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ABSTRACT

The present study was performed to improve the technique used for fermenting the mushroom
growth medium. Taxonomic analysis of 16S rDNA sequence from the predominant Bacillus strain
CY-24 isolated during the fermentation phase of the rice straw medium identified it as Bacillus
licheniformis. In addition, the growth environment of B. licheniformis was also examined in this
study, which revealed the optimal growth temperature and pH to be 30 °C and 6.0, respectively.
This study also revealed that carboxymethyl cellulase (CMCase) and polygalacturonase (PGase)
enzymes isolated from B. licheniformis achieved their maximal activities at 50 °C and 60 °C
respectively. Furthermore, the study confirmed that the two enzymes, i.e., CMCase and PGase
in B. licheniformis are stable at temperatures above 60 °C. The present study thus demonstrates
that B. licheniformis CY-24 possesses excellent enzymatic properties. It also reveals that the action
of enzymes during the production of growth mediums used for the cultivation of mushrooms
is closely associated with the promotion of fermentation and softening of the rice straw. Overall,
this study provides elementary information regarding the role of B. licheniformis enzymes during
growth medium fermentation for Agaricus bisporus cultivation.
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2ol A= 1960t & FE] BIEE o] &3t 5ol Aulie] 7= AuiE Al&keigih2). HE
S A& M| EZH O] 7]E LA EQ] cellulose 15-40%, hemicellulose 30-40%, lignin 20%, pectin 20%
B AN 24 07 o|Fof Jlom[3], HZle] A|aEHE Faliot7] oAl HiA| e TAlo]
A A o] B AlRS A Elsto] n|dEo] Bot A BdS Eoliohe s Sr34]. A2
cellulase, xylanase, laccase 5 F-2A-F-4 Bol| S 45 AYikoto] Baf| AHEQ1 G5 o[z Yo 2 o]
B35, F&o] FAR= AJA St hemicellulose, cellulose, lignin =02 AFE-SFCHS,6]. Cellulase
= 5 & A2 A endoglucanase, exoglucanase X -glucosidase 5 37H] EASEE /% 0] 1o
™, Al 7F2] 8471 FAloll 2 uf 3520l ofsto] 24 ARavt antdo g Fofd
4 Q= 712 9] &= E/goll w2t carboxymethyl cellulase (CMCase), Avicelase, p-Nitrophenyl-{3
-D-glucoside (PNPGase) = 7-25}7| &= SHCH7,8].

FEo] HjA] AJAtoll Qlo] 74 Fa3vt Q12 x| o] #UAS FESH= ZlojH, n|YE
9] 2+-gof| o3l cellulase®} hemicellulase®] FH| = B4 BiZ]9] C/N& RolA| 1L §-7]& tiH] F

7|22 gteFo] =0l TtH4,9]. Cellulase S AYAHok= 280 2= Trichoderma viride, T. koningii,

Y

Crysposporium pruinosum, Penicillium finiculosum, P, iricesis, Fusarium solani 5-°] $1.2H[10-14], Al
O 2= Bacillus sp., Pseudomonas sp., Clostridium sp. 5-°] &4 1tH15-18]. &°8°]=AHd2 5
20f| A 7ot /& Hol= ¥hH Ale] 3¢ HE/ = 34, e AdolM 2488 Uehdie
50| BTH7]. £3] Bacillus sp. 22 FI¥EE52 2H 84
2H|oto] WEel A 24 Eofict ©hAY o E GubA o g o83 4= Q1O M[19-21], surfactin,
fengycin, bacillomycin?} 22 PRI FYEEE YAlotE = o] A E8 WA 5 /-85t 45
2 AR 715 0F0H22-24]. T3 Bacillus sp.= HABN S A] A5 L7} w20 LS g /d ko] AL
2ol M= &S 4 Qlof EH|3 Ha 22 & AAZ 7iE 75/ o] =2 A
O 2 ko o tof] Z8&|of | 2L QITH25,26,27]. 2017 Lee] G:0] 3l uljx] Hhg o} W st
Ho| 9l = A Eo] Wi HiSH At Autol| w2 Al WA, 3/ Pseudomonas spp., AVt
5 T n A EEo] B 22 oI HE QlTH2,4.,6].

2 A= Sl A Ea B S 2t A7) oA Reft ¢ dw-E T E2fske] 16S
DNA H7| M B 5 272 nES st on, 2 Tl Sa5HA 2-&oh= nld &2l A
4 85l & A (cellulase, hemicellulase, protease, pectinase) /43S ZAFot] B2 n|AY=0] £H|s}

= CMCase, Polygalacturonase (PGase)2] 484 EA4Jo]| tj3l] Bl 5}a1x} gt

9l cellulase, xylanase, laccase ‘5=

=
ol
1

=
ox
L]

i)
T
=)
o=

S 5o AT s7ollA ol EluiA] 22t HA 7] DAlIA HiXE A, F, 5F 32 EHl=
25 WS TR Belt BF FR4E o] §3lo] Sl4jsn ExgmHC
= R2A [28] (yeast extract 0.5 g, proteose peptone no. 3 0.5 g, casamino acid 0.5 g, dextrose 0.5 g, soluble

starch 0.5 g, dipotassium phosphate 0.3 g, magnesium sulfate heptahydrate 0.05 g, sodium pyruvate 0.3 g,
agar 15 g) HiR]of] BTt B & 28+ T colonyS SH A 0.2 Befsto] vigsiict &
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S-E2]5t oA 22 RoA Hi R A 22 S0t Bt & FA| S 1o} 20% glycerol (V/V)oll EE5}o]
270°C Al 2= J1oj| A BE2SPAA A8 2 ALty

=2/ 0| 4= 38

£ n|yE2] 545 25to] API 50 CHL carbohydrate test kit (BioMerieux, Craponne, France)
£ A& nutrient broth (NB) HiA|of] 24 A]7t vl QFs} AL, wljFel| o] M =rsl AtE ATB
identificationcomputer system (BioMerieux, Craponne, France)= ©]-&5}o] 545t3tt 1 S0 168
DNA -F-5AF 2418 A A5 TH DNAE Qiagen genomic DNA Isolation kit (Qiagen, Germantown,
MD, USA)& AR8-5to] 2531, PCR 522 Techne thermocycler (Bibby Scientific Limited,
Stone, UK)Z2 4353t} PCR HHS- &3HoH2 PCR buffer (10 mM Tris-HCI pH 9.0, 50 mM
KCl, 2.5 mM MgCl,, 0.01% gelatin and 0.1% Triton X-100), 2.5 mM dNTP, 0.6 Unit Tap polymerase
(Sigma-aldrich, St. Louis, MO, USA) 10 pmol fD1 (5-AGAGTTTGATCCTGGCTCAG-3')2} 1P2
(5-ACGGCTACCTTGTTACGACTT-3") L8] 1 50 ng template DNAE ©]50]ZIT} PCR 94°C

oA 18, 56°Col|A] 148 2|3l 72°CollA] 227F 30 cyclesZ 4335+ 1L, ¥HS- & High pure PCR
product purification kit (Bioneer, Dagjeon, KoreayS AF-8-514 ZJA|$F & Genotech (Daejeon, Korea)AF
of| 2lg]ste] 71M LS BASIA: T FAME 2= Al clustal W A L2 1342 0]-&-5}0
tlo]E1E 7153t 5 GenBankell = thE ¥714 B} H| w5} 2.1, Neighbor-joining 2 =
[29] Al5E 25 o, Als42] 7 gl thieh A1Z] T4 bootstrap 1,0008HE-510] EAIS}
et

22| D[ g2 Zu 2 =x|

Alof] ARg-% 28 A2 minimum salt (0.5% yeast extract, 0.5% poly peptone, 0.5% NaCl, 0.02%
MgSO, 7H,, 0.1% K,HPO,) &4~ YAt vl 2| of| A 2] B AE-2 30°CollA] 36A17F EOJ L=l s
T, YA B2 E o]-g51o] B2 3,000 pmol| A 1027 A A SR A1} A1 & Eelsto] 4
TS FAUEI T 20°Coll BolHA] Aol ARgSHITh

2o ojMEo| M 19l SASIM X=X

?— =0 | o

e nAE v 25 AR | flste] R2A A ul A o] F5 ZETH T 4°CollA] 70°C
7HA] 10°C ZHA 02 24 H gl g7 1ol A 180 ipm 2 24A|7H BRI S & UV spectrophotometer
£ 0]-&5to] FE= 600 nmOllM A5 A =5 ARSI pHoll W 4857 == pH 3.0014] pH
9.0= 2% T n|BEZ FZToto] RAKSIRIT 1982 E4AE/J-S API-ZYM kit (BioMerieux,
Craponne, France) S A}-8-5}10] Bergey's Manual of Systematic Bacteriology [30]°1] 3510 Alglst3itt.

O 4E 24 M2 HiX] =X

F&o] vjA] A 2 5 HE W n]gE2] a4 AJARE B A= minimum salt (MS)EIA]E- 7|
£ HjR] 2 AFE5H O, cellulase2}t polygalacturonase ZHd-2 7] B || 1.0% carboxymethyl
cellulose (CMC) (pH 7.0)2} 0.5% polygalacturonic acid (pH 5.0)2 %7Fet YAl W 14| vz & A&
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1A} 2] 3 hemicellulase= 7|2 MS HiZ]of] 0.5% xylanS % 7F5F3 AL, protease= 0.5% skin
milkS 75t} ARSSIATE o] B 10°ColA] 70°C 7HA] 10°C T2 A3, pHE

Min et al.

O
S 17}5
3.0-9.0914] 150 ppm -2 36A]7F

= 0]-85}0] 600 2| SF == SA5IATE

8 2A(cellulase, hemicellulase, protease, pectinase)2Hd-= ZAFS}H7] 9fs}

FaRY/dE AAHA] 0]

MY Solzs 2d 24
=2 0= Ml 29
o Skd E-4HH (agar diffusion method)S AFESFI Y, §4E/ ] =G
A AAE clear zone2] A 73S 2450l A4S AT 2 ZAFSIICH
a4 Bl 2491 CMCase 242 CMCE 7|A 2 0}04 =7 6}04 t}. 1.0% (wiv) CMC &4 0.5
mL2} 200 mM sodium phosphate buffer (pH 7.0) 025 mLE £ &4 &4 025 mLe} 23}t 50°C
T o)== Y2 DNS 89 (3 5-dinitrosalicylic acid 7.5 g, NaOH 14.0 g,
= Lkl

o

oA 1527 HESAIZ

sodium potassium tartrate 216.1 g, Na,S,05 5.9 g, phenol 5.4 mL/L) 3mL= 7}5Fal 100°C] 5

T 20l M 43 530 nmol| A S =R S5t

HEl 235 g 49! p-Nitrophenyl-B-D-glucoside (PGase) /32 polygalacturonic acidS 7|2 2 3}

22351tk 0.5% (wiv) polygalacturonic acid (PGA, sodium salt)&-2H 0.5 mLZ} 100 mM sodium
acetate (NaOAC) buffer (pH 5.0) 0.3 mL2] HH3- 291 0.8 mLE 40°CollA] B|g] 10427 3] 0.2

e HREAIT] & f2] = S ES DNSH 2 2[31] 7}

o_ AT

5141, 100°Col| 527FHRS S Af-2-0f| A A5 530 nmol| 4] S8 =2 245 TH
15}od 4,20,

o

oXe)
< H

mL9] 2§ A0S F7}sto] 40°CollA] 20
‘_,) LN
| 2= 3 XX pH ™0 [} E 2HME T 1ot
3H2-ol 05 mLY} £G4 025 mLS
AlA G8)E)= SIS DNSH .0 2 AT XA pHY)
2HF01 0.5 mLof &4 FH-H 025 mL

X
40| 27 L= 2AY] Yote] Th
30,40, 50, 60, 70°COl| 4] 2027 BH-S-
ZAHE I3 50 mM citrate-phosphate buffer (pH 3.0, 4.0, 5.0), 50 mM sodium phosphate buffer (pH 6.0,
7.0,8.0), 50 mM glycine-NaOH buffer (pH 9.0 2 AF8-51%1 1, 2+
JJ- Zzai 8 _Q_OH 025 mLS Qo]—‘s]-O:] 2087+ ‘%‘_]'F}\] S DNSHoZ Al—]:]-]x-l ol g S Z/\].o].oﬂ
92 g4 HE2olof] 2 g4 M-S 2]7}5}0] 4, 20, 30, 40, 50, 60, 70°COTA] 244
ABAS ZAFSIIAL, pHOll thah OFg A& X2 HkS- pH RALol| ARSH 2+
1 mLof| Il 24417 Bt 5 DNSH O 2 ATl /S AL}

o} 2o gt Mg
FEtEAS T aa

pH 3.09.0°] ZEANS
lo] ZojA] == A2 AFRE 4 Qo2 CMCase?} PCase

=
At
250|2 I 24
240|228 G4 Ao Qo] £ a
of] gt F&o] 23 AHTAIE ZASH] Y5l &4 HRS-Hof| CaCl,, MnCl, CoCl,, BaCl,, CuClz,
MgCl, 65 34012 1 mM2} 5 mM2| 5 =7} = =% 5hof 20427 RESAIZ] £ fe] &= 2l
&S DNSH 0 & ZAleI9rh ClZT 2 10mM EDTAS AM&-atgith
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SAXE

Agle = 33] ke L3519l o doj i Aito] EA| ] 2] SAS program (Statistical
analytical system V9.2, SAS Institute Inc., Cary, NC, USA)S ©|-8-5}t0] 3wt} TFH A} 2 Duncan
multiple range testE 50101 ZF A Y Hatatol] thet FA14 524 A= p<0.05 =ollM FE=
2e) 51917 5ol Ak

Mz 22] 0]AE CY-24 (accession no. KT989579) w-+2] AJatsH2] E/4J-5 7 E510] Table 101 U
R Balgt Cv-24 #5-2] AJ3tsh EAJ-2 B, licheniformis= glycerol, glycogen, L-arabinose,
D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose®l| 4] FARH-S UERIC
gelating A7 42 7L AT APLZYM kitS: 0|83 7headll aa84de 34
St A 3K Table 2) esterase, leucine arylamidase, acid phosphatase, [3-glucosidase %] 2]=-ol|4] F/dHH-g
2 Ueiglon, olg] EAolie 84S LA eistc) ol2iet Auts uigko 2 544 2
3} Bacillus <5(genus)2-2 342101, 16S rDNAS] PCR S-Z0] 2J3fl oF 1.3 kb H7|M LS &

E

O

B35}l o, o] 7] Y& Ribosomal database projectS ©|-8-5t0] HFTdF9} S
At 11 AT} CY-24 5= Bacillus licheniformis2}t 99% A2 =5 B A thFig. 1). 545 272
2 B8] #FZ Bacillus licheniformis CY-24% "3 B. licheniformis= 13 YA], XA} &
A Al & 7ol BoF Fo g Jde] Biglo] Qlom, B, subtlis 2= 77 2AWAIE P4

Table 1. Carbohydrate utilization pattern of Bacillus licheniformis CY-24 by API-50CH kit.

Carbohydrate Activity ~ Carbohydrate Activity

Growth D-fructose +
4C - D-mannose +
10C + L-sorbose -
60°C - L-rhamnose -
Control - Dulcitol -
Urease - Inositol -
Hydrolysis of gelatin + D-mannitol +

Utilization D-sorbitol -
Glycerol + Amidon (starch) +
D-arabinose - Glycogen +
D-ribose + Gentiobiose +
D-xylose + D-turanose +
D-galactose + D-lyxose -
D-glucose + Hydrolysis (protease) +

+: Positive reaction; -: Negative reaction.
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Table 2. Enzyme activities of Bacillus licheniformis CY-24 by API-ZYM kit.

Enzyme Activity  Enzyme Activity
Control - .

Phosphatase alcaline Phosphatase acid i
Esterase (C4) + Naphthol-ASBI phosphohydrrolase -
Esterase lipase (C8) - a-galactosidase -
Lipase (C14) - B-galactosidase -
Leucine arylamidase + B-glucuronidase +
Valine arylamidase - a-glucosidase -
o-Chymotrypsin - B-glucosidase -
Cystine arylamidase - N-acetyl-p-glucosaminidase -
Trypsin - a-mannosidase -
a-chymotrypsin - a-fucosidase -

+: Positive reaction; -: Negative reaction.

s}l 3

2,33]. B. licheniformist= 11-2/3 0™ 7]/ M2 WAHZEALZ Eq] Folglomn,
cellulose S 3=l AF&-%]+= endo (1,4) 3-d-glucanase S AJ+FSITE Exo (1 4) B-d-glucanase= 3

(14) glycosidic AZ2-S T2+ 2 ATHeHA cellulose A2 2H = H|gH Yool Aok
0] cellobiose THY = AJAJH T cellobiose= O|FF EEHFOZ 7[4H OHg 4= Q) O cellulose
7} RS BEAS §4% 02 J[4Ral|at 4= QIrh34]. S35 B, licheniformis= Q17+l A] HIH QA

Aoz ehelx] lon, g T AT 22 4elH S= U B WA 5 5% &

T2 Ak 3 Aol ARGE 0] 2 n] A E = A ITH35-37).

=alzel 2= W X7| pHe| I

w2 nEY] A S5 FY5t7] st q Jot 228 A4St 23+E Fig 20 UEf
WAtk B. licheniformis CY-24 w3-2] 2|2 A& = 30°CH 21, 40°C7HA] S-S 3l ont,
60°C o)/FollM= 852 shA] Zsk3iH pHoll T *@%2 ZARRE A} 24 pHE 4.00]3L, pH
6.0 7HA] LksiA| AFzhe 212 915131t Gomaa [38] AT Aol w2 30°C7F 24 2%
1, pHE 6.00] 2 Zo]2}1l B 1549 11, Vijayalakshmi [391= X 2] &%= 40°C, 24 pH7} 6.00]2}
2 B sk Al ARSI B. licheniformis= w5 -2 ol A A8-0] 755 al BEot A)8-0] H
otye 7oz woty

O

ga|Ro| s A%H £

2|3} B. licheniformis CY-24 5-2] &%= 9} pH H35tof| hZ CMCase, PGase E42] /4
AFet AIHE: Fig, 30f) YFERNRITE. B. licheniformis CY-24 15+2] CMCase®l| thgt /-2 30°Cl *1
23] Z/J0] =ok7] Akt 60°CollA] Xt 242 B 3121, PGaseol] theh B/d-2 4°C &
2ol A FE] HAFA 07 Af55to] 60°CollA] Aol &/ Blom 70°C A &5 = AS &
5FiTh o] A}= Qkto] B ujr| o] 271t el THFg 2 AxH A 55-65°C 7HA] &7 A
o] wjat v 2e] 84 et g A 0 2 BAdst 2 Zoj2)a Azt Lee S{4019] 2ol

o

l‘EF
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63 Bacillus tequilensis HQ223107

- _|;Ilus subtilis AJ276351
- Bacillus atrophaeus AB021181
26!Bacillus mojavensis AB021191

Bacillus amyloliquefaciens FN597644

Isolate CY24
Bacillus licheniformis DSM 13
e Bacillus sonorensis AF302118
3t— Bacillus aerius AJ831843

0.001

Fig. 1. Phylogenetic tree of Bacillus licheniformis CY-24 based on 16S rRNA sequence
similarity. Branching values determined using 1,000 bootstraps. Bar, 1 substitution per 100
nucleotides.

(A 16 B 4
14 4 124
€ 124 E
L= c
o 14
% % 08
S 08~ w
=1 S 064
= 06 4 e
> >
o 044 8 04 4
© 0.2 4 02 4
0le —s i
4 10 20 30 40 50 60 70 1 2 3 4 5 65 7
Temperature (°C) pH

Fig. 2. Effect of temperatures and pHs on the growth of Bacillus licheniformis CY-24 after
24 hours cultivation. Each graphs show mean + standard error of the mean (SEM) of at
least 3 independent experiments performed. (A) Effect of temperatures on the growth of
CY-24. (B) Effect of pHs on the growth of CY-24.

=z
>
S
—
w
=

++ @0 PGase

Relative activity (%)
Relative activity (%)

4 10 20 30 40 50 60 70 3 4 5 6 7 8 9
Temperature (°C) pH

Fig. 3. Influence of temperatures and pHs on carboxymethyl cellulase (CMCase) and
p-Nitrophenyl-B-D-glucoside (PGase) produced of Bacillus licheniformis CY-24. Each
graphs show mean + standard error of the meanfullname (SEM) of at least 3 independent
experiments performed. (A) Influence of temperatures on the enzyme activity of CY-24. (B)
Influence of pHs on the enzyme activity of CY-24.

2R Bacillus <501 4512 w52 45°C 5L 55°CollM B2/ o] PsHA| 7215 H, 65°CoilA]

L Algio] 7ol 9l AT o] ZATIHIL B g Avet ul4e ATt E @S 4 Uie

St pHO| 7 CMCaseT} PGase & &4~ 5% pH 6.0 7HA| A4 0 2 455t} pH 7.0 FE| 27k
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l
P

SHA| YrokAl= 354 0] U912, PGase2] 7% 73421 pH 3.0 oA = 80%2] &S Leh
CMCase= Bt -2 YoM 2 45 el S &Rl

oE

ol thet S40l2 = A E7] 215t BaCl,, CaCl, CoCl,, cuc12, MgCl,, MnCL, 65-2] 24
3t A3 Fig, 40 LERARACE B. licheniformis CY-24 252
1 mM 2 5 mMe| CoCLOIA 74 =2 348 Bl F4o|e
Uepd o, tix2 s mMe] S EojA]e] 240l 1mM %
mM MnCl, 5 E0lA1= 1 mM MnCl, s =20 848 S7HAZT

i)
rfo
o
o
N
ol
L
folr
P~
fifor
ox
o
BN
>~

o,

v oX —lo
o =

r2 o

T H\:]— gAjo] ZFA5HIA|

PGase2] 7% 659] F4:0]-2 % 80% °)/de] =2 &S B e, o] F 1 mM CoCl,, 5 mM
MgCL2] FEol|A 71 =2 242 LERHITh
(A) 120 - (B) 120 1 N 1mM 5mM
100 4 € 100 I gz gt 1 I E
2 80 - 2 80
= >
S 0 8 60 -
g 40 4 g 40 4
o o
e 20 1 & 20 A
0 0
EDTA CaCl2 MnCI2 CoCl2 BaCl2 CuCl2 MgCl2 EDTA CaCl2 MnCl2 CoCl2 BaCl2 CuCl2 MgCl2
10mM 10mM
CMCase PCase

Fig. 4. Effect of inorganic salts on carboxymethyl cellulase (CMCase) and p-Nitrophenyl-
B-D-glucoside (PGase) produced of CY-24. Each graphs show mean + standard error of
the mean of at least 3 independent experiments performed. 1, CaCl,; 2, MnCl,; 3, CoCl,; 4,
BaCl,; 5, CuCl,; 6, MgCl,. The results are obtained from three replications. a-c: Different
letters are significantly different by Duncan’s multiple range test (p<0.05).

5 8
B Q17 Qo] whAle] Tl w74 sk 49E AASIT ol 2 il
Hh g oA 0| A 2 S}= Bacillus strain CY-24 055 <5=2-2]51%] 16S iDNA §7| A2
A A3} Bacillus licheniformis= SY& T B. licheniformis |2 A8 =+ 30°C, 2|4 A
6.0°1|A] 71 AJ8-0] Zhdksl 71-& 2015191 0, B. licheniformis CY-24 w5+ glycerol, glycogen,
L-arabinose, D-ribose, D-xylose, D-galactose, D-glucose, D-fructose, D-mannose ‘52 Et4AH S 2 -8
SHaL, @A =% AT} esterase, leucine arylamidase, acid phosphatase, 3-glucosidase ‘5014 93
11-3-5 LFERN QAT CMCase B &&= 50°C, PGase= 60°COlM 714 &b} Zoiate]9lom,
CMCase, PGase F &4+ 60°C o)/goll A& QPg/do] f-A &= S &SRt 24029 &
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o 7= CoCl, ImMOlIA] 71 @/do] =& 210 & YRttt B. licheniformis CY-242] G454
542 Tl 94519 0m, ol Aol ALGEE MAI S AAFSHE THol Fao) 2182 o
Zo| W 2217} 915} 2-gol| WS AP} 9lo B 2 G-8EA9 0 24 W7o Tt 7]
ABZ 0| §F 4+ S A 0= wheker) 2% choRt ol PRI v 45 Agol tigh v
A7} o) 2ok 483 A1 0 2 0] § B 4 91 Ao = A7),

BN g

=)
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