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Antagonistic Effect of Bacillus safensis HC42 on Brown Blotch
Mushroom Disease Caused by Pseudomonas agarici
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ABSTRACT: A gram-positive bacterium was isolated from the spent substrate of Agaricus bisporus that showed a marked
antagonistic activity against Pseudomonas agarici. It was identified as Bacillus safensis HC42 based on its cultural, biochemical, and
physiological characteristics, and 16S rRNA sequence. B. safensis HC42 was saprophytic, but not parasitic or pathogenic, in
cultivated mushrooms and showed strong inhibition of P agarici in vitro. Moreover, it showed a control efficacy of 66 % against
browning disease caused by P agarici in Agaricus bisporus. Therefore, B. safensis HC42 may be useful in the future for the

development of a biocontrol system.
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WAl S A0+ Pseudomonas E9\= P tolaasii,
P agarici, P. gingeri Z12]3L YA P reactans 5°| X
L= ATHWells et al., 1996; Wong et al., 1982; Young,
1970). °]& BWUFES WA A 2 FEHRE
ojrmg]= she] fI<le] F32 itk (Fermor, 1986; Gill,
1995). & & oAl 7 2 I8l & = ¥Yd
& M2 EE S dOT]= P tolaasiiol™, A28
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FHH2 19159 Tolaasol] ©]ste] Ao =2 HIEHO
™ (Tolaas, 1915), 19193 Painedll &5} P tolaasii= ™

W= tH(Paine, 1919). P tolaasiiol 23k Z-A 5] z”
2 P gingeri©l &3l @A E= @2 24 (yellow-brown)
o] WEYH 2l ginger blotch disease®} A3 548 zh=
th(Wong ef al., 1982; Cutri et al., 1984). ko] Aujol
U0y T ThE 2FFY Aleto]l HE doT|a JleH o
% P gingeri = giner blotche Y°7]3(Wong et al,
1982), P. agarici = ¥&°] 748 ®He| 28] HEHE
WAl @At FEAS AsHTIE ZeE BaEo] 3l
TH(Geels et al., 1994). =3+ Pseudomonas agaricic =
ElglH A yellow blotchS YS7]3(Bessette et al.,
1985), &F&ol ztat tio Q”‘”UJE" = doqit. o
gAY o] of|Zo] wlg- oYz, i A sk AfuiAE
A2 FA8HA A= "]6} oT°ﬂ HAS A8 g

SHA] B3 s 54d°] dth(Lee and Cha, 1998).
FHoll= AEW WAE 8l sleksore] tijtew 2
P ES o] &gk A= WA gk A7t et

Al XY= 5
o] A Nair=
Ao s

A TH(Scherwinski et al., 2008). 2. 2=E&]o}
Fahy(1972)= A% o83 257
Aeo AL, Nutkins ef al(1991)
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£ P fluorescens?t P tolaasiiol W&l 2&AS 713t
sl ot Weletel Hlal 80ue] W 7} lojoF a3t
Uoermr Hgdo] Hojxltkal B sginh. sjolx=
AT o] EHshe 545 Addte S48+
2 A E Msle] AESHE WAE 9% ATFE
&8} AUTH(Lee et al., 2013; Lee et al., 2014b). o]}
ol Mt WA flste] FAAE o835 3HeHH WA
of A LS o] &3t AEZF WAool A3l A=
UA T o}F] W= whek g3E AR £k Q)
14 o]t} (Park er al., 1992). TEgF WAL 3}8lEoF A
A=R
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A oI AT el m9jo] 8753 ek,
Wb B AP E ool AT AR
35 WAS 91ste] APUPES A L SYste] 55
o UIAS 918 AP PANS LT BAHow Sy
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&3 HAES EEs] S8l AlEd “ElHA
TR 9} o] iR E F7PE 33 AF st Y
o] ARE-3IITE P ES] EEl= R2AMIR] O] TAER 3
A1 vl kated 50~60712] colonyE B4 plateZHE &
gHoz sttt &5 g vAES oF 3,500
FHom, o5 £ nAYES R2AMA| A 2 <t H)
U3 T FAAZ RolA 20%(viv) FEAZ fAol Yol
—70°Coll BESAA AR L AEZ ARSI

Zen|ME HC429| M

o Beo vAIEZRE Ml 3T G (Pseudomonas
agarici)°l gt 4d mAES ALsty] $5te] paper
disk methodsE ©]-&3}th. HYFE R2AHA] (Kim and
Whang, 2002)¢] 24A17F BjFgt & #31E Eof 100 ul
FFF7F E 1.5 ml etubeo]l ¥ FEHSx10° cfu/ml)3HA
37, 28] PAES R2AENA O 48A17F Bt vkt &
AE ®o}l 50 ul BHEF7F E e-tubed] B HEH(5x10
cfwml)dFATH 288 AR 9T 100 plE 335k )
E e =%e & 8mm paper diskE 2 EI £
uAE 70 uE F 3k paper diskoll HE3ke] AYSA A3k
o] Axol| we} 7 #5of] tik A3 kst L
Az 23o] & nYE HC42E At 281 o
HAES SSdTE FY-FAAAAE (KACCI1773P)l
7)€kt

215t0|A2 HC429| DNA 22| ¥ 16S rRNA FHX}
@7IMge| 2

DNA+ Quiagen Genomic DNA Isolation Kit(Quiagen,

USA)yS ARgstel #Estlal, PCR 5% Techne
thermocycler(Techne LTD, Duxford, Cambridge, U.K.)=
T3 Th PCR WHS-EFN LS | x buffer (10 mM Tris-
HCl pH 9.0, S0mM KCI, 2.5mM MgCI2, 0.01%
gelatin and 0.1% Triton X-100), FF&% 200 pm<]
deoxyribonucleotide triphosphates(dATP, dCTP, dTTP),
0.6 U Taq DNA polymerase(Molecular Biochemicals, Mt
Wellington, Auckland, New Zealand), #5-5%= 2 um9] 4, &
ko] primers [fD1(5-AGAGTTTGATCCTGGCTCAG-3')}
P2(5-ACGGCT ACCTTGTTACGACTT-3')] &3 10
ng template DNARE ©]FoJ%th. PCRS 94°CollA 1+,
56°CollA] 1% 228]3L 72°CollA 28-7F 30cyclesZ S35}
AL, WS- % primer®} ANTP+= High Pure PCR Product
Purification Kit(Bioneer Co., Chungbuk, Korea)S A&
&to] PCR th=24H A7 sttt 4AlE PCR A=<
pT7 blue Vector(Novagen Co., Madison, WL, USA)l| &
2493t Big Dye Terminator Kit®} ABI Prism 310
Genetic Analyzer(Perkin Elmer, New Jersey, USA)E A}
&3te] H7IMES At 248 e 16S rRNA #3
Zke] 971 <€& GenBank Databasedl 5=3I3th. &
A AAE $18 Clustral W 4222 73 (Thompson et
al., 1994)& A1&-319] GenBankol & thE H7|MIE
I BTk, Jukes®t Cantor(1969) WHHS o]-&-3lo]
evolutionary distance matrixE 2}J3}3L, MEGA 4¢]
Neighbor-joining W< o]&sl AsTE 2
), tree?] P4 1000 HHE-9] bootstrap A= X

AFSISIE.

ZE0|ME HC429| M2 M5tes SY

A 8] AstetAl EA4S XA flske]
7]1Euj =] (Stanier et al., 1966)° ThF3F F72] B4
fructose 5 18%F, A4 65 52 0.1%ww)y 718t
o] YSHES 2AEIGon | BrlH o7 AP 20E, API
20NE, 50CH 7]E (BioMerieus, Marcy I’Etoile, France)E
AE-3F99 AL, Bergey’s Manual of Systematic Bacteriology
(Palleroni, 1984)] F3sted 28-S sAth.

ZE0|ME HC429| XS HA

A ey el WAl aaE AAsh] 98 FE
(30x20 cm)oll AujE FFolWAlS AFel ARESIATE.
HATL R2AHIA|] 48A17F vidSE & H#AE 2o}
250 ml E#77F € A&k ¥
FE7F 5x10° cfu/mlE =2 ZAEH T AP Ee A
A wjekel] whE i JFS A3} 517] 95t R2A
Hi ROl 48A17F vl & FAS ZH Kol 250 ml B
F7F € AHEEeae] da dgeld HE: w=vt
5x107 cfumlE =2 ZAsIch. 2gnyEe] +a7}
= AA37) Slste] FHjE EE ¥ A€ 100 ml



WAL Al B A

< WA ARAe] HA 2RAEE 5 302 S]t AT
WSS 24T F ‘%PUV@@ 100 ml& #7221
744, 33)Az))sl] L5 15°C, 5 95%2] A5l
AupstEA] %_ng%% APt 72t Ad2 sukEo
2 sk

S B AR e A o= Aldbeksit

S /ZAPNAS x 100
S22 -8 )FA S x 100

a3 0@

ZEn0|ME HC429| EHRE 3t

T e oF 3500472 wAEel dis] AdgEe
ZAFS A3 gl B v Bl ddgoe] A
ol oFgt A S Hilou, vAlE HC2e =2 4%
g BATH(Fig. 1). FHlolx= A3 Fegol o

St AvAEZE Alcaligene?:0] BALE 3L (Lee et al.,
2016), A2 7=l teiX= P fluorescens(Park et
al., 1992)$} Pseudomonas azotoformans(Lee et al., 2014)
T2]aL o] Welto] wH|ske 545 AslSk= Pseudomonas
2 (Lee ef al., 2013) 5°] Ry EAct. ZAau|PES o] &
g Al gk A7 Bol Iy o, 2 W
Agel B IF fﬂ1—Er of Alg] 237t LA A e
wio® ARekome) gt ¥ Agelnt.

Fig. 1. Antimicrobial activity of B. safensis HC42 against
Pseudomonas agarici.
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2&0|ME HC429| 16S ribosomal DNA £

AgAHd HC427FF2] 16S tDNAE PCR 520 2|3
¢k 1.5 kb9 FHAE SRR, ArMEe A}
Ak, o] 9714 <¥<S Ribosomal database projectS ©]-&
ste] sS4 8 AR Bacillus safensisSt 32 A

AJ8 H Tt T3 Neighbor JoiningH (Saitou and Nei,

W (Pseudomonas agarici) | g S48 VA=

1987)& o] &3 FABAE A3 23 43+t HCE
B. safensis?} 72

-
N
.|_4

Brevibacterium halotolerans AM747812
Bacillus mojavensis AB021191
Bacillus subtilis AJ276351
Bacillus vallismortis AB021198

47— Bacillus amyloliquefaciens AB255669
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——Badillus licheniformis CP000002

Bacillus idriensis AY904033
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Bacillus altitudinis AJ831842
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94 Bacillus pumilus AY876289
9oL Bacillus safensis AF234854
70' Hcaz

——
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Fig. 2. Phylogenetic tree of HC42 based on 16S rRNA
sequence similarity. Branching values determined using 1,000
bootstraps.

23| M2 HC429| AMz2| A5lalx 0| EA
A& HCA2TAFE 42°CollA A8o] 7Fs35h ofd
el FAANTIA ZARE gelating YSHAZ T 2E]
Methyl a-D-glucopyranoside,

37 Raffinose, Inositol,

Melibiose, D-turanoseZ ©]-8-3}31 3., Maltose, Fructoset

°]-&-8}A] XA TH Table 1).
Table 1. Biochemical characteristics of B. safensis HC42
Characters HC42 Characters HC42
growth at 42°C + Inositol +
Methyl a-D-gl -
Nitrite reduction cthyl a 8Hcopy
ranoside
gelatin liquefaction + Melibiose +
Raffinose + D-turanose +
Maltose - Fructose -

ZEn|ME HCa2e| ME A &3
FEolsle] AT IS FES $oll HC42
< s A FAE TN E 46.5%2] olHE&S B
A4k HC42A 2ol M= 15.7%2] olH&2 Bl 66%2] W
A&7t STk, 0|9} o] HCA2dF+ Al 3|45

Hol| =2 73345 HIUI(Table 2, Fig. 3), &4
o S 9 HA A AE, 57 A S

Hek AP 7led Ay 58 FUHeE s
tfhjrw‘ AEFFO A9 F73] 7HX7F S o=

Ht}. Lee 5(2016)°] Alcanigeness:o] A3 3|54
%‘oﬂ sl 63%2] WA E2A7 AT B R T WA
FI7F 5Tt 8 Lee 5(2013;2014)2 Al
T ARe] BHEAE Asl= AAER] Pseudomonas
o] e, o], GFol Foll 55%~69%°] WA EHE
X3, Pseudomonas azotoformansi= ©1& WAl dis|
69~71%2] =& AT} AATHL BTt 2=l
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Table 2. Control efficacy of browning disease on Agaricus
bisporus by HC42 strain

Treatment Infection rate (%) Control value (%)
Control 46.5 + 4.5
HC42 15.7 + 3.2 66

Fig. 3. Effect of spraying of HC42 suspension on browning
disease development in Agaricus bisporus. Left, control
treatment; Right, HC42 treatment.

A= Nair®} Fahy(1972)= WYLF P tolaasiiol D3l P
multivorans, P. fluorescens, Enterobacter aerogenes 5°|
AFEH7E AJokaL Basiink. A7k Sl e
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ol tialf XE 54 A=44 d9S 4 )
A2l FEolHAl viA| oA Al 3] st
ZAgA HCA2E Ausislon, A
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