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ABSTRACT : Spent mushroom substrates (SMS) is a by-product remaining after a crop of mushrooms. About four surfactin-
producing strains were isolated from SMS (Pleurotus eryngii). Among of them, one isolate, which designated to YJ07, potentially
showed the antifungal activity against Aspergillus flavus and Aspergillus ochraceous producing mycotoxin on PDA medium. The
biochemical characteristics of the strain YJ07 was similar with Bacillus subtilis and Bacillus amyloliquefaciens by Bacillus ID kit
and VITEK 2 system. Comparative 16S rDNA gene sequence analysis of the strain YJ07 also showed that the strain YJ07 was most
closely related to Bacillus amyloliquefaciens with sequence similarity of 99.5%. On the basis of their biochemical characteristics
and phylogenetic distinctiveness, the strain YJ07 was classified within the genus Bacillus as Bacillus amyloliquefaciens YJO07. The
antifungal compound from B. amyloliquefaciens YJ07 was similar to lipopeptide surfactin from Bacillus subtilis by TLC and HPLC

analysis.
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Table 1. Antifungal activity of isolates from spent mushroom substrates against Aspergillus flavus and Aspergillus ochraceous

Isolates®
Test strains®
YJo?2 YJOo4 YJO7 Yd11
Asp. flavus —c + ++ +
ASp. ochraceous + + + +

aCultured on PDA medium at 30°C for 2 days.
°Cultured on TSB medium at 50°C for 24 hours.
°Inhibitory zone diameter y20mm, ++ 10-20 mm, +; {10 mm, —.
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Fig. 1. Transmission electron micrograph of the isolate YJO7.
Exponentially growing culture was observed by negative stain
with 1% phosphotungstic acid. Scale bar, 1.4 um.
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Table 2. Physiological and Biochemical characteristics of strain YJO7

Characteristics Reaction Characteristics Reaction
Arabinose - Cyclodextrin -
Sucrose + D—galactose +
Adonitol - Glycogen -
Methyl-D—glucoside + Myo—inositol -
Indole - Methyl-A-D—glucopyranoside acidification +
Citrate - Ellman -
Cellobiose + Methyl-D—xyloside +
Salicin + a —mannosidase -
Trehalose + Maltotriose -
ONPG + Glycine arylamidase -
VP - D—mannitol +
Inositol - D—-mannose -
Raffinose + D—-melezitose -
Sorbitol + N—-acetyl-d—glucosamine -
Xylose + Palatinose -)
Methyl-D—mannoside - L-rhamnose -
Melizitose - B —glucosidase +
Arginine £ —mannosidase -
Nitrate Phosphory!l choline -
B —xylosidase + Pyruvate (+)
L-lysine—arylamidase - a —glucosidase -
L—aspartatearyl amidase - D-tagatose -
Leucine—arylamidase + D—trehalose +
Phenylalanine arylamidase + Inulin -
L—proline arylamidase + D-glucose +
B —galactosidase - D-ribose -
L—pyrrolydonyl-arylamidase + Putrescine assimilation -
a —Qalactosidase - Kanamycin resistance -
Alanine arylamidase (=) Oleandomycin resistance -
Tyrosine arylamidase + Esculin hydrolysis +
B —N-acetyl-glucosaminidase - Tetrazolium red -
Ala—phe-pro arylamidase + Polymixin B resistance -

+, positive reaction; —, negative reaction; (+), (-), weak.

Table 22} 0] sucrose, methyl-D—glucoside, cellobiose,
salicin, trehalose, ONPG, raffinose, sorbitol, xylose,
arginine, nitrate, B—xylosidase, leucine—arylamidase,
phenylalanine arylamidase, L-proline arylamidase,

L—pyrrolydonyl—arylamidase, tyrosine arylamidase,
ala—phe—pro arylamidase, D—galactose, methyl-A-D—
glucopyranoside acidification, methyl-D—xyloside, D-

mannitol, 3—glucosidase, D—trehalose, D—glucose, esculin

hydrolysis -l thall A+ S92 X 8 21 kanamycin,
oleandomycin, polymixin B 52| @Al thsliAl= 7=
& YebH ATt

et Y079 ASsH [fAUAE AR fIst
o] 16S rDNA F71AES E4gt A3} el Y072 B.
amyloliquefaciens®} 99.5% 2] As/d-& UEUIgl o B
< YJO79] 16S rDNA H7|A Foll AT Alg e w2t
YJ072] 16S rDNA & 7] A 41} GeneBankoll 524 w55




184 JOURNAL OF MUSHROOM SCIENCE AND PRODUCTION 9 (4) 2011

0.005

Bacillus subtilis MP17 (JN644613)
a2

Bacillus subtilis ZT-1-1 (GQ199598)

Bacillus p (AY149473)

75 |— Bacillus subtilis ZJ06 (EU266071)

L Bacillus subtilis B006 (EU257432)
Bacillus amylofiquefaciens H102 (HQ407277)
Bacillus amyloliquefaciens IMAUB0202 (GU125620)

E
Bacillus amyloliquefaciens CTSP13 (EU855195)

Bacillus sp. AEPR21 (JN8174971)

Bacillus amyloliquefaciens SB 3282 (GU191912)

Strain YJOT

Fig 2. Phylogenetic relationships of the isolate YJO7 and other closely
related bacteriabased onthe partial 16S rDNA gene sequence.
The branching pattern was generated by the neighbor—joing
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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methanol(6/4)E A7/|Euj2 AR-5Fo] 10% H,S0,0.%2
sl o £33 H3lt 10% HoSO oA &34
O 2 WAE = et Y074 2egt et o] REA|
L 0.700]9) 29 reference 22l surfactin®] RfZ|=
0.68°131t}. Zelat WOToIA Z2|et Fet=d ] RS2}
reference =2¢! surfactin® Rf2|7} GARIcH= & &
oI5t & TLCOA Q] AT}E AR (18 reverse columns
o]-&-5Fo] HPLC 4] (Fig. 3y ~33}3ith. HPLC 24 2
I} surfactine 10.120%5, 12.4725, 16.892%, 19.584%
o)A peak7} Wb o™ et YIOTOIA 2Rt FatE
218 11,3235, 14.129%, 19.358%, 21.342%5, 26.352%,

Fig. 3. HPLC chromatogram of surfactin standard purchased from
Sigma(A) and compound obtained in this work(B). Eluent
solvent: 3.8 mM trifluoroacetic acid/acetonitrile=1/3, Flow
rate:1 mi/min., Absorbance: 215 nm.
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