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Cloning of a DNA Fragment Specific to Pseudomonas tolaasii
Causing Bacterial Brown Blotch Disease of
Oyster Mushroom (Pleurotus ostreatus)

Hyouk-Inm Lee and Jae-Soen Cha*
Department of Agricultural Biology, Chungbuk National University, Cheongju, 360-763, Korea

ABSTRACT : A DNA fragment which is involved in tolaasin preduction was cloned to obtain a molec-
ular marker of Pseudomonas tolaasii, a casual agent of bacterial brown blotch disease of oyster mush-
room (Pleurotus ostreatus). Tolaasin is a lipedepsipeptide toxin and known as a primary disease de-
terminant of the P. tolaasii. It is responsible for formation of white line in agar when P. folaasii were
cultured against white line reacting organisms (WLROs). White line negative mutants (WL ™) were gen-
erated by conjugation between rifampicin resistant strain of P. folaasii and E. coli carrying suicidal
plasmid pSUP2021::TnS5. The ability of tolaasin preduction of the WL~ mutants was examined by
hemolysis test, pathogenicity test, and high pressure liquid chromategraphy (HPLC) analysis of culture
filtrate. All of the WL~ mutants were lost the ability of tolaasin production (Tol™). Genomic library of
the Tol™ mutant was constructed in pLAFR3 and the cosmid clone containing Tn5 was selected. DNA
fragment from franking region of Tn5 was cloned from the plasmid and used as a probe in Seuthern
blot. DNA-DNA hybridization with the probe to total DNA frem group of bacteria ecologically similar
to P. tolaasii including WLROs, fluorescent Pseudomonads isolated from oyster mushroom, P. agarici, P.
gingeri, and some of other species of Psemdomonas showed that some of the tested bacteria do not have
any hybridized band and others have bands showing RFLP. The cloned DNA fragment or its nucleotide
sequence will be useful in detection and identification of the P. folaasii.

Key words: oyster mushroom, bacterial brown blotch, Pseudomonas tolaasii, tolaasin, specific DNA.
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B Alel yellow blotch(34F-HH; EIHF)S do7|=
HelAges Husle] 9Irk(3,32). o] F AT o]l
X Pseudomonas gingeri, Pseudomonas cepacia, Pseu-
domonas ‘reactans, Arthrobacter spp., ©1°7% Pseudom-
onasEo] WAl tlofdt HA ] AldHE dodle AL
2 484 9ok, 2,7, 23, 29, 30, 33).

P. tolaasii tolaasin®|2h= A EA42] lipodepsipe-
ptide®] F4E AAtsle] A go2 Fujsle, o] F4
£ thekst A A ET ) pored FA3 AEE 77
& 4 glo, oFfo|Al ZAFTHY ] A FoF
A AAAAZ B aE$ch(4,17,19). =3 tolaasin
2&ol tolaasin I, I T2} 34 Bsglon(16,
18), o= 49 Shirata Sl 93 87k to-
laasin&.2 A|E-=e] B =9 3(25,26), AW AEEY
Aol WA= 544l syringomycin?} syringotoxin
1% non-ribosomal enzyme complexell 23l A=<
A Aoletm LA H20,21). =3 o] E4E biosur-
factant 54-% 7183, P. tolaasiZ} WLROs(white line
reacting organisms) % Pseudomonas “reactans BHe
A7 Ald3} Pseudomonas Agar F(PAF) 33ull Ao
A iz wiekEllS o 3137 A1 (white line) 343l
o3l x, o] FA7H3A 7 (white line test)-> P. to-
laasiis wEA] TA= wHeoeg HauEr|e s
(20,31). 22} P. tolaasiiol e M HAS 7IAHA = &
AL JAsA| Bl 28] ATty R
o], =3 g7 9] Aol @2} tolaasinAAd S I o
2] 7}A] ¥Ae] FAlell uiH= Y WHo| A4 (pheno-
typic variation)e] A48}, o] WAL HAdAre] A=
o oj3) A== AR H3ESCH8-10, 14).

B oM A AldH ] 71 Fa3 B
A P. tolaasii®] 5013 & 2 A3t wE 54
ol ALE 5= 9l P. tolaasiiol 514 DNAS F293}
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%1214 tolaasin A4 FAAHE AHE-EAL St e, Al
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laasiiol) W&+ So0]4-& DNA-DNA hybridizations %
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wla)k3]A], A 144, A 2%, 1998

Al A8 AselA Fe whger &5 2elFe] A
4= AH15).

SIEIZIMSM A (White line test). P. tolaasii ==
ZAAs2A sl Ald3 WLROE Pseudomonas Agar
F(PAF; Bacto-tryptone 10 g, Bacto-proteose peptone
No. 3 10 g, dipotassium phosphate 1.5 g, magnesium
sulphate 1.5 g, glycerol 10 ml, agar 15 g per liter) 3
Faf R ¢l A <F 0.5~1.0 cm®] ZHH & 51 streakd ¥
25°Ce] g27]ell vjekA|Z|HA 24417 AR 15FY
Zr - gl A7) A FF-F A sk

B2 ZE(Rapid pitting test). U4 HAL &%
o9} efe]HAl o] AAAE o] 833t FFolE o))
T AR L FFolAe x2S Hed 2R FF 5
< vZFog ubstA Aehllo] petri dishete] 2342
A AR o EelFa, Mk EelATY A= (10°
~10° cells/ml) 10 wE WA Ao AHFska 20~25°C
9] 327lo FHA 2447 AL WAz wAlxA]

Table 1. Pseudomonads and white line reacting organisms
(WLROs) used in this study

Species Strain  Description Source

P. acidovorans 7185 ATCC11299a KCTC1638

P. agarici 7177  ATCC25%41

P. arvilla 7189 ATCC23973 KCTC1643

P. diminuta 7200 ATCC19146 KCTC2473

P. fluorescens 7181 ATCC12633 KCTC1751
7182 ATCC11250 KCTC1645

P. fragi 7195 ATCC27362 KCTC2345

P. gingeri pf®  Path’, ATCC51311 Wells et al(29)
pf31 Path’, ATCC51312 Wells et al(29)

P. maltophilia 7191 KCTC2437

P. ovalis 7193 ATCC8209 KCTC2349

P. pseudoacaligenes 7196 ATCCI12815 KCTC2347

P. putida 7188 ATCC17426 KCTC1639

P. stutzeri 7192 ATCC17588 KCTC1066

P. taetrolens 7187 ATCCA4683 KCTC1064

P. testosteroni 7186 ATCC11996 KCTC1772

P. tolaasii A WL' Path” Kim et al(14)
6041 WL’ Path This study
6096 WL' Path” This study
6372 ATCC33618
P3a  ATCC51309 Wells et al(29)
P29 Wells et al(29)
AR Spontaneous Rif This study

mutant of strain A
6041R Spontaneous Rif This study
mutant of strain 6041

WLROs 5023 Kim et al(14)

6679 ATCC14340 Wells et al(29)

D, Path®, ATCC51313  Wells et al(29)
H, Path™ Wells et al(29)
ATCC : American Type Culture Collection, KCTC: Korean Col-
lection for Type Cultures, WL : White line formation ability, Path:

Pathogenesity on button mushroom or oyster mushroom
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a2 A (Hemolytic activity test). A sla=}
e Ale] wljokeiziele] MY SHEAHL Fo A
T(RBC; red blood cel)E o]-43le] SA313ic). Ald
wjoFol s}l & AF-2 PAF brothellA] 48417H5<4t A&
8]2F(200 rpm, 25°C)F AlFEAIEZE Aot Foiat
(0.45 pm) 2 AA st FH3kdet. 25 mM CaClE 3
#&F Hepes buffered saline(HBS; 150 mM NaCl, 5
mM KCl, 5mM Hepes, 1 mM MgSO,, pH 7.4) 800
ulell A8 Ax) wjofoizpel-g zbzt 100 plE A7t
2 37°C 2ol 3087t FF 600 nmellA FE=
£ A3t ZAMSIAT

Tns EAH0IM RT. P. tolaasiid] AL marker®
AH8E7] $180A rifampicin® 34 (RifY) Apd-Fed o]
AE- 100 ug/ml2 rifampicine] -5 KB(King's me-
dium B; Bacto proteose peptone No. 3 20 g, dipotas-
sium phosphate 1.5 g, magnesium sulphate 1.5 g, gly-
cerol 10 ml, agar 15 g per liter) 3fulx) o) Ats}
R, A" P. folaasii F TF ARF} 6041R< Tnd &
Aol A F-xe ARl 50 pg/mle] kanamycin®]
3% Luria-Bertani(LB; Bacto-tryptone 10 g, yeast
extract 5g, NaCl 10 g, agar 15 g per liter) gl =xjoj
A 8EaE w1zl diA HB101(pSUP2021 2 : Tn5)
I KB 3wl z] oA 324t wioFA 7] P. tolaasii AR 3
< 6041R FFE 247 10~10° cells/ml®] F=& A%
21713z, o] ¥Ero-& NA(nutrient agar; Beef extract 3
g, Peptone 5 g, Yeast extract 2 g, Agar 15g per lit-
er) F ] el £ BFE membrane filter$l ol Z
7} 10 pl¥ Fol E3HAHA 28°CollA 3 ek ¥, 2}
7} 100 pg/mi®} 50 pg/mle] rifampicin® kanamycing
g X8 ell =sle] Tns7) AlE 358 Awkst
gk, AE Tns E9wWolAELS PAF wlx|ollA
WLRO #5¢} 33748 4874E S35t 3L
A5 E3te F5(WL)ES s

Tolaasin 22| 2 HPLC 2M. P. tolaasie} A=
WL~ Sl Al #5-9] wljofed 2ol © 2 BE] tolaasinS-
FZ3l3. HPLCE #A3te] 1 452 tolaasin A3
F& g3t} Tolaasin® #2} 2 A A= Shirata 5
(26)2] W& wsic}d. AAE E4= Waters®] HPLC
system(600 controller, 626 pump, 486 tunable absor -
bance detector)s ©]-838le] F-A3}Fg T}, protein-pak
60 column(7.8x300 mm)3} C8 Rp columng 2HEZ
Az} ARl , 9= 0.1% trifluoroacetic acid
£ 373 acetonitrile(40%~60%)E A-8-3191.2, to-

b ol
i o

laasin= 220 nmollA] detectiondhsdch.

Tolaasin M4 {RTX 2. Tolaasine PAd5HA]
b= Eddo] ¥(Tol?), 6009 ¥52 A4 DNAZ
H2}8le], Sambrook $(22)9) W22 pLAFR3| L
TF2) genomic librays 9531t} Genomic librays
MR RAAF FFEES 50 pg/ml kanamycin®] IFHH-F
LB gz o) 223l Tass 74 FFE AEsA
v} A= kanamycin X3 AT FFESE Fe)b
2P| =2 F2]8le] Tns 245 &3z, pToltn5et
wsled. o, pToltn52) physical map2 AAdstgict. =}
739 physical map S vlEk S & Tns71 AAYE F) 9l
= BamHI 2 9% pBluescript SKI(+)°l subclonings}
A3, pTollelel W3l ck(Fig. 2).

DNA-DNA hybridization. Ze}~w|z= 28] Kit(Qia-
gen, Hilden, Germany)E °]-§3l] pSUP2021::Tn
59} pToll& ¥e)stgict. pSUP2021:: Tn5% Hpal A
PELE Ao} agarose AlA A7)9E F 3.7kb
DNA-E Gene Clean II Kit(Bio Iol, Vista, CA, USA)E
Halato] Tn5ell MNE probeE AH&313iel. =3 pTol
1€ BamHISZ Awksio] 4H] DNAS 9j¢f 22 4
o2 38 F P tolaasiiol N SolAd s 4%
probe® AR&3iict. AlF o2 E 223 oF 46 pgol
DNAE Aagk A ass 43 Aebsisl agarose A
NA A713E % nylon membranes] blotA 721,
probe DNAS] labelling, hybridization, ZL2]3. detec-
tion< DIG DNA Labeling and Detection Kit(Boehr-
inger Manheim, Indianapolis, USA)<} ¥bg )| ule} <=
Pt

Zat o 1

Tns SOOI M. P. tolaasii AR % 6041R #5*
o} pSUP2021:: Tn5% 7141 eidz=e] Aol ofs)
Tns Sl A7l ¢Ee] o, Zhzke] Edwelds
WLRO #5-9} dix)uljokS Fa 3374 dA5HE &
dstdel. ARTFNA FAAE 2000702 Tns =43l
A 60 F57F 7S A EH 2 (WL,
6041RIA ®HEo12l 1500709 Tns SdHol AlF oA
e} F57F WL o2 A=|e, 330734 34353 o)
3 Sdwo] -8 0.2~0.3%% A= et

WL SdWe] Aol Tns7F A= VHE E137] 9
3 ARFFENE FE% 6719 Tns EQWo)AZ3¥
AA DNAS E83lo] Tnslol i (restriction
site)”} $l+= EcoR1= Tosulel 3 7o) Ad¥-91E 711
BawHILZ 247y Al 3 Tns59 Hpal DNARHE
probeZ3}] DNA-DNA hybridizations A A)s}sich.
EcoRISE AEl BE Tps Eodwold= 359 hy-
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bridization bandE 7}3 1L, BamHILZ A3t 739l
£ 5709 bandE 7} 9114 Tnse] Abdle] el
9em, BawmHISZ A3t blotel] “ebd hybridiza-
tion bandS<] t}3 A (polymorphism)ell &l 4712} o}
2 9o AslE EdHolAE AUSS o4 T AA
(Fig. 1).

WL- EQIHH0IHIO] BRIA. offo] WAL 7t
o]-4-3 WAXHA Az op¥y TF(AR)= WA %
Ao 2 HAA 7|5 22 ZA FEAT

T
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W, g
fdr i o

WA Zbel] Agg B3 AAT B4R AR S
ARE Jdet o] Az A7 ¥AdEHol WA
3 A )& LT, A B e A
Ao] tolaasin 4352 AL wkddt Aozt A4
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9.4
6.5~

Fig. 1. DNA-DNA hybridization of Tn5 mutants to confirm
Tn5 insertion. Total DNA from wild type strain (lane 1, 8)
and Tn5 mutants (lane 2~7, 9~14) of P. tolaasii was digested
with EcoRI (lane 1~7) and BamHI (lane 8~14), and the DNA
was hybridized with Hpal fragment of Tn5 as a probe.

Table 2. Characteristics of Tn5 Mutants of Pseudomonas to-
laasii

White Rapid Hemolysis Fluore-

Mutants line pitting test scence  Source
test test ~ (OD600) on KB

6007 - - 1.14+0.04 + AR
6008 - - 1.02+0.09 + AR
6009 - - 1.05+0.03 + AR
6010 - - 1.03£0.03 + AR
6130 - - 1.04%0.02 + 6041R
6131 - - 1.19£0.05 + AR
6132 - - 1.19+0.07 + AR
6134 - - 1.22%0.03 + 6041R
AR + +++ 0.251+0.04 + A
6041R + +++ 0.25+0.01 + 6041
control(PAF) 1.41+0.01

+++ : strong browning and pitting, + : positive, — : negative

< 9 tolaasin®] o] A2 7P F8F WA A
< 4 4 Ak

WL~ E0H0(XIQ| tolaasin MAsE. WL- =4
o] A19] tolaasin A & Eslr] $iste] S ol
A dF59] wikAAFRe] S$3GHE SA E A
ok A& P. tolaasii T5-2F WL SdH o] A 9| nljofod 7}l
2 37°CellM 30% A3 ¥ F4=E A AR,
WL Saddol A9 wofeiztaixe]el] osix= siA|S
o] &3} oo uls|A FBEY A=t ZA Wit
t}(Table 2). ol21dt WL EdwelAe] A+ 435
o] AFAL- o] 5 FdWo] Al 5o] tolaasinFAE A4 3
2] Z3H(Tol )& w5 lch.

P. tolaasii 6041RS] wvioFoizt) o 2 He] tolaasing
2, AAsle] HPLCZ 243 ¥ A3} Sirata 5(26)
o] ¥ w9} o] A3 Al 8709] tolaasin peaks°} “1e}
wom, Dr. ShirataZ%€ £ ¥ tolaasin & 54
g 27 oA BA)sked 1 retention times W3] £ A
3} 6041RTFF2) 417 peak”} tolaasin I3l A& viet
e} (Fig. 2B). 22t WL Eelo]A] 6130d5-=4H
23 £39] HPLC #4lolM & oAy dollA et
I 8709) tolaasin peak®E tHAl 2709 peak”} vebch.
Eddo]d B vehd olE 270¢] peake kA H
FF2 B8 vepd 871 peak 1= AFAE re-
tention timeo] Yx|3}kA] e¥gkch(Fig. 2C).

WL EadelAl 6130772 £l & 79 to-
laasin peak’} ¢loiA & WAl 2E peak’} @izl AL
zZ¥z}e) tolaasine] A2kl 2] coding= ol wHEA A=
peptide”} ©} 3L non-ribosomal enzyme complex2| 3l
FA "k A SakAlE (20, 21), wheba S
oo} 2]+ non-ribosomal enzyme complex®] 7]%54A
o] BE ZF79 tolaasin® Aol <=l AFHE 7HA sk
th Az}, Edwol ] woFei Tl & oA e}
Wt 2709] peake L AHAIZ} o EARIA] doE AE
3] Bolo} & Ao|tt.

Tolaasin 444 REA S2Y. Tolaasing A3
25t= S o)A (Tol ) ZHE tolaasin Aol He] &
Aoz A7EE Tns A 74 DNAS 224317] 4
3led Tol” 75 60092 A DNAE #2]3lx pLAFR
39l genomic library s ®HE31ch. ©] genomic library
7zt 2% 712 HAFSE kanamycin 34 55 A
uhslglony, o FFEHE |8 FgAav|=r) Tnss
AT 9l AL &g 3 1 ZekAv| =8 pToltn5s}
wuisigdch 2 7HX] AFEALZ pToltn5¥ physical
map2 233 A3 pToltn5E Tn5E Z33te] 2F 16.9
kb?] insert DNAE 7} 91ieh(Fig. 3). o] Eetvl
=2¥%e Tnse 8%l v °F 2.4kbe] BamHI
DNA =3-& pBluescript SKII(+)o] F&833}s
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(pToll), ©] DNA H#H-g P. tolaasiiol N Hol35 &
2l8}7] $1%+ DNA-DNA hybridization®ll4] probe® A}
S3tgdrt.

SE&E DNAQ| P. tolaasii(il CHEH S0I4. pTollel

Abs. (220nm)

Abs.(220nm)

=
Q

Abs. (220nm)
o
&

0 10 20 ‘30
Retention Time(min.)
Fig. 2. HPLC chromatograms of tolaasin I from Dr. Shirata

(A), tolaasins from P. tolaasii 6041R (B), and Tol™ 6130 (C).
Peak 1~8 are tolaasin 1~8 based on Dr. Shirata's identification.

B E e B B
TnS

—— | I

1kb probe

Fig. 3. Physical map of insert DNA of pToltn5.

Z£% DNA® P. toaasiiol W S35 1371 ¢
8le] 2 DNA$ probeZ 3}e] ©]7] X5 P. tolaasiis
H| &3} P. agarici, P. gingeri, WLROs, 7L2] 2 -€l2)
WAl 82" B3 Pseudomonas) DNA<H DNA-
DNA hybridization AA13tsic}. 58] et &= %
A= Al FFR(A, 6041, 6096)< ¥laolA HelE F &
(P3a, Pf29) 5 A8 57 #59 P. tolaasii~= 5
z+-2 =719) hybridization bandZ 7Fg e}, ARS-H 4l
o] WLROTFFF & &5 209 3334 Pseudomonas
FFF 8 FF, 283 P. agariciiXE o1m 3 bandE
e A estend, ARSEl R 45EE P. toaasii
o Yehd bands} 37 28l ¥ =7 o2 bandE 713

1 2 34 5 6 7 8 9 10111213 1415

234~

6.5-
43-

Fig. 4. Total DNA from P. folaasii (lane 2-6; A, 6041, p3a,
pf29, 6096), WLROs (lane 7~10; 502-3, 6679, D2, H3), P.
agarici (lane 11; 7177), P. gingeri (lane 12~13; pf9, pf31),
and fluorescent Pseudomonads (lane 14~15; 7023, 7053) was
digested with EcoRI and BamHI, and hybridized with insert
DNA of pToll as a probe.

1.2 3 4 5 6 7 8 9 1011 1213 14 15

Fig. 5. Total DNA from P. tolaasii (lane 2; 6679) and other
Pseudomonads (lane 3~15; P. acidovorans, P. arvilla, P. di-
minuta, P. fluorescens 7181, 7182, P. fragi, P. maltophilia,
P. pseudoalcaligenes, P. putida, P. stutzeri, P. taetorolens, P.
testosteroni) was digested with EcoRI and BamHl, and hy-
bridized with insert DNA of pToll as a probe.
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tH(Fig. 4). 183 d=A%Fstd74o] +41d KCTC
(Korean Collection for Type Cultures) 24€] F-of gk
13709) Pseudomonass AdE2] DNA®} hybridiza-
tionol 4] = ™ hybridization band% Yeh4=] e¥sic}
(Fig. 5).

olzlg A3 2% DNAZE 4% o Aol hy-
bridization=+= $-AF3+ DNAZ} £A3te = 43112 P.
tolaasiidll Eo]&oln], RFLP pattern® hybridization
band®} 49| 7= A3k o] DNAEH | d7]xdo]
P. tolaasiioll Eo1A Y& A&l Fasich o g o]
DNAE “eleliAl 259 WaAdd P. tolaasii]
ZAE3 243 FA o F835H AN AR Azt

2 o

releliAl AT WHAATA  Psew-
domonas tolaasiiol N oA FAmarkerE <71 $
3 tolaasin S22 AAlel #HoJsl= DNA AHE F2
J3laich. Tolaasin lipodepsipeptide 424 P. to-
laasii®) HUAA AA AR deix 9lew, =3 P. to-
laasiiZ white line reacting organisms(WLROs)<} 3
AdAl ek s o #A7HA (white line) ¥4
ol #eisle Zezx odeA 9lch Rifampicin A4
P. tolaasii 5= pSUP2021 :: Tn5& 742 Sl A
T+ FFe AE S8 FAAAE FAA e =
Ao A(WL)E FE=slsict. WL Sdwe]x9] to-
laasin AA53-E I FEE3A N WA 18w
vfjoFei el HPLCEA ol o&) #elgt A3 =& WL
Edo] A S0] tolaasin AL AAEE Z(Tol )2
2 Jepgdrh Cosmiddl pLAFR3e] Tol- Edwo] A2

genomic librayE =1, Tn5E 72 e S8 A

whalodet. AgE plasmid23F€ Tns7F A 49
DNA AH& 243193, P. tolaasiiol A7 SolAd &
212 913 probe® o] &3tk P. folaasiet AP R
21t WLROs¢t 334 Pseudomonads Z1®]3L P.
agarici, P. gingeri®} 9121 Pseudomonass A& A
A DNAE #3238} DNA-DNA hybridization 23} P.
tolaasii ©)9)2} TFAx+E A3 hybridization band”}
veltz] qAY P tolaasii®l band¢l= o RFLPE
BoFgich & 7ol F289% DNAEHT 1 47]
AL P. tolaasii®) &3 T4 F-831A AHE A
o]t}

ZAlel 2E

P. tolaasii®t WLROs T8 #FalFAl ol
RAFEL wedat vl FFA F¥AY A7 LM

Wells 2Abd, 829 elelaiul] srllA Al
ol 288 FAl ¥EAFA s HeEH ol
T A7) 825D AFE Al aga 4874
S 2ol SRR F3stst edr|agd
A ZAtERU 2 AFE 1996 % Al EA e
AR B 3A| d-t8] Aol Y3le] =SS
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ek

1. Bessette, A. E. 1984. Distribution of brown blotch bac-
teria in wild and cultivated species of Basidiomycetes. Ap-
plied and Environmental Microbiol. 48 : 878-880.

2. Bessette, A. E. 1985. Use of the mushroom tissue block ra-
pid pitting test to detect brown blotch pathogens. Applied
and Environmental Microbiol. 49 : 999-1000.

3. Bessette, A. E., Kerringan, R. W. and Jordan, D. C. 1985.
Yellow blotch of Pleurotus ostreatus. Applied and Envi-
ronmental Microbiol. 50 :1535-1537.

4. Brodey, C. L., Rainey, P. B., Tester, M. and Johnstone, K.
1991. Bacterial blotch disease of the cultivated mushroom
is caused by an ion channel forming lipodepsipeptide tox-
in. Mol. Plant-Microbe Interaction 1:407-411.

5. g, wbAlL A, BT, AR, o T 1997 =
et AL Al 7)€z A7 9. FIAlEAL. 374pp.

6. Geijn, J. V. D. 1981. Bacterial diseases in practice. Mush-
room Journal 102 :197-199.

7. Gill, W. M. and Gole, A. L. J. 1991. Cavity disease of
Agaricus bisporus caused by Pseudomonas cepacia. Can.
J. Microbiol. 38 :394-397

8. Goor, M., Vantomme, R., Swings, J., Gilllis, M., Kersters,
K. and Deley, J. 1986. Phenotypic and genotypic diversity
of Pseudomonas tolaasii and white line reacting organisms
isolated from cultivated mushrooms. J. of General Micro-
biol. 132:2249-2264.

9. Grewal, S. 1. S., Han, B. and Johnstone, K. 1995. Iden-
tification and characterization of a locus which regulates
multiple functions in Pseudomonas tolaasii, the cause of
brown blotch disease of Agaricus bisporus. J. of Bacteriol.
177 : 4658-4668.

10. Han, B., Pain, A., and Jonstone, K. 1997. Spontaneous du-
plication of a 661bp element within a two-component sen-
sor regulator gene causes phenotypic switching in colonies
of Pseudomonas tolaasii, cause of brown blotch disease of
mushrooms. Molecular Microbiol. 25:211-218.

11. A 2R 533, 1986, =418 - 1% - A B3t
Al B 3813, 633pp.

12. R34, A%, A, o] 2% 1994. w4l 2R Pseu-
domonas tolaasii®} Pseudomonas agarici®] ¥-2]F4 | 9}
oA BAjxjo]. FP=EA 36:343-348.

13. Z1&<h, A5, 73Rl 1995. Q-3 Aui Aol S 2
© 7%= Pseudomonass ¥ QA Aol TaF A 2. B{Al Al
FA AR T el HAMT Pseudomonas tolaasii®}
white line 34347 AT FA. I 22 E3A].
11:353-360.

14. 7)1 2}, 71 28], 7338) 7. 1994, 215 AHuis] Aol 2H-S 2



15.

16.

17.

18.

19.

20.

21.

22.

23.

KOREAN J. PLANT PATHOL.

[¢3

S 7= Pseudomonas<; ¥ Aol A3
A ALl Faf WA UM .
8}3]%]. 10:197-210.

o|¥al, o5&, WA, A1, AAdE. 1997 FHEE
lA Ee|g ele|HAl 2wy AT WY 35
et F A7 14:121-132.

Mortishire-Smith, R. J., Drake, A. F., Nutkins, J. C. and
Williams, D. H. 1991. Left handed o-helix formation by
bacterial peptide. FEBS. 278 : 244-246.

Nair, N. G. and Fahy, P. C. 1973. Toxin production by
Pseudomonas tolaasii Paine. Aust. J. biol. Sci. 26:509-
512.

Nutkins, J. C., Mortishire-Smith, R. J., Packman, L. C.,
Brodey, C. L., Rainey, P. B., Jonstone, K. and Williams,
D. H. 1991. Structure determination of tolaasin, an extra-
cellular lipodepsipeptide produced by the mushroom patho-
gen Pseudomonas tolaasii Paine. Journal of American
Chemical Society 113 :2621-2627.

Rainey, P. B., Brodey, C. L. and Johnstone, K. 1991. Bio-
logical properties and spectrum of activity of tolaasin, a
lipodepsipeptide toxin produced by the mushroom patho-
gen Pseudomonas tolaasii. Physiological and Molecular
Plant Pathology 39 :57-70.

Rainey, P. B., Brodey, C. L. and Johnstone, K. 1992. Biol-
ogy of Pseudomonas tolaasii, cause of brown blotch
disease of the cultivated mushroom. Advances in Plant
Pathology 8:95-117.

Rainey, P. B., Brodey, C. L., and Johnstone, K. 1993.
Identification of a gene cluster encoding three high-molec-
ular-weight proteins, which is required for synthesis of to-
laasin by the mushroom pathogen Pseudomonas tolaasii.
Molecular Microbiol. 8 : 643-652.

Sambrook, J., Fritsh, E. F. and Maniatis, T. 1989. Molec-
ular cloning a laboratory manual. Cold spring harbor la-
boratory press.

Schisler, L. C., Sinden, J. W. and Sigel, E. M. 1968. Etiol-
ogy of mummy disease of cultivated mushrooms. Phyto-

o 1.0 AdF

.
(<
@34 2o

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

183

Vol. 14, No. 2, 1998

pathology 58 :944-948.
AR, A, 1991, Zete] Al AlgAdZuby o) e
FF A 2 AT WAL 1991 FA=EA] 34:1-10.
Shirata, A. 1996. Production of volatile components by
Pseudomonas tolaasii and their toxic activity. Ann. Phy-
topathol. Soc. Jpn. 62:185-193.
Shirata, A., Sugaya, K., Takasugi, M., and Monde, K.
1995. Isolation and biological activity of toxins produced
by a japanese strain of Pseudomonas tolaasii the pathogen
of bcterial rot of cultivated oyster mushroom. Ann. Phy-
topathol. Soc. Jpn. 61 :493-502.
Tolaas, A. G. 1915. A Bacterial disease of cultivated
mushrooms. Phytopathology 5 : 51-54.
Tsuneda, A., Suyama, K., Murakami, S., and Ohira, A.
1995. Occurrence of Pseudomonas tolaasii on fruiting bo-
dies of Lentimula edodes formed Quercus logs. Mycos-
cience 36:283-288.
Wells, J. M., Sapers, G. M., Fett, W. F., Butterfield, J. E.,
Jones, J. B., Bouzar, H., and Miller, F. C. 1996. Posthar-
vest discoloration of the cultivated mushroom Agaricus
bisporus caused by Pseudomonas tolaasii, P. ‘reactans,
and P. ‘gingeri. Phytopathology 86 :1098-1104.
Wong, W. C., Fletcher, J. T., Unsworth, B. A., and
Preece, T. F. 1982. A note on ginger blotch, a new bacter-
ial disease of the cultivated mushroom, Agaricus bisporus.
Journal of Applied Bacteriology 52 43-48.
Wong, W. C., and Preece, T. F. 1979. Identification of
Pseudomonas tolaasii: the white line in agar and mush-
room tissue block rapid pitting tests. Journal of Applied
Bacteriology 47 : 401-407
Young, J. M. 1970. Drippy gill : A bacterial disease of cul-
tivated mushrooms caused by Pseudomonas agarici n. sp.
New Zealand Journal Agricultural Research 13 :977-990.
Zaayen, A. V., and Waterreus, H. A. J. 1. 1974. Intracellu-
lar occurrence of bacteria in mummy-diseased mushrooms.
Phytopathology 64 :1474-1475.

(Received April 11, 1998)



