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Antagonistic Effects of the Bacterium Alcaligenes sp. HC12
on Browning Disease Caused by Pseudomonas agarici

Chan-Jung Lee*, Ji-Won Moon, Jong-Chun Cheong and Won-Sik Kong
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ABSTRACTS : A gram-negative bacterium was isolated from spent substrates of Agaricus bisporus and showed significant
antagonistic activity against Pseudomonas agarici. The bacterium was identified as Alcaligenes sp. based on cultural, biochemical,
physiological characteristics and a 16S rRNA sequence analysis. The isolate is saprophytic, but not parasitic or pathogenic on
cultivated mushroom, whereas it showed strong inhibitory effects against P agarici cells in vitro. The control efficacy of Alcaligenes
sp. HC12 against brown blotch of P agarici was up to 63% on Agaricus bisporus. The suppressive bacterium may be useful for the

development of biocontrol systems.

KEYWORDS : Agaricus bisporus, Alcaligenes sp., Control efficacy, Mushrooms, Pseudomonas agarici

N B
Pseudomonas$-S E3Fsh= ofg] Alito] thest
TS AT, 2). ©1& F 7
T U2 A AATFHES DO Pseu-
domonas tolaasiiol™ , A2 E-HH-L 19151 TolaasO]]
o] AL-08 B0 (3], 1919 Painedl] &J3}ed]
P tolaasii= "EEJTH4]. P. tolaasiite =EH, 50],
a1 5ol 2SS Uo7 [5-7], £-73HE 0= WA
A B E= o] T2 FBA PseudomonasEa} vl A

-
it

Kor. J. Mycol. 2016 September, 44(3): 171-175
http://dx.doi.org/10.4489/KIJM.2016.44.3.171
pISSN 0253-651X e eISSN 2383-5249

© The Korean Society of Mycology

*Corresponding author
E-mail: Ichanj@korea.kr

Received August 2, 2016
Revised September 8, 2016
Accepted September 22, 2016

@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.

171

sel, B2A) 54 B GFaTAel old WHoR: 5
A7 17 YA ks, 9]. 283 WA QA= P tol-
aasiioll 23t AT ZUFL2 P gingerioll &3l A=
&2 24 (yellow-brown)©] WP ginger blotch disease

o} FARSE 544S ZEETH(10, 11]. o] Al Slo] B
TE 2572 Alto] S 4o7]al glem o5 5 P gin-

geri= giner blotchS Y ©7]31(10], P. agaricic &50] 2t
o] st Ao HFHE WA FAste s A8t
Al7lE Ao Barso] Qlth(12]. =3 P agaricie =E}E]
ol yellow blotchS Y.©7]31[13], ¥=50] %t} tel] 3|45
s dozint. o] HE W 9] oSo] ul-g- of§da,
A Foll= AP A BrFssh, d i Aeh A
HiAL AA 2 g8 AAEo] A Aolls wals A
& F28lA] ZakA she 5/d0] vt 14).

FHZelle 31875l gt #ilo] S7kEwA sks
ofe] tioko 2 Aol the el ] A
Aol ok A7t s JH L Qo (15]. Bt
o185 AT WA ©EfololA] Nairh Fahy
(167} A& 2 AF3IAL, g [17]9} Bfol 1810014
AlFZE ATE o8-8l ) FHHeE YESH AA=
o|- 831t} P fluorescens’} P. tolaasiiol W3l 2&/3-S 7}

20 o=
Acka sjglont el Hlsl soule] e 7k glojob




172 o A - AFH w94

a7t glong A8Ado] Holxlttal Haskith19]. &=
g SfolME Al dAFH o] Erlshs S48 Aslist
T S B AZYES Adeete] YRS wrlE
AT AT FAskAL 20, 21]. o] 9} o] Al WA
£ Hsto] FRAE o183 S8 WAl eSS
o83 BEH WAl Arste] AmEaL JARE o}
P Uk 59 ATA Rl e Aot 22]. &
g WAL B8} Aol o3k WAl b EAIZ ARl
o7 miZell A== WAl o M= e =4
°] 8753 Tt

webA B dlixde ol Al g3 A8
3t BAIE flte] AFPYES A B Fste] 518t

-0
5ok UIAIZ $18 297 WAMS AU BHow Sy
ssict.

HHH
od

M=

=

ojdE 22|

&7 PAES Eelsh] flsl AlE] e HAl 5
5} S ulR| o} ol MiAE F7PE 334 AFH s Aol
ARESIATE. PIAES] 2= R2A viAo] BAMEE 34
HjFated 50~60709] colonyE ¥/JSH plate=HE 5HZ
o2 skt o 2R PlES R2A HiRIelA 29
S R F RS obA 20% (viv) SEAIE Sl
¥ol -70°Coll BESIAA 88 A RE ARSI

Zetn|ge| Mt

T g MAEERE AT (P agar-
ici)oll gt Aehts AA0s}17] 9151 paper disk methods
 olgsle] AF3IATE HUTS R2A BIA|[23]00] 24417
dAE Fo} 100 uL Bi57F & 1.5 mL e-tube
o YL HEH5 x 109)3}4] 100 pLE F3te] HE T4
ST A AE Ak o )3 M ES R2A
Hj 2] [23]0]] 484171 vkt & TS Fot 50 pL Hirh
€ e-tubedl] WL BN x 1003} 70 uLZ: F3}] 8 mm
paper diskel] st AH5ARS HJreof| whe} zh 75
o thgh A3seS Hrietdrt.

DNA 22| ¥ 16S rRNA REXt 47| M| HY

DNAT Qiagen Genomic DNA Isolation Kit (Qiagen,
Germantown, MD, USA)S ARS-8te] #8]3131aL, polym-
erase chain reaction (PCR) %%~ Techne thermocycler
(Bibby Scientific Limited, Stone, UK)Z F~3§3}31T}F. PCR
HR3-E 3 0O 1 buffer (10 mM Tris-HCI pH 9.0, 50 mM
KCl, 2.5 mM MgCl,, 0.01% gelatin and 0.1% Triton X-100),
HETFE 200 pm®] deoxyribonucleotide triphosphates
(dATP, dCTP, dTTP), 0.6 U Taq DNA polymerase (Sigma-

Aldrich, St. Louis, MO, USA), HF%% 2 um9] 3, 9
9] primers [fD1(5-AGAGTTTGATCCTGGCTCAG-3)
2} rP2(5-ACGGCT ACCTTGTTACGACTT-3)] 18]
10 ng template DNAZ ©]Fo}Hith. PCRE 94°CollA 13,
56°COllA 14 1]aL 72°CollA] 21T 30 cyclesZ 33}
AL, ¥ES- $ primer®} dNTPE high pure PCR Product
Purification Kit (Bioneer, Daejeon, Korea)S A-8-3}>] PCR
AHEEHE A ASHAT AAE PCR A2 pT7 blue Vec-
tor (Merck Millipore, Billerica, MA, USA)9l 24351 Big
Dye Terminator Kit®} ABI Prism 310 Genetic Analyzer
(Applied Biosystems, Foster City, CA, USA)E AM8-3}
A7IMES AAsITE A3 16S rRNA f3Ake] 497]
EL GenBank Databasedl] 5F3I4th. & A 24
< 93l Clustral W B41Z 2 7202418 AF23}d GenBank
o = 2 AVIMEET BIwEIATE. Jukes} Cantor
[25] WH-S 0]851] evolutionary distance matrixs 23
3}al, MEGA 49] neighbor-joining "S- ©]-8-5l] 7%
TE Ao, treed] 8232 1,000 HEE-9] bootstrap
Ao E ARSI

Heol de| . dslsy 5o

A F-8vEEe) Akl SAdE A8 S8t
71EAA] 2690 TFSRE TR0 Badd Ao, 7R 5
£ 0.1% (ww)H F71ste] SRS ZAlsl o, B7b
Z|OF API 20E, API 20NE, 50CH 7]E (bioMérieux,
Marcy-1'Etoile, France)E AM8-3I% 3L, Bergey’s manual of
systematic bacteriology [27]°] =3l 23S ST

ZEhro| MMMy U g 24

Al s AT o] WAl EaE 1A 918 EE(30
x 20 cm)®l] A FFolHAS Adol AT B
T R2A BljA][23]00] 48217 viFSE 3 A& Rot 250
mL BT £ AEEeTe €a dEsl HF T
7} 5 x 10°H == ZASIT Zam|APE-2 A wljol] up
E HiA Y] FS FHAgelr] flste] R2A BiA][23]0)] 48
AZF ekt & TS A4 Kol 250 mL G E A
ZFEekTo] Yol fgele] HE 505 x 10 HES X2
Ay, 2gn g Ee] dravs A4y Yste] FH)
B FEJ| BT ekl 100 mLE WAl ZpaAo)] HA) B
T2 F 308 Bt A HHEES 2% 4%
HA3E 100 mLS ARSI 2% 15°C, 55 95%2] A
SANA AuShEA B BAES ALY 7 A
590 2 A9t

WS 9 A7 the 2102 Alkks

S = (FA S A2 E) A= EEE x 100



Alcaligenes sp. HC128] WAl Alsd 3| A5

Fig. 1. Antimicrobial activity of Alcaligenes sp. HC12 against
Pseudomonas agarici.
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Fig. 2. Phylogenetic tree of HC12 based on 16S rRNA sequence similarity. Branching values determined using 1,000 bootstraps.
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Table 1. Biochemical characteristics of Alcaligenes sp. HC12

Characters HC12 Characters HCI12
growth at 42°C + L-serine +
Nitrit reduction - Malonate +
Gelatin liquefaction - Valerate +
Urease - Propionate +
L-histidine + Proline -
L-tryptophan N-acetyl glucosamin +

L-ornithine Potasslum gluconate -

Table 2. Control efficacy of browning disease on Agaricus
bisporus by HC12 strain

Treatment Infection rate (%) Control value (%)
Control 68.5+ 39
HC12 253 +43 63
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