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Growth Inhibition of Mushroom Pathogen by Bacilus sp. HJ 57
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Approximately 80 species of bacteria were isolated from the fermented mushroom first and the HJ-57
antibacterial micro-organism was selected to the final isolation bacteria. It has a high degree of
CMCase, amylase, and protease activity as well as high antibacterial activity against mushroom patho-
genic bacteria without affecting the growth and development of Flammulina velutipes and Lentinus ed
odes mushrooms. The finally selected HJ-57 antibacterial micro-organism was identified as Bacillus sp.
HJ-57. The initial pH for culture was pH7 and its optimum culture temperature was 35 #C. The anti-
bacterial material produced by Bacillus sp. HJ-57 showed a little antibacterial activity even in the 12
hr of culture, but showed the highest antibacterial activity in the 36~48 hr of culture. The HJ-57 anti-
bacterial micro-organism also showed a high antibacterial activity against mushroom pathogenic bac-
teria and molds in the corn cob contained culture medium is used in Flammulina velutipes cultivators.
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Wete Algde B A3 B £ Pseudomonas tolaasii
ATCC 33618% AME3tGTh MAZTS A o459 E4F
Ao X Aul FQ Lentinus edodes FRI-5 (FEILH AT}
Flammulina velutjpes ASI 4003 (JolHAl) 2 F&E H=A Y
o] 2T A oA AFLoA B Fammuling ve-
lutipes FVI-5& AH&-3H 4Tt
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Table 1. Comparison of cell growth, clear zone size and enzyme activities of the isolated strains by agar diffusion method

2)

. Mycelial Clear zone Enzyme activities (units/ml)
Isolated strains growth” cm? AMY sm? CMCase Amylase Protease
HJ-50 +++ +++ ++ +++ 6.1 6.3 253
HJ-51 +++ ++ ++ +++ 4.8 8.6 30.2
HJ-52 ++ ++ ++ +++ 52 74 341
HJ-53 +++ ++ ++ +++ 57 8.6 25.2
HJ-54 +++ +++ ++ +++ 42 5.6 29.8
HJ-55 +++ +++ ++ +++ 48 9.2 315
HJ-56 ++ ++ ++ +++ 51 6.1 33.2
HJ-57 +++ +++ +++ +++ 6.4 118 456
HJ-58 +++ ++ ++ +++ 42 6.6 285
HJ-59 +++ ++ +++ +++ 55 10.6 269
HJ-60 +++ ++ ++ ++ 5.6 7.8 30.8
HJ-61 +++ ++ ++ +++ 35 95 333
HJ-62 +++ +4++ +++ +++ 59 112 372

DGrowth rate :

4-9 mm, +++; more than 9 mm.

+; slow, ++; medium, +++; fast.

ISize of clear zone on CM” containing carboxy methyl cellulose for cellulase
activity, AMY containing soluble starch for amylase and SM® media containing skim milk for protease: +; less than 4 mm, ++;

Table 2. Antifungal activities of the isolated strains against mushroom pathogenic molds and bacteria

Mushroom pathogenic

]

Isolated Strains

Isolated molds

M-23 M-24 M-25 P tolaasi

HJ-50 ++ +4 +4+ +4+

HJ-51 ++ +4 ++ -

HJ-52 +++ +++ ++ +++

HJ-53 ++ ++ ++ ++

HJ-54 ++ ++ ++ ++

HJ-55 +++ ++ ++ ++

HJ-56 ++ +4 +4 +4

HJ-57 +++ +++ +++ +++

HJ-58 + +++ ++

HJ-59 + +4+ ++ +

HJ-60 - - ++

HJ-61 + + + -

HJ-62 4+ ++ +++ ++
1)-,' Non activity, +; less than 4 mm, ++; 4-9 mm, +++; more than 9 mm
Folo et HlwF F& A4S UE o H-607% HJ-61 AOZ Yy oy o] FavAdEe] HAY AFde o™
TFe 9A Jer Aok 283 29h& f2ste P toaasi FFS A =AE HESLA Fg 20 JER T o529
o WA= H-52 9 HJ-57d 50l A Hud 2 JadAs 7t A A StE L edodes (Fig. 29 A% ARZD) A&ol= &
e it o]de] A2 WA A F2 Fgo|H S fds) Zol| A HJ-53, HJ-54, HJ-55 2 HJ-587F7}

B M-23, M24 2 M-25 309} 2uhg e fusle

sil] thape] FAlo) WA w2

AEZE HJ-52, HJ-57 @ HJ-2% 8752 Jebytth

S Gt m| A&

AEANE 4ol Ao YElRaL, F velutipesd
3 o] M A (Fig. 29] B3 ALx)oll A= HJ-54, HJ-55 2 HJ-561 5
Fhel HAASAFE dog o v FavdEse
o Aol A8 TS MAA G AR Uenth 1
e AEA 9 Frrel A Auisl= F velutipes FVI5
ig. 29 C3 AR)olE F&3 BE Fatu A &0
o B&o] A QS wAX S 2 Yepgth o]

2 B A7 e sMujA], AM H 2] 9 CM% ) A

or-
BT
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Fig. 1. Antifungal activities of the isolated strains against mushroom pathogenic molds and bacteria, . folaasii. A; M-23, B; M-24,
C; M-25, D; P. tolaasii. H]-57, HJ-58, HJ-59, HJ-60; Numbers of bacteria isolated from the fermented mushroom media.

Fig. 2. Growth regulation of the isolated bacteria with several mushrooms. A; L. edodes FRI-5, B; F. velutipes ASI 4003, C; F. velutipes
FVI-5. HJ-50~H]J-62; Numbers of bacteria isolated from the fermented mushroom media.
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Fig. 3. Photograph of transmission electron microscope of the
isolated HJ-57 bacterium.
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5 4% SR 4R HL7S B997 3 4ska
< 7 E3}] Fig. 37 Table 3¢ YehfSlth 2] & HJ-57
© Gram 4ol AR 2 WAEAE 7HAe o=
A7)+ 07-0.9x21-3.2 ymZE Ve Askstd EAL oxi-
dase, catalase & urease¥H32 %A o]0}, indol AL
Aot olgjst ARE EUE Bergey's Manual of
Systematic Bacteriology [19] % Bergey’'s Manual of
Determinative Bacteriology [2]9 &3t 543 A3} Bacillus

Table 3. Morphological and biochemical characteristics of the isolated HJ-57 bacterium

Test items Reaction Test items Reaction
Gram stain + Spore formation +
Cell type Rod Oxidase reaction +
Size (um) 0.7-0.9x2.1-3.2 Catalase reaction +
Motility + Urease reaction +
Colony color Ivory Voges-Prostauer test +
Fluorescence - Citrate utilization +
Flagellum + Indol production -

+; Positive reaction, -; Negative reaction.

5'-CTCGCAGGCGGTTTCTTAAGTCTGATGTGAAAGCCCCCGGCT
CAACCGGGGAGGGTCATTGGAAACTGGGGAACTTGAGTGCAG
AAGAGGAGAGTGGAATTCCACGTGTAGCGGTGAAATGCGTAG
AGATGTGGAGGAACACCAGTGGCGAAGGCGACTCTCTGGTCTG
TAACTGACGCTGAGGAGCGAAAGCGTGGGGAGCGAACAGGATT
AGATACCCTGGTAGTCCACGCCGTAAACGATGAGTGCTAAGTG
TTAGGGGGTTTCCGCCCCTTAGTGCTGCAGCTAACGCATTAAG
CACTCCGCCTGGGGAGTACGGTCGCAAGACTGAAACTCAAAGG
AATTGACGGGGGCCCGCACAAGCGGTGGAGCATGTGGTTTAAT
TCGAAGCAACGCGAAGAACCTTACCAGGTCTTGACATCCTCTG
ACAATCCTAGAGATAGGACGTCCCCTTCGGGGGCAGAGTGACA
GGTGGTGCATGGTTGTCGTCAGCTCGTGTCGTGAGATGTTGGG
TTAAGTCCCGCAACGAGCGCAACCCTTGATCTTAGTTGCCAGC
ATTCAGTTGGGCACTCTAAGGTGACTGCCGGTGACAAACCGGA
GGAAGGTGGGGATGACGTCAAATCATCATGCCCCTTATGACCT
GGGCTACACACGTGCTACAATGGACAGAACAAAGGGCAGCGAA
ACCGCGAGGTTAAGCCAATCCCACAAATCTGTTCTCAGTTCGG
ATCGCAGTCTGCAACTCGACTGCGTGAAGCTGGAATCGCTAGT
AATCGCGGATCAGCATGCCGCGGTGAATACGTTCCCGGGCCTT
GTACACACCGCCCGTCACACCACGAGAGTTTGTACACCCGAA-3'

Fig. 4. 165 rDNA sequence of the isolated HJ-57 bacterium.
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2o 16s rDNA #4(Fig. 4)<
s = B% A% Baallus sp. 2 frAHH
A0 Z Aol HFEe NHY #F5 Baallus sp. HJ-572
ke

7} ¥88 Bacillus sp. HJ-573w v &2 A5
of A= 9FE HES A Fig 50 et Wid2x
2 15C~50C 9 MHZ HA7HN AES A} Bacllus
sp. HJ-57 v A& 452 15~35C7H A= A 7F A4
How *0—7}4323‘4 45°C o] }e LA e 43 A
o] At RAoZ YR o4y dBE Baallus sp.
HJ-57 v & HAME 25& 25~40TC H22A A&
A=At 218G Bacillus sp. HJ-57 F | A& 15T
A= HH2EQ 35ToX 9 OD.g2 80% ol f7l
171 s ol B Al A] ] HLE;"'TE AHEE AT oAl
o TAMF(7C W9l) 2EAME A 52
AT Ao ALS Y. Berridga S[1]2 Streptocaccus lactis
o BF Mgz wet AAE s =29 o] ¥ =
Ag LARALH, nisin o] HAEE 28~30C2 H
aE8l Qo] 23 Bacillus sp. HI-570 59 & 3 2&
GeRiQ Telm RS 7] pHE 35T AH woe
oM HES A3 27] pH 4914 pH 57HA= A&o] F
A8t A F7Fetsl ey pH 6914 pH 87bA= A 9| 53t
AT AFEEE YEid o) 4o ARE Bacillus sp.
HJ-57 v 4534 pHe pH 6.0~709 o=
wEH, o] pHHE = Bl FAMS H2F pHS 7
3 Qe Aoz Azsel WAS WALEd 430 7
A AoR AZtET Lee F[12] WA T g 2
AT Bacillus sp. SD-109] A5 H A5+ 35~40C, pHE
7082 HustdA vlAEe] WgeE ¥ pHe T A
2 FEEA A A 9FE PAe Aoz B
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_1:10
roodt
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m
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2
m{o

ANHste] M-23, M-24 2 M-253
3 FAEAHE AES A7 1247 8 43 & ol A
oF7te] g 3HAS YER) S L b} 24
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Aoz AAEHAUT Lee S[12] PIAES wjFAITE

L

L

P

O
=

Bacillus sp. SD-109] &7 24 A2k nx)= Q&S AR
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Fig. 5. Effect of optimal temperature and initial pH on the growth of the isolated Bacillus sp. HJ-57.
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Fig. 6. Antimicrobial activities according to the culture time of the isolated Bacillus sp. HJ-57. A: M-23, B: M-24, C: M-25. Culture
time of Bacillus sp. HJ-57; a: 12 hr, b: 18 hr, c: 24 hr, d: 36 hr, e: 48 hr, f: 60 hr, g: 72 hr.

Fig. 7. Antifungal activities of Baci/lus sp. HJ-57 against mushroom pathogens on the corn cob containing media. A: M-23, B: M-24,
C: M-25. a: control, b: only mushroom pathogens, c¢: mushroom pathogens plus Bacillus sp. HJ-57 (1:1)

o o]} o] FolA A G5 &ttt o]} AFfE 2 A
Tl A ®-2| 3 Bacillus sp. H]57 gy Ee WA AT
A Al R FFol KAl Az Ao Yeht
A Aol wf-- 83 ﬂ‘?{":’] AESQ Zow ddE
29 2
2 7= 20104 sEFAEFR 7Y AH] Ao
2 FYd AF2A7Y dFolH ofd TAEHUY,
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