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In this study, to retain a stable bacterial inoculant, Bacillus strains showing antifungal activity were
screened. The improved production, antifungal mechanism, and stability of the antifungal metabolite
by a selected strain, AF4, a potent antagonist against phytopathogenic Botrytis cinerea, were also
investigated. The AF4 strain was isolated from rhizospheric soil of hot pepper and identified as
Bacillus subtilis by phenotypic characters and 16S rRNA gene analysis. Strain AF4 did not produce an-
tifungal activity in the absence of a nitrogen source and produced antifungal activity at a broad range
of temperatures (25-40°C) and pH (7-10). Optimal carbon and nitrogen sources for the production of
antifungal activity were glycerol and casein, respectively. Under improved conditions, the maximum
antifungal activity was 14043 AU/ml, which was higher than in the basal medium. Photomicrographs
of strain AF4-treated B. cinerea showed morphological abnormalities of fungal mycelia, demonstrating
the role of the antifungal metabolite. The B. subtilis AF4 culture exhibited broad antifungal activity
against several phytopathogenic fungi. The antifungal activity was heat-, pH-, solvent-, and pro-
tease-stable, indicating its nonproteinous nature. These results suggest that B. subtilis AF4 is a poten-
tial candidate for the control of phytopathogenic fungi-derived plant diseases.
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Fig. 1. Phylogenetic tree based on 165 rRNA gene sequences showing the positions of isolate AF4 and type strains of some Bacillus

Spp.

Table 1. Influence of different carbon and nitrogen sources on antifungal activity of B. subtilis AF4

Carbon source  Cell growth  Antifungal activity

Nitrogen source

Cell growth  Antifungal activity

(2.0%) (Aso0) (AU/ml) (0.2%) (Ase0) (AU/ml)
None 2.140+0.103 80+2 None 0.165+0.084 0+0
Fructose 2.674+0.095 98+5 (NHy)2SO4 (0.1%) + yeast 3.340£0.137 12242
Glucose 3.229+0.127 103+3 extract (0.1%)

Glycerol Bactopeptone 3.546+0.143 65+2
0.5% 1.894+0.094 95+3 Beef extract 1.591+0.205 0+0
1.0% 2.047+0.144 102+4 Casein
1.5% 2.376+0.173 105+2 0.1% 2.85310.141 103+4
2.0% 2.929+0.099 11242 0.2% 2.948+0.118 126+2
2.5% 3.012+0.083 12443 0.3% 3.343+0.087 131+4
3.0% 3.071£0.153 124+4 0.4% 3.769+0.132 13143
4.0% 3.035+0.075 100+2 0.5% 4.905+0.115 12545

Lactose 1.117+0.088 9543 Corn steep liquor 0.583+0.075 0+0

Maltose 1.985+0.096 95+4 Polypeptone 3.687+0.213 10045

Sorbitol 3.742£0.104 95+2 Tryptone 3.091£0.157 102+2

Sucrose 3.387£0.085 100+3 Yeast extract 5.024£0.117 105+4

(NH4):S04 3.356+0.069 0+0
NHiNO; 4.552+0.082 65+4
KNO; 0.351+0.044 5815
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Table 2. Influence of cultivation temperature on antifungal activ-
ity of B. subtiils AF4

Culture time  Cell growth  Antifungal activity

(day?) (Asso) (AU/ml)
15C 8 0.895+ 0+0
20T 6 1.677+ 96+2
25T 6 2.953+ 105+4
30C 2 3.495+ 13143
35C 2 4147+ 130+£5
40C 2 2.641+ 1044
45T 6 1.953+ 98+6

‘Indicates the culture time of maximum antifungal activity.
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Fig. 2. Influence of initial pH on antifungal activity of B. subtilis
AF4. @, cell growth; M, antifungal activity.
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Table 3. Stability of supernatant from B. subtilis AF4 culture
against heat, pH, solvent and protease treatments

Parameter Relative Parameter Relative
activity (%) activity (%)

pH Solvent
pH 2 60£3 Acetone 9612
pH 3 6012 Acetonitrile 100+0
pH 4 59+5 Dichloromethane 92+5
pH 5 100+0 Propanol 9611
pH 6 100+0 Methanol 96+3
pH 7 10040 Ethanol 10040
pH 8 93+4 Chloroform 96+2
pH 9 90+6 Hexane 9245
pH 10 90+3 Acetic acid 50+4
pH 11 90+5  Protease
Heat Proteinase K 100+0
40C, 1h 100+0 Pepsin 100+0
50C, 1h 100+0
60C, 1h 10040
70C, 1h 100+0
80C, 1h 100+0
90, 1h 10040
100C, 1h 84+6
121°C, 15min 81+4

Fig. 4. Antifungal activity (middle) of B. subtilis AF4 against
B. cinerea and deformations (upper) of B. cirerea hyphae
in the presence of B. subtilis AF4 versus the control
(lower).
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B F deses ¢ 7 AU (Fg 5). gEYote FEA4
FAd EHZ F431H, indole-3-acetic acide Evle] FA4
I B AR Fosts A2 dHA AT(7, 9. =
B A¥AT AEAZAEE £ 842 cellulase, protease,

amylase, lipase® AT F ANSH, Alternaria panax,



Fig. 5. Biochemical parameters showing biological activities of
B. subtilis AF4. Ammonification (left) and control (right)
in peptone water; B, indole-3-acetic acid production (left)
and control (right) in King’s B broth; C, amylase pro-
duction; D, cellulase production; E, protease production;
F, lipase production; antifungal activity against Alternaria
panax (G), Cylinderocarpon destructans (H), Colletotrichum
gloeosporioides (1), Fusarium oxysporum (J), Phytophthora
cactorum (K) and Pythium ultimum (L).

Cylinderocarpon  destructans, ~Colletotrichum  gloeosporioides,
Fusarium oxysporum, Phytophthora cactorum, Pythium ultimum
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