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Isolation and Characterization of Thermophilic Bacillus
licheniformis YJ09 from Spent Mushroom (Pleurotus ostreatus)

Substrates

Hye Soo Kim, Chul Hwan Kim, and Soo Jeong Cho*

Dept. of Pharmaceutical Engineering, Gyeongnam National University of Science and Technology, Jinju, 660-758, Korea

ABSTRACT: In order to isolate thermophilic bacteria with high activity of CMCase and xylanase, spent mushroom substrates was
collected from an oyster mushroom cultivation farm in Jinju, Gyeongnam, Korea. Among the isolates, one strain designated as
YJ09 was selected by agar diffusion method. The isolate YJ09 was identified as a member of Bacillus licheniformis based on
biochemical characteristics using Bacillus ID kit and MicroLog system. Comparative 16S rDNA sequence analysis showed that
isolate YJ09 formed a distinct phylogenetic tree within the genus Bacillus and was most closely related to Bacillus licheniformis
with sequence similarity of 98.9%. Based on its physiological properties, biochemical characteristics and phylogenetic
distinctiveness, the isolate YJ09 was classified as Bacillus licheniformis. The CMCase and xylanase activity of B. licheniformis Y)09
was slightly increased corresponding to the bacterial population from exponential phase to stationary phase in the growth curve

of B. licheniformis Y)09.

KEYWORDS: Bacillus licheniformis YJ09, CMCase, Spent mushroom substrates, Thermophilic bacteria, Xylanase

2 evdhe 255 €Y (well-being)=3}He] 74
Zko g 717 o] tigh AAle] FrkeA 218wk &
HI7F 7kt ok, 3197 s ok S8t s

=
AR A A2 ALES Ak Skl
segele] TYe Aol 7 £ AR

_:L i

J. Mushrooms 2016 December, 14(4):244-248
http://dx.doi.org/10.14480/JM.2016.14.4.244

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

December 5, 2016
December 9, 2016
December 19, 2016

Received
Revised
Accepted

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.

244

Yol 2y I STl wE AT BEE W4
ab7] Sl Aol £2 AES 5T, SRS T
AR 5 A SHE HT =R R0l BEs o
Att. speh g9} FoFe] 717 AR ESF] AMdsHE
RFopde} F71d 3 Aake) Ao 4 5 {2l 2T
AFoh AstrE 0 FAIE oF7|skL B E R
dst7] 913 =5e] detow frle 9
U Aggste Adedd
s

HZ o0
=

=i
=

o)
AR

-&l—%ko]

al
RS W opjeh WA FARA 7L 2
BYEA 2 A #AE Sol AEe) Q)
Fol DAY AN02 ABLD & Y H718o)

o
o} (Williams et al, 2001; Shin and Cho, 2011). WA+



245 s - AEE - 24

FHiA = Al St A Ao whet ohFstA| v o
i FW FEo] Fdsel YRkHo®R Fun 3E
o= el gHr3lE2l cellulose, hemicellulose, lignin
5ol ol gHpelo] Qo AR THAE HHI2 ol
371 fleid e el 22E 2ElE ¢ = CMCase
o} xylanase i-H] 50| ¢ A2/ vl ES] sldo] -
A= ook gt}

7128 HHlstell #Ast= wAEZ= Bacillus sp.,
Clostridium sp., Pseudomonas sp., Cellulomonas sp.,
Xanthomonas sp., Pectobacterium carotovorum, Streptomyces,
Thermomonospora, Tricoderma 5°] RIL%o] T}, ©
ZANM = Bacillus 42 cellulase, xylanase, pectinase 5
o] okt BAE sty HEElY EEE e
AL etk olg}(Lee and Choi, 2006; Kim et al, 1995;
Kim et al, 2004) 25 A8t L2olM= & AL
AL AEH] E=rh= Fo] ATh(Schallmey et al, 2004).

2 AT /718 FEel =2 e FE5ulA]
o] Fu|glel| D83t 5 /AT HHO=E AFRIE A
o] Lete] Al AT ST ZRE S
Ll aAE BHlete A4 45 TSt wEY
S48 2SI,

—

SE7 0jMge] 23|

et iR $Hsh= #F F CMCase$t
xylanase &/g0] 38 #F5 EEls7] st WF <l
< A9 e AulEriERE gy 2417 oJule]
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T FFE S A 1 g& gl 10°22 34
Sk & trypticase soy agar(TSA, BD Difco, Franklin
Lakes, USA) #jA|ol] =28t Ths 55°CollA] 48417k &<t v
st st el T 7R E4AE WH|shke
o+ carboxy methyl cellulose(CMC, Sigma-Aldrich,
St. Louis, MO, USA) E=+= xylan(Xylan from oat spelts,
Sigma-Aldrich, St. Louis, MO, USA)°| z}z} 7122
7HEl TSA iAol A g1ttt CMCase #1150 $-5
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2 5+-8-(Polymerase Chain Reaction)2 G835l 42 2HE
% 1.5 kbell slFshk= ©HS PCR purification kit(Qiagen,
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9 Aoz =3 Miller et al, 1960). CMCase
e AR Ao AFHG et NS 13,000
pmolA 103 B9t FAEE e & A5 353 o
’Fe M 250 ule} 0.5% CMC 500 ul, 200 mM phosphate
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g3l 43192 Bacillus 1D kitZ2 243 A3} H2
2 B. licheniformis$t 96.82%2] probabilityS LERY
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Fig. 1. CMCase (A) and xylanase (B) activity of the isolate
YJ09 by agar diffusion method. The isolate YJ09 grown on
TSA medium containing CMC with trypan blue and xylan as
substrates. The plate was incubated at 55°C for 48 hr. a:
Escherichia coli as a negative control, b: isolate YJ09.

A MicroLog systemol|] 2§ EAAFNME= B
licheniformis$t frAFeE Astebd §48 YeRUTE.
Bacillus 1D kit®} MicroLog system®] €]+ &2+ YJ09
o] AslelzRl 54 3 Table 13 7+o] Dextrin,
D-fructose, Gentiobiose, D-glucose, Maltose, Mannan,
D-manitol, 3-methylglucose, P-psicose, Sucrose, D-
trehalose, pyruvic acid 5ol sl g2 B
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7H 7R S8 HEMISH

et YJ092] Ae]A-Astels 5492 16S rDNA
7IME 48 B8 AT FdBAE Toet 28
@ YJ09= Bacillus licheniformis YJ09Z &7 = 1T}
Schifer(2005) 52 Xa1oll ©|$WH Bacillus licheniformis
= 50°ColA & AL]3HH protease?} amylase 59 G4
£ BHlste] AR o2 F83 rAE Aot mEbA
BT YI09E Thde 45 oy Eujsiy ZAs 3
date] Ao E AET F 7] wiie FHskE X
S -85 PAE Ao o] 8E 4 9l Aot}

o] Ago] mah A wAE FFE 0.5%
CMC H+= xylano] 7}z 7|42 H7Fe TSB wiA|¢l] &
S JET o 48417 Bt wigataA 3417 7H
o2 AHT g o] A543 DNS gl FE

2
2 2 o]
F3le] =43 CMCase}t xylanase &2 A#AAIS

=

Table 1. Phenotypic characteristics of isolate YJ09
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Characteristics Reaction  Characteristics ~ Reaction
Morphology m-inositol -
Shape Rod Inulin -
Gram stain + D-lactose -
Cell dimension (?) 0.4x0.8-1 Lactulose -
Flagellation >1 Maltose +
Swarmir;gg:rn soft TS + Maltotriose w
Endospore formation + Mannan +
Physiologi_cal proper- D-manitol N
ties
Anaerobic growth w D-mannose w
Aerobic growth + D-melezitose -
Growth at D-melibiose -
10°C i Methyl—a.—D— galac- i
toside
20°C w Methyl- ﬁ.-D-galac- i
toside
30°C + 3-methylglucose +
40°C N Methyl-(fl-D-gluco-
side
50°C . Methyl—[.S—D—gluco— i
side
60°C N Methyl—a.—D—man-
noside
Growth in NaCl Palatinose w
5% + D-psicose +
10% - D-raffinose w
15% - L-raffinose -
Biochemical character- .
istics D-ribose w
Oxidase activity + D-salicin -
Catalase activity + Sedoheptulosan -
Urease activity - D-sorbitol w
Voges-Proskauer test - Stachyose -
Indol production - Sucrose +
Hydrolysis of Tagatose -
Casein - D-trehalose +
Gelatin + Turanose w
Starch + Xylitol
Carbohydrates D-xylose w
N-acethyl-D-glucos- w Carboxylic acids

amin

N-acethyl-D-man-
nosamine

Amygdalin

Acetic acid

N-acethyl-L-
gutamic acid




247 A5 - DA - 254
Table 1. Continued
Characteristics Reaction  Characteristics ~ Reaction
N-acethyl-L-
Amygdalin - ace. 4 . -
gutamic acid
L-arabinose - a—hydrO).(ybutyrlc
acid
Arabitol ) ﬁ-hydroy.(ybutync
acid
Arbutin i y—hydrO).(ybutyrlc i
acid
Cellobiose + p—hydr?xypbenyl
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

|— Bacillus megaterium NBRC2011

Bacillus amyloliquefaciens DSM7
Bacillus subtilis subsp. subtilis
Bacillus vietnamensis WGS

Bacillus shackletonii LMG 18435

Isolate YJO9

r[ Bacillus licheniformis ATCC 14580

Bacillus amyloliquefaciens KM0112

Fig. 2. Phylogenetic relationships of the isolate YJ09 and
other closely related bacteria based on the partial 16S rDNA
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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Fig. 3. Growth and enzyme production of Bacillus
licheniformis YJ09. B. licheniformis YJ09 was growth in TSB
medium with 0.5% CMC (+) or xylan (-« ) at 55°C for 48
hr. The cell growth (-»-) was determined by measuring
ODy, of cell culture. The enzyme activity was determined
with the culture supernatants.
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