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Antifungal Effects on Plant Pathogenic Fungi and Characteristics of
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ABSTRACT : A bacterial isolate SJ-2 isolated from sclerotia of Rhizoctonia solani showed an-
tifungal activities against Pyricularia oryzae, R. solani, Botrytis cinerea, and Bipolaris maydis,
but did not against Phyfophthora infestans and Pythium ultimum. The bacterium was iden-
tified as Bacillus subtilis based on morphological and physiological characteristics. Crude an-
tifungal substances were extracted from AM1 (antibiotic medium 1) broth of B. subtilis SJ-2
by butyl alcohol extraction. Production of antifungal substances was peaked at 2 days after
incubation. The antifungal activity of the extracted substances was evaluated on potato dex-
trose agar (PDA) plates incorporated with crude antifungal substances against 16 phy-
topathogenic fungi by measuring growth inhibition. The substances inhibited completely the
growth of P. oryzae, R. solani, B. maydis, and Cochliobolus sativus, and showed over 80%
growth inhibition on Cochliobolus miyabeanus, Alternaria alternata, B. cinerea, Cladosporium
Sfulvum, Colletotrichum gloeosporioides, Fusarium moniliforme, and F. oxysporum. However,
they showed weak inhibition activities against Phytophthora spp. and Pythium ultimum. An-
tifungal substances of B. subtilis SJ-2 were purified and identified as iturins by thin layer
chromatography and high performance liquid chromatography. These compounds caused in-
hibition of spore germination and germ tube swelling of P. oryzae as well as lysis of R. solani
hyphae.

Key words : antifungal substances, Bacillus subtilis, iturins, phytopathogenic fungi.

T4E M e AR A S S A
2 e Fol ot 4L vty & 4 ik Fujita(9)
© %S AHEEHA] S 90 S Y E3) Foy
AaE AR W 2 AR 20~-30%9) FaE
vebyen, AL, B-fole A £ad 4 gloky 5
AT, o8 B g a8 YL Busigc
Wale] Asle D] ok Rt ol WAE
o] A= 23F tia} Abgel| 98 QlSo] e B4
Al g e Ao2w gl glok(, 23). I3 7h4
Mo =R Fal g 712 A HAT] WA S

*Corresponding author.

At 7184 Fobe e AHgska Qo Al
Aola FHAT Ao 2 sl g3, AN
8, AF=A 59 92 FA op1=EYdE, 5,
20). 021 {71 T FAE FEe}] 915t
A3 235 o] FE vHA ero R A Txo)
o]-4, AEA WA, A WA, HAE pofe o
4 5] o] 8H3 glon, 53] HAE Fofe 1 &
A AR A R ol 2 FAE o) g3l A2
FA F4E TE F 7] W] o] Hoke] A=
de] 3= 9loh3, 11, 12, 17).

AEH WAS A% A8 )W B2 = Trichoderma

Spp., Pseudomonas spp., Streptomyces spp., Agro-



166 A g eEA Al 113 A 25, 1995

bacterium spp., Bacillus spp. S¢] \d2| o] &= 7 AF
7h AR T UK, 3,12, 17). o= g ©14E 2
A5 Al o] &3h= AL olH vRlE oA
gt ‘Mycostop (Kemira/S. griseoviridis), ‘Kodiak
(Gustafson/B. subtilis), ‘Binab T(T. viride Fries)7} A&
3 %tH12, 17). o] & ®lAEe] #H3k= diAF B3
o] 3 AL 7= A W3l WAl o] 4=}
Bacillus spp.2] 74-5= A% 944 4 A& A% a3
7} &8 A glen, o] F2 WA XA} (endospore)E 3
Atz f AHAE o] 83t A, 344, f-A4 59
o2 717 AYP22 o]8& F k2, 6,7, 8, 15, 16,
18, 19, 22). F AHA|¥ o} o] & F 4 6671 oAt
o] g7 EAL A= AR dviA Q7] dEl
B o] Eulske g BA B o] 8-S E3ld
AR RS o] 7bed Zelth, 10, 11, 13, 14,
15, 21).

£ AgelMe A g M2 g F
AL 7] f5te B 2 o EeljdoegRe g
A& e A A4 F ¥ ATHE
Z(Rhizoctonia solani)?] {3 oA E-2]gt Alto] &
At GA4& B o] T TAsI oA, #ulsts
T 4L LYAAR FAsa o 2 B4
£ ZAbsksich

Mz W uy

ZeMTel 2el % Y. AYd A3 5=
Ad AF, 7 A, 2 =4, A 5 Ay Al
A AH = Bk W YAFHEH IR solani)
o} F¥& o] 25°C -4 o] 3047 AR’ £ T
& 33l B2e B &5 AAsl E71E AlA
T F AP A (PDA)eN| X447 F kol QA5
I o]xe] el Fo] AL JAFe 7 T
o] AR} T £ Felsle] £ A o] &3t
32 )35}l = Bergey's manual(4)ol] we} of 2] 71|
Az Ashst AL skt

B 2 =AL FEE AYEE T S5
ul 2 (R solani) H ® =AW (Pyricularia
oryzae)oll thatod oz wiFsll S ol ¥ & 84
S el A AFA = EofellA Eeidt SI-
272 Atsle] o] 79 4 2¥EFE ZAICH
ZA} HPH-& PDA plateol] Z3HAd SI-2@s v 94
W (P. oryzae)?] 652 AF WU FHol &3 A
Zsle] 25°C wiefrlolA] 7UdZE HA] wiFRt F A
Z % (inhibition zone)E FA}s}3] o}

37 SEo M Y FE. g EA A4S Y3}
o} Z3A|F SI-2E AMl(antibiotic medium 1; beef
extract 1.5 g, yeast extract 3.0 g, casitone 4.0 g, pep-
tone 6.0 g, glucose 1.0 g, 25 1 L) HA uljje A
Zalo] 28°C A} wjerlolAl 7207} whekeh F wjop
A8 13,000 rpm 2 4087 LA B2l T onjoked
& At wioked & n-hexaned} E(1:1)E
233} B2-& t}A butyl alcohols} E(1: N2 FH
33 F butyl alcohol 3-8 Bl FHI =FEE2
g FA e zAbel AMEch(Fig. 1). 252 &
T 49| 3o spectum e FAEY] A3l 2FEE
< 100 pg/ml7} = A PDA sljA]eo]] Y& ¥ v £y
T(P. oryzae)®] 157l i3t 3 BA & AL
o, 97 24 A4S AT A3 vjof A5E 2AL}
7] $1sko] AM1 93] whx|ollx] 1-827F ekt 3 o
o woFel S ¢je) WP (Fig. 1)o.2 2FSste] W =
AHL(P. oryzae)el] iy oA 235 ZAS o
Al EdzAL v AT At A=Y Y
platedl] F-F3lo] Z3 PDAC| dHE 2557 o
EAS 20uE P £9iE A7 paper disk(8
mm thick, Toyo Roshi Kaisha, Ltd.}& 2233 25°C
w74 3U7t wiFgh F Fode] AR A A=
(inhibition zoneYg FA}3l ).

I Culture broth (AM1 brodil

[ Centrifugating 13,000 rpm for 40 min |

Supe—r:n:ant

Partition with n-hexane and water (1:1)

Aqueous fraction Hexane

Partition with butyl alcohol and water (1:1) iwice

[ Aqueous fraction l

[ Butyl alcohol fraction ]

Evaporation

Crude antibiotics

Fig. 1. Extraction procedure of crude antibiotics of
Bacillus subtilis SJ-2.
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Fig. 2. Procedure of purification of antibiotics produced
by Bacillus subtilis SJ-2.
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Table 1. Growth inhibition of several plant pathogens
by Bacillus subtilis SI-2 in dual culture on PDA

Pathogen Inhibition rate*
Pyricularia oryzae +++
Rhizoctonia solani 4+
Botrytis cinerea 44+
Bipolaris maydis +4++

Cochliobolus miyabeanus ++
Pythium ultimum -
Phytophthora infestans -

a

— :no inhibition, + : 0~5 mm, ++ :
10 mm inhibition of mycelial growth.

5~10 mm, +++ :>
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Table 2. Differential characteristics of antagonistic bacterium SJ-2 and Bacillus subtilis

Characteristic SJ-2 Bacillus subtilis’
Gram staining + +
Rod-shaped + +
Endospore production + +
Catalase + +
Anaerobic growth - -
Voges-Proskauer + +
pH in V-P broth <6 - d
>7 - -
Acid from D-glucose, L-arabinose, D-xylose and D-mannitol + +
Gas from glucose ' - -
Hydrolysis of casein, gelatin, and starch - -
Utilization of Citrate + +
Propionate - -
Degradation of tyrosine - -
Deamination of phenylalanine - -
Egg-yolk lecithinase - -
Nitrate reduced to nitrite + +
Formation of Indole - -
Dihydroxyacetone - ND
Growth at pH 6.8 and 5.7 nutrient broth + +
Growth in 2, 5, 7 and 10% NaCl + +
Growth at 5°C - -
10°C - d
30°C + +

* Data from the Bergey's Manual of Systematic Bacteriology (4).
® symbols; + : positive, — : negative, d : 11~89% of Bacillus subtilis strains are positive, and ND : no data available.

Fig. 3. Inhibition zone formed on the lawn of
Pyricularia oryzae by the crude antifungal substances
produced from Bacillus subtilis SJ-2.
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porioides, Fusarium moniliforme, F. oxysporum->- 80%
ol FAb AL AAst oLt FFA Fhe
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£ YA vebgtoi(Table 3).
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Table 3. Antifungal spectra of the crude antibiotics ex-
tracted from Bacillus subtilis SJ-2 to various fungal
pathogens

Mycelial growth

Pathogen inhibition(%)
Pyricularia oryzae 100
Rhizoctonia solani 100
Bipolaris maydis 100
Cochliobolus sativus 100
Cochliobolus miyabeanus 76.8
Botrytis cinerea 93.1
Colletotrichum gloeosporioides 90.0
Alternaria alternata 80.2
Cladosporium fulvum 86.0
Fusarium moniliforme 98.9
F. oxysporum fs. cucumerium 91.2
F. oxysporum fs. raphani 88.5
Phytophthora capsici 47.1
P. cactorum 0.0
P. infestans 0.0
Pythium ultimum 231

“ The activity of extracted substances was evaluated on
PDA plates incorporated with crude antifungal sub-
stances (100 pg/ml). Mycelial growth inhibition was the
inhibition degree relative to the untreated control.
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Fig. 4. Inhibition effect of the crude antibiotics extracted
from Bacillus subtilis SI-2 on the growth of Pyricularia
oryzae according to the incubation period of the
bacterium on AM1 medium.
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Fig. 5. Thin layer chromatogram of the antifungal
substances from Bacillus subtilis SJ-2 and the standard
chemical. A : antibiotics from SJ-2, B : standard
chemical; iturin, Plate :silica gel GF254 (Merck),
Developing solution : butyl alcohol : acetone : water=4:6:

1 (vW).
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Fig. 6. HPLC separation pattern of the antifungal
substances produced by the antagonistic bacterium SJ-2.
Arrow indicates the same fraction to the standard
chemical. Solvent: 50% MeCN, Column: Bondapak
RCM cartridge(0.8 X 10 cm), Flow rate : 1 ml/min,
Detection : UV 207 nm.
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wdAde] AR (Fig 7), ol AI= Fer
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Fig. 7. Ungerminated, swollen conidia of Pyricularia oryzae and lysed hyphae of Rhizoctonia solani in the presence of
antifungal substances produced by Bacillus subtilis SJ-2. A : ungerminated, swollen conidia and germ tube of P. oryzae

(arrows), B : lysed hyphae of R. solani (arrow).
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