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Isolation and characterization of Bacillus subtilis NO12 from

button mushroom substrates
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ABSTRACT: Twelve strains of bacteria with cellulase and xylanase activities were isolated from spent mushroom substrates
collected from button mushroom cultivation farm, Buye, Chungcheongnam-do in Korea. Among them, one strain, designated
NO12, with higher cellulase and xylanase activities was selected by agar diffusion method. The strain NO12 was identified to be
a Bacillus sp. by biochemical characteristics using Bacillus ID kit and MicroLog system. Comparative 165 rDNA gene sequence
analysis showed that strain NO12 formed a distinct phylogenetic tree within the genus Bacillus and was most closely related to

Bacillus subtilis with 16S rDNA gene sequence similarity of 99.2%.

Based on its physiological properties, biochemical

characteristics, and phylogenetic distinctiveness, strain NO12 was classified within the genus Bacillus, for which the name Bacillus
subtilis NO12 was proposed. The cellulase and xylanase activities of B. subtilis NO12 were slightly increased according to
bacterial population from exponential phase to stationary phase in the growth curve for B. subtilis NO12. The xylanase activity
continuously increased from the beginning of the exponential phase and exhibited maximum activity in the middle of the

exponential phase.

KEYWORDS: Bacillus subtilis NO12, Cellulase, Spent mushroom substrates, Xylanase.

o
I

L
o 7

ok 2ol ZoheRA HA v A%
el glewt s 2617} 318 o
Q1 WA A ] 0

s3u)A) e wlAle] 5o} A

o
o]
%S

0,

2EZ 9} LX) (well-being)Z-3}] 4
1A
2 =
LA

EPAE-E

TS

b1

ol

J. Mushrooms 2017 December, 15(4):249-253
http://dx.doi.org/10.14480/JM.2017.15.4.249

Print ISSN 1738-0294, Online ISSN 2288-8853
© The Korean Society of Mushroom Science

*Corresponding author
E-mail : sicho@gntech.ac.kr
Tel : +82-55-751-3397, Fax: +82-55-751-3399

Received September 10, 2017
Revised ~ November 10, 2017
Accepted November 27, 2017

This is an Open-Access article distributed under the terms of the
Creative Commons Attribution Non-Commercial License (http://
creativecommons.org/licenses/by-nc/3.0)  which  permits  unrestricted
non-commercial use, distribution, and reproduction in any medium,
provided the original work is properly cited.

249

Hl] ¥-2lof] uhel ThFEA] RE o ta} &0 U8
olw WAl Aujg S viA] FUEE] 15-25% H =R ¥
Aol oa) o] 85 YA MAFEEuR o] ol Q)
< Wk oluel WAL A 7E sk thesk AJeEAd
E23 WA FAMA 5ol FEE Q7] Uﬂ% o 8717t
F1EH,
L], Ho] T HWAE MAFETAE f7]E =
H], 7I5ALES H7HA|, WAl vi=], vlo]omj 2 o1
JL8, 25 Ahra‘l Hjz], S EY9E BHE Fo7 &8
ATH Y FFo] FEFUIAE FUE Tl
WAL wiA] flol] HEE Zobr] WAS wlgslr] lﬂ1
G877} Grof tiR-E AfujAL Ao mxp:,u A
o] = 91 S WA HW*
i = HEre o 24, wWalge] 59 sl
AlA FEo] AErtidle Azkst FElE & 7 oA
FFol FEFuR o] Egrete] Bt Arh Hask A
Aolt}.

Pl T Bl

=]
B8 EY

ot

E

& Teke A7t Ams



Uk - ol B -

ol

A4 - 254

250 A3

3L glew ol iRl f7lE ol Ytk
Aol 7] wioll F= FFol FaFulx| e Hu|st 7le
el gk A77E Bol WAL vk, FFo] FF-
w1 E Enlsketr] Qs FEulA] o] sl £
& B3 = AE cellulase$} xylanase F-H] 50| -3t
TA=E o83 Hvst $A4o] Fasitt. Hu|st 342
nd=e Agor frlee] AEH o Eeuo] <t
ste= dde) Fageln FaE EHHle vAEo]
HgE oo ofsl B detsrt 44 Bl T
718, 74, B 55 NS = s B oy
njgEo] g ojxfthARkEel olal] A=A ndE
o] F45 oAE Fx dk(Williams, 2001; Shin and
Cho, 2011). ER|s}ol] #Hsk= W= Bacillus sp.,
Clostridium sp., Pseudomonas sp., Cellulomonas sp.,
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Xanthomonas sp., Pectobacterium carotovorum, Streptomyces,
Thermomonospora, Tricoderma 5°] YA o x|
Bacillus sp.2} Clostridium sp.©l| 33 A7} ¢ &yt
A o] FoiA AL Ut 538 Bacillus 42 MIAEES A
2JEH] G422 cellulase, xylanase, lactase 52 +H]5}o]
dRaY BAE Beel ol% Tao® o]8% 4 3l
S ¥t olZk(Lee and Choi, 2006; Kim er al, 1995;
Kim et al, 2004; Shin and Cho, 2011) iturin, surfactin,
fengycin, bacillomycin¥} 7+ &34 LS Ak
st7] wiwe] Aed wARAE JHE & deH
(Nakano et al, 1998; Regine et al, 1985; Roongsawang
et al, 2002; Vanittanakam et al, 1986; Shin and Cho,
2011) HARF Al TFE 5ol vls) &St waar
FAE GAste] 2ol M= AET S e B2 (Schallmey
et al, 2004) E¥|s} F=F3] ndEo|Y nAASARZ
e 7hsAd o] =& AFYolth, Yun er al (2009)2] Ao
o3 o] STl B8 Awe ABAYE
AL} Yor] MAFHFHA o T v Ro]
Ak oz wasm gk,

= Aol e &Fol SRl Hulst $Adl 2
g #FE NET BHORE ol o] AuisTiel
A R85 iR A cellulase$} xylanaseE 4|3}
© 475 FEet EElie] SAS AT

TR $-s= #5 F CMCase®l xylanase
Pyol 353 FFE L] Astel 9 FolE A4
B Aol ol AETlA FHFMAS S ek
o ol FaFHIAe] Sk R A WA 1
gS ol 8]4e & trypticase soy agar (TSA) HIA]
o Z=Wd T 40°CollA] 48417 Fet wjdsted #2)3)
Row 12709 #F7F EeHAT. 2] cellulase®t
xylanase 242  carboxy methyl cellulose (CMC,
Sigma-Aldrich, St. Louis, MO, USA) E+ xylan (Xylan
from oat spelts, Sigma-Aldrich, St. Louis, MO, USA)©°]
742t 71d = 71 TSA wiAlolA gRlsidict. el

Table 1. Cellulase and xylanase activity of the isolated strains
from button mushroom substrate

Activity ratio (mm)

Isolated strain

Cellulase Xylanase

NOO01 3 -
NOO02 5 3
NOO03 - -
NO04 5 -
NOO05 3 4
NOO06 6 5
NO07 - -
NOO08

NO09 7 -
NO10 2 -
NO11 - -
NO12 10 7

*The activity ratio was calculated from clear zones formed on TSA
plate containing 0.5% CMC with trypan blue and xylan as substrate
and incubated at 40°C for 48 hr.

cellulase w¥H]5°] 3 #5E TS 0.5% CMCS}
1% trypan blueZ} 71 TSA vix]o] &3 tha 40°C
oA 48AZF FRF Wik & IZEY FHe] FAE
cellulose #3ligke] A& A3l AEsidon
xylanase ¥l 538 = 0.5% xylano] 7]E=Z
H7hE TSA iAol feltS HES the 40°CollA] 48
A)1ZF Fet igE £ jodine o2 FAsle] I2L FHo
PAE xylan T3] A71E SHst] Attt &
2]+t 5 cellulose == xylano] Z}2t 7|22 7k TSA
Aol M Rejgke] =77F 7P & 45 NO127t
cellulase®} xylanase H]5°] 7P 578 472 HF
ARttt

ol NOI129| Fej4 542 et TSA x|
A 48A17F FRt wj st & v
A3 g NOI2E Gram¥A ZHtFoldth. <t
NO129] As}ers 5L Bacillus ID kit2} MicroLog
system2 ©]-&3lo] B39 9™ Bacillus 1D kitZ 4]
st A3} B2l B. subtilisSt 99.2%2] probabilityS L}
BRI 2™ MicroLog system©ll 2|3 A= B,
subtilis®t AYe A3ketd EAS JepAIT. Bacillus
ID kit2} MicroLog system®ll 2]+ ¥-2]d NO12<2] A3}
shzlo] EAS =39slH Table 13 7]  arbutin,
cellobiose, dextrin, D-fructose, D-galactose, gentiobiose,
D-glucose, maltose, mannan, D-manitol, 3-methylglucose,
D-psicose, D-raffinose, D-sorbitol, sucrose, D-trehalose,
a-hydroxybutyric acid, p-hydroxyphenyl acetic acid, L-
lactic acid, pyruvic acid 5l 8] Fgut-s-S H A
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Table 2. Phenotypic characters of strain NO12
Chracteristics Reaction Chracteristics Reaction

Morphology m-inositol -
Shape Rod Inulin -
Gram stain + D-lactose -
Cell dimension (?) 0.4x0.8-1 Lactulose -
Flagellation > 1 Maltose +
Swarming on soft TS agar Maltotriose -
Endospore formation Mannan
Physiological properties D-manitol

Anaerobic growth D-mannose -
Aerobic growth + D-melezitose -
Growth at D-melibiose

10°C - Methyl-a-D-galactoside -
20°C w Methyl-B-D-galactoside -
30°C + 3-methylglucose +
40°C + Methyl-a-D-glucoside w
50°C + Methyl-B-D-glucoside -
60°C + Methyl-a-D-mannoside -
Growth in NaCl Palatinose w
5% - D-psicose +
10% - D-raffinose +
15% - L-raffinose -
Biochemical characteristics D-ribose

Oxidase activity D-salicin -
Catalase activity Sedoheptulosan -
Urease activity - D-sorbitol +
Voges-Proskauer test - Stachyose -
Indol production - Sucrose +
Hydrolysis of Tagatose -
Casein - D-trehalose +
Gelatin Turanose -
Starch Xylitol -
Carbohydrates D-xylose w
N-acethyl-D-glucosamin w Carboxvylic acids

N-acethyl-D-mannosamine - Acetic acid -
Amygdalin - N-acethyl-L-gutamic acid -
L-arabinose - a-hydroxybutyric acid +
Arabitol - B-hydroxybutyric acid -
Arbutin y-hydroxybutyric acid -
Cellobiose p-hydroxyphenyl acetic acid +
a-cyclodextrin - a-ketoglutaric acid -
B-cyclodextrin - a-ketovaleric acid -
Dextrin + L-lactic acid +
D-fructose + D-malic acid -
L-fucose - L-malic acid -
D-galactose + Propionic acid -
Gentiobiose + Pyruvic acid +
D-glucose + Succinamic acid -
Glycogen - Succinic acid -

+, positive reaction; -, negative reaction; w, weak reaction
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is FZB42 (NRO75005)

Bacillus amyloliquefaciens NBRC15535 (NR041455)
Bacillus amyloliquefaciens MPA1034 (NR117946)
Bacillus sbtilis subsp. subtilis 168 (NR102783)
Bacillus nematocida B-16 (NR115325}

Bacillus subtilis JCM {NR113265)

Isolate NO12 (MG396985)

Bacillus subtilis subsp. Inaquorum BGSC3A28 (NR104873)

Fig. 1. Phylogenetic relationships of the isolate NO12 and other closely related bacteria based on the partial 16S rDNA 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, 0.005 substitution per nucleotide position.
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Hk-3-(Polymerase Chain Reaction)S F335to] 42 AHE
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Fig. 2. Growth and enzyme production of Bacillus subtilis
NO12. B. subtilis NO12 was growth in TSB medium with
0.5% CMC (+) or xylan (-+) at 40°C for 48 hr. The cell
growth (-e-) was determined by measuring ODg,, of cell
culture. The enzyme activity was determined with the culture
supernatants.

E% =7gste] 28 o cellulase®} xylanase S-S
NS B9 Aoz =459 chMiller ef al, 1960).
Cellulase X % 3AZY YA o 7 ANH S Bl vjekl e
13,000 rpmol|A 104 &< AR S & F5dnt 34
sk o2 A 250 ul®t 0.5% CMC 500 ul, 200 mM
phosphate buffer (pH 7 0) 250 ulE &3k 100°CellA
10% F<t BhAIZ] 3 600 nmollA 3 =S =33l
unitZ YERNRITE. Xylanase €42 CMC th4lel xylan
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