA|o ¥H|6= 4
CA1055 FHFdEste] 2 Aol A3t tH(Table 1).
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Fig. 2. Growth and enzyme production of Bacillus subtilis
CA105. Bacillus subtilis CA105 was growth in LB medium
with 0.5% CMC or xylan at 40°C for 36 hr. The cell growth
was determined by measuring ODg,, of cell culture. The
enzyme activity was determined with the culture
supernatants.
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Table 2. Biochemical characteristics of Bacillus subtilis CA105

Characteristics Reaction
B. subtilis Strain CA105 B. lincheniformis

Arabinose + + +
Cellobiose + + _
Inositol + - +
Mannitol + + +
Mannose + + +
Raffinose + + +
Rhamnose + + +
Salicin + + R
Sorbitol + - +
Sucrose + + +
Trehalose + + +
Xylose - + +
Adonitol - + +
Galactose + + R
Methyl-D-Mannoside - - +
Methyl-D-Glucoside + + +
Inulin + -

Melizitose - . _
Indole - -

ONPG + + +
Arginine - + +
Citrate + +

VP - -

Nitrate - + +

+, positive reaction; -, negative reaction.

UER ™ VITEK 2 systemol] &3 EA Ao =
B. subtilis, B. lincheniformis2} +AFSH As}skd EA4S
UERAAT}. Bacillus 1D kit2t VITEK 2 systemel |3
et CA1059] A3l ¢l 542 S¢ahH Table 29
7¥o]  arabinose, cellobiose, mannitol, mannose,
raffinose, rhamnose, salicin, sucrose, trehalose, xylose,
adonitol, galactose, methyl-D-glucoside, ONPG, arginine,
citrate, nitrate 5o W3l YIRS X O methyl-D-
mannoside, inulin, melizitose, indole, inositol, sorbitol,
VP 5ol taire 398 Ehdct.

o] AT FAdAE AR Asted 16S
RNA @714 EE 243 43 Z2ld CAI05E B
subtilisSt 98.9%°] 735742 Uehilen Z2lxte] 168
rRNA 9714 E &A% ASE+ GeneBankol]l 554
TTE9] 16S rRNA @71 S vlwste] 1 A34E Fig.
19 e}, Bacillus 42 Th¥st 370X 225
Agste] e = Q7] wEel el wet F ok

o] & MFSZ 16S rRNA H71XLolA 100%2] &%
< YeEdaiE AR & Fo=2 ERE T S
(Seki er al, 1978) E&] CA105% 16S rRNA 97|14 <
B M= olu] RAIHE B. subtilis?} 98.9%2] 35S
3

< YERAAG

2 CA1059] A28 A3t 543} 16S rRNA &
71ME FAE B8 ASEE FAdBAE FdE EE
& CA105% Bacillus subtilis CA1052 S A}, dxt
O 2 Bacillus & TFF3 @49t WELS tUFF
Heh ZAE PAdste] ket ST AET = 3l
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Ao ZM f8sk Aol d 4 S Flolt).
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Cellulase®} xylanase #-H]50] -8 5531 AldS
wEat7] flste] 2FA] HEA AAle] =EiHAl Au)
SFORRY =EEHA SR E
A FETMRZRE 19%Y #75 EElEreH
o] % cellulase®} xylanaseS Aol #¥]3ks 45 3
& Adwste]l CA105= "™ 8IAth. Bacillus 1D kiteh
VITEK 2 systemE ©]-8-3t 2]+ CA1059] A4s}sh4]
548 2AFe Ao A = it CA105S B. subtilis®h
AR 548 JERIIe™ 16S rRNA €714 9 4
Aol M= B. subtilis®t 98.9%2] 3573 YERNATEH
ol9h e AHE FHet] Tl CAI052 Bacillus
subtilis  CA1052 BAFSAT. EEgeol EvHlse=
cellulase®} xylanase €742 &e]o| 525l wet i
A7 SHHE F438] S7FeaL AR 710 dehH
Bago] O o) ST e AR UEsT
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