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ABSTRACT : A Gram-negative bacterium was isolated from mushroom media that markedly reduces the level of extracellular
toxins (i.e., tolaasins) produced by Pseudomonas tolaasii, the most destructive pathogen of cultivated mushrooms. The HC1 strain
was selected as detoxifying tolaasin by bioassay on potato and it was identified Pseudomonas sp. by the cultural, morphological
and physiological characteristics, and analysis of the 16S rRNA.. The isolated bacterium is saprophytic but not parasitic nor
pathogenic to cultivation mushroom. The isolated bacterium for P tolaasii cell, was sufficient for detoxification in vitro. Inoculation
of the isolated bacterium prevents the development of bacterial disease in Pleurotus ostreatus, Flammunia velutipes and Agaricus
bisporus. Control efficacy of brown blotch of strain HC1 treatment was 69, 68 and 55% on Agaricus bisporus, Flammulina
velutipes and Pleurotus ostreatus, respectively. The suppressive bacterium may be useful in future for the development of
biocontrol system and the construction of genetically modified edible fungi resistant to the disease caused by P tolaasii.
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M = 3L (Wells et al., 1996; Wong et al., 1982; Young, 1970),
o|9|ol| % P, fluorescens bv.2} B P reactans % 7+
WAl S o 7= AT S ZE Pseudomonas tolaasii, < HHAAAR] oY F9 Aldte] FAse Fo= dEA]

P agarici, P. gingeri 12131 3 P reactans 5] KA1 ATH(Wells et al, 1996; Goor et al., 1986; Wong et al.,
1982). Q1FAH] WAl Es AlFdargEe g
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1996; Goor et al., 1986). ZL&]aL WAl 9lojX= P tolaa-
i) ©J5 ZHAIEY] ZARS P gingerio] )3 WAEE @
< 2 (yellow-brown)©] ¥FHHQI ginger blotch disease
o} AR 5448 ZE=Th(Cutri et al., 1984; Wong et al.,
1982). o] B W AL of|ZFo] vl o], ) WY 5
o= A7t A9l B7FsabH, i dAlshd Aajal A
2 w48 AgHo] A3 Afelle HAle H8 et
A 33 sh= 52de] TH(Kim et al,, 1994). 53] WA
o] LT 169 5%, 80~90%1A ole} 22 WATFE
< 743 A oA oRlF} 22 Alx e 545 FA)
of Al 2t F9loll AAFES FEAIIT (Nair and
Fahy, 1972). ZAFHHe F2 B4 8o TAsA|
S B2 2ol A she 7IRE Foll = AR

P tolaasii= tolaasin®]|th= =4S AYAKSte] A HEo
2 EHsl=1), tolaasine o) =2 187012 FAH EXFF
1,985 Da9] lipodepsipeptide=, N-Z&o] B-hydoxyocta-
noic acid®} acylation®o] 1.0, C- 2] lysine> 14
9] threonine} lactone2 FAIst] SAATHES st
= 22 AR o] B8 A T (Nutkins et al., 1991; Jour-
dan et al, 2003). ©] E4= BIA Alxde] FYE o] o]&
T2 347 24olF B olof i AE] AHRESke] ek
= T8 AlEEe] 93, 249 i o] HEE Tl
ZNREHS JoF|= AoZ dHA O (Brodey et
al., 1991; Rainey et al., 1991; Cho and Kim, 2003) P. fo-
laasii7} WS do7|=d 2R3 7P T3 HUd 24
A2 BIEATH( Brodey et al, 1991; Nair and Fahy,
1973; Rainey et al., 1991).

wehA] B At Blito] FH]SkE 54 (tolaasin) S A
sto] o] AS eAlslar WAl Wefle] &2 WA
£ 93 5445 nAES s, g B 545 &

Al
Mz 2

o|dE 22|

&8 PAES EElshr] ffal AulEe] =ERiHAl =
Hrl x|} oFFo] EHIE w7 3584 AF st A3l Ak
3513}, v AE2] Eel= R2AHA] (Reasoner and Geld-
reich, 1985)°]] GAEE 3]4 w3t 50~60712] colony
5 A3 plateZHEH FHZHO=Z FEsiAth. o &
Sk HAE2 R2AHIA|OA] 2 BRI & HAE B
o}A 20%(v/v) EEIAIE §Holl Hof 70°Ceoll HESPHA
e Al7E A3tk

SAXHZ M

Tolaasin®] #-2]= P tolaasii 5= PSHIA| (Ca(NO,), -
4H,0 0.5g, NaH,PO, - 12H,0 2g, peptone 5g, sucrose
15 g, 300 g potato tube slice (pH 7.0)/1 1)l & F 24°C

=

o] 2714 48417 FF & vt L 5 Al
HjFS 100°Ce] Eoll 108 B9 S ¥ 8,000 rpm
(10,000xg)°NA] 3047F A4liglsted] Feds 54 1=
AlA tolaasin A/ 52 AFE-3}A T} (Shirata et al., 1995). 4
Asflrre] A S A7EH tolaasin powderE 30%(w/v)
2 sl B9 vEY 1R Tdst ARz 9
o 50 uA HF3tA 25°C F7]ol BAsIHA A=
£ ALt FAaAE) TS AAESHATH Murata and Magae,
1996; Tsukamoto et al., 1998).

HgFo| RN HIIMLe| AH

DNAE Quiagen Genomic DNA Isolation Kit(Quiagen,
USA)S AREste] B8319al, PCR ZZ-& Techne ther-
mocycler(Techne LTD, Duxford, Cambridge, UK.)= I
3319}, PCR HF-E3HME 1xbuffer (10 mM Tris-HCl
pH 9.0, 50 mM KCI, 2.5 mM MgCl, 0.01% gelatin and
0.1% Triton X-100), FZ5% 200 um-‘l] deoxyribonucle-
otide triphosphates(dATP, dCTP, dTTP), 0.6 U Taqg DNA
polymerase(Molecular Biochemicals, Mt Wellington, Auck-
land, New Zealand), HE&% 2 ume] A, I3k pri-
mers [fD1(5-AGAGTTTGATCCTGGCTCAG-3)¢} rP2
(5-ACGGCTACCTTGTT ACGACTT-3")] 8|3l 10 ng
template DNAZ ©]F{F T}, PCR 94°CollA] 13, 56°C
oA 13 1]ar 72°CollA] 237t 30cycles= T3SIAAL,
HhE- % primer®} ANTP= High Pure PCR Product Puri-
fication Kit(Bioneer Co., Chungbuk, Korea)S Al8-5}]
PCR AF=25E AASTH A€ PCR AH=2 pT7
blue Vector(Novagen Co., Madison, WI, UsA)dl 224
3t Big Dye Terminator Kit®} ABI Prism 310 Genetic
Analyzer(Perkin Elmer, New Jersey, USA)E AS31e] &
7188 AA3IATE. 23T 16S rRNA F3xF2] 714
&8 GenBank Database®l| 55319t} & fAMd A4S
#1383l Clustral W #2322 7138 (Thompson et al., 1994)<
ARSI GenBankdll = HHE Q71X EEF BlaLstSlt.
Jukes9} Cantor(1969) ¥H-S ©]-83}4 evolutionary dis-
tance matrixE 2/J3k3L, MEGA 42] Neighbor-joining %
He o83l AleTE 2o, treed] S
1000 RHE-2] bootstrap w4102 ZAFSIT

Myrgol M2| - sl 54

A el SR B4 247 915l
7121l Z] (Stanier et al., 1966)°) TFFsE 572 e}
A, F7PE 52 01%(wiw) R Z7tet] AR EE &=
Abstaiom, 5714 0= API 20E, API 20NE, 50CH 71E
(BioMerieus, Marcy T'Etoile, France)E AMS-3I3L, Ber-
gey’s Manual of Systematic Bacteriology (Palleroni, 1984)
of F3lo] A= sisint.
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Fig. 1. Screening of tolaasin-inhibition bacteria on potato slices. Potato slices were treated with the mixture of bacterial
suspension and the extracted tolaasins. No coloration of potato slice indicates that the bacteria or bacterial products inhibit

browning by tolaasin activity.

Fatty Acid Methyl Esters2| £4

AzEe] AL 240l o R8-S AHol wet of
50 mg®| TAZHE APLhE 551 (Sasser, 1990) fatty
acid methyl esters(FAMEs) &2 2.2 4~3)5}%{t}. FAMEs
profile 25 mm x 0.2 mm<] methyl phenyl silicone fused
silica capillary columnS ARSI MIDI Hewlett-Packard
Microbial Identification System(MIDI Inc., Newark, DE,
USA) softwares 71% wlo|a 2 X2 A A5 A8 Gas
Chromatography(HP 5890A, Avondale, Pa)= F 255}

Mol ZMPL Y Mg AN
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Pseudomonas citronellolisDSM50332T

Pseudomonas delhiensisDQ339153

Pseudomonas knackmussiiB13
Pseudomonas panipatensisEF424401

Pseudomonas nitroreducens AM088473

Pseudomonas otitidlis AY953147
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Fig. 2. Phylogenetic tree of HC1 based on 16S rRNA sequence similarity. Branching values determined using 1000 bootstraps.

Bar, 1 substitution per 100 nucleotides.
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Table 1. Phenotypic and biochemical characteristics of strain of Pseudomonas sp. HC1 and type strains of related Pseudomonas
species

Characteristic HC1 P otitidis P aeruginosa P, citronellolis P. stutzeri
MCC 10330T ATCCa 10145T ATCC 13674T ATCC 17588T
Fluoroscein production +b -c + + -
Growth at:
e - ; ; ] N
7°C + - + - +
47°C - - - - -
urease + - d - -
Hydrolysis of:
gelatin + + + - _
Growth on NaCl agar:
4% (w/v) + + + + +
5% (w/v) + - d - +
Utilization of:
N-Acetyl-D-glucosamine - - + - _
D-Arabitol - - d - .
Glycerol + - + + +
D-Mannitol - - + - +
D-Sorbitol + - - ; d
D-Fructose + - + - +
L-Fucose d - - d
D-Galactose - - + - -
Gentiobiose - - - - d
Maltose - - - - +
Sucrose - - - - d
D-Trehalose + - - d d
D-Xylose - - - + -
D-Galacturonic acid + - + + +
D-Glucuronic acid d - - - +
Clucuronamide - - - - +
L-Arginine + + + -
L-Histidine + + + d
L-Isoleucine - + - - -
L-Leucine - + d + +
L-Ornithine + + + + B
L-Phenylalanine + - - d -
D-Serine d - d - R
L-Serine + + + + d
B-Phenylethylamine + + - - _
Cytosine - . + +
y-Aminobutyric acid + + + +
Acetic acid - - + + +

a, Korean Agricultural Culture Collection; b, positive; ¢, negative; d, variable result.
T, Type strain of each subspecies.
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=48 Asie MRS olgsle] Mol WS ojAsla
A} AR AT Beito] Bulshs Sl o) A

ol

1S Jelle eSS Auslr)$iste] WA= FE
oF 3,500 72 HIAE-S Eelsle] ASIHEE ARSI
S5AA] Ake R} 27 919 F4 (tolaasin) 9} 2]
TS g3t vlEE T8t HES T 248]7b0] At &
o] 2] Aol wet A sttt A% 2
7} gite] £ vAES A=t oAU A §L
AATE 2l HC1 57} =2 2 3793 7ol Y
218 HolA| o} ErAsFo s MuEltt(Fig. 1). P
tolaasiioll 3l 2&H-& 7= vIMEZE P fluorescens
7} B 3150} 9101 (Nair and Fahy, 1972), Sl = 2
Gu|AYEZ P fluorescens’} H1E]o] UR|F, 2135101 A
gt A BAE 7|dsh] ofgar, ¥ B $o] X8 &
7} vl vkom $H7 o] kS wo] §by] wjFe] 2] &
I} Qe e A @ 59 drlos AEsekow
283X = B3l Q= A TH(Park et al., 1992).

o

E4X3lZ HC1 YHI MY 2Y

BT P tolaasiioll Wi Z2Aslit HC1 TS 168
rDNA®| PCR 5| 2J8l] oF 1.5 kbo] FAE =315
o, I A7IMES A8 ©] F71M<ES Riboso-
mal database projects ©]-8-3t EFTT2} FE/dE H
L A}, 1 A} Pseudomonas otitidisSF 94% AF
JE HH O, Pseudomonas aeruginosa®h= 93%2] Ak
dS& BAT} 18 Neighbor Joining'dH-S 0183 14
IS A% Ay} Aslst HCI= P otitidisSt P aerugi-
nosa®h= e A28 152 F/A335Hth(Fig. 2).

SaXal? HC12| SMZAL

Asld HC12] 52 7°Coll A 7ol 7hsslaiARt 4°C
oF 47°CollX= A3t BSth. Ureases ©]8313aL,
gelating HSPA 2™, 4% NaCl# 5% NaClollx] A7l
7Fs3sdtt. 1Al o] 2 glycerol, D-sorbitol, D-fruc-

SR - AR - AT - BAY - AR -

g - Ak

tose, L-fucose, D-trehalose, D-galacturonic acid, D-glucu-
ronic acid, L-arginine, L-histidine, L-ornithine, L-pheny-
lalanine, D-serine, L-serine, ZI2]31 B-phenylethylamine &
I} -2 G} AhE o]83HATE. 18]} N-Acetyl-D-gluco-
samine, D-arabitol, D-mannitol, D-galactose, Sucrose, D-
xylose, gentiobiose, maltose, clucuronamide, L-isoleucine,
L-leucine, cytosine “12]1L acetic acid 5= ©|-8-3}A] &3
T(Table 1). #7F4Q1 S4dFAR= API 20E, 20NE 12|31
50CH 7|EZS A3t S4As ol th3l fatty acid]
TJ7dE-2 Table 2004 UERARITE. A Apgak ol 4]
FRAE-L Sum In Feature 8(18:1 w7), Summed Fea-
ture 8(18:1 w6c) RIL, - 2 16:1 wsc?] fatty acid’}
EAEIATE. FAME #2494 fFARE7} 0.942 P aeru-
ginosa® FZE o}, A2 ysteh 5443 165 rDNA
o] FAAAE FH3 B P aeruginosat T S
B}, Tsukamoto 5 (2002)°] S4 (tolaasin)E #]3lsl=
vXEZ Mycetocola, Acinetobacter, Bacillus, Pedobacter,
Sphinogobactgerium “5°] i8] SZH A= Hiok= o
€ o] EHET. mEb Fi(tolaasin)E Asish=
Pseudomonas ol gt Be $HS flsire tS Al
3 A7 e g Ao s AzkEy.

EAXsHE HC12| ZAMPL|Y aix| St

el WA MRS HES Foll HC1S
2213 A3} FA Tl = 93.8%2] o8-S HAA|T
HCIAZ|l A= 42.8%2] o]HE&-S Ko 55%2] WA a7}
AR oAM= FA2IE]ol X 56.3%2] oEES B
AL, HC1AH MM 16.8%2] o|HE-S 2] 70%2] WA
S Btk 1E)a Yo HAleA = Fxi]ollx] 89.8%
o] o]HL-S BT, HCIHFNAE 29.3%2] o]HELS K.
o] 68%2] WAIEAT} AT o] AF=E HCITF+=
Al AT EE Jo71e A BE Al =& WA
37} e o2 AAHETH(Table 3, Fig. 3). P tolaasiit
o] &S AAI3h= 713l tigt A= A ®Barxo] 9l

Table 2. Fatty acid profile of strain of Pseudomonas sp. HC1 by MIDI system

Fatty acid HC1 Fatty acid HC1

10:0 0.24 16:0 22.71

10:0 3-OH 3.44 17:1 w8c 0.18

12:0 3.36 17:0 cyclo 0.89

12:0 2-OH 3.56 17:0 0.08

12:1 3-OH 0.18 Sum In Feature 8 (18:1 w7) 42.40

12:0 3-OH 3.84 18:0 0.51

14:0 0.70 19:0 cyclo w8c 1.04

Sum in Feature 3 (16:1 w7¢/16:1 w6c) 12.35 Summed Feature 3 (16:1 w6c/16:1 w7¢) 16.79
Sum in Feature 3 (16:1 w7¢/16:1 w7c) 4.44 Summed Feature 8 (18:1 wéc) 42.40

16:1 w5c 0.08




Table 3. Control efficacy of brown blotch disease on different
mushrooms by Pseudomonas sp. HC1 strain

Disease Occur- Control value

Mushrooms Treatments rence (%) %)
Pleurotus Non 93.8 s
ostreatus HC1 2.8
Agaricus Non 56.3 o

bisporus HC1 16.8

Flammulina Non 89.8 "

velutipes HC1 293

Fig. 3. Effect of spraying of Pseudomonas sp. HC1 suspension
on brown blotch disease development in Flammulina velutipes
(A), Pleurotus ostreatus (B) and Agaricus bisporus (C). Left:
Non, Right: HC1 treatment.

2| ¢kor, o] ol tidt WA= A2 gl= Aol
o}, TSk AR to] EHIShs 542 (tolaasin) &2
= Aste] i vitro AES 3 A=
R =0} QA9 (Tsukamoto et al., 1998; 2002) SAV7FA]
ATl tiak &2 AA|7} A aE o] AEsle
AL glom wetr] 80l Q15 7} glom <F
Al AgAo] YA o= AEHAA Q] 7o) AlF3)c)
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Pseudomonas tolaasiioll 23l A= Al Fo -2
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oA g e SRl tis) XE

el AR AP AU, XHHH%°1 E}auu
s} o] EulolA Al eFo] Ful

3= E4 (tolaasin)= 7F Z8HA SAls= UVJ?E HC1
£ usigon, el - ASsHY A3s 524 A9En
HC1w5= Pseudomonas sp.2 & 3= A0 A=A LS 9
St HAKSTT Pseudomonas sp. HC1-S 50], %o, =
elgjoll 22)3 23 242} 69%, 68%, 55%2] WA G W
Aok, wEbA Pseudomonas sp. HC10] WAL Alet- 2254
W HAE 28l FdEeks dAE 4 e 13E AR W
ArHol & 4= & Aoz A7kt

aMel =2

B Aqs F&X %% 71857374 (PJ0069262013)
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