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Table 1. Mycelia growth inhibition of plant fungal pathogens by Bacillus subtilis BS-99-H using the dual culture technique.

Inhibition of mycelia

Disease name

Pathogen

growth (mm)'

Alternaria leaf spot

Collar rot of bamboo

Black rot of wax apple

Graymold rot

Anthracnose of bamboo
Anthracnose of mango
Anthracnose of wax apple
Anthracnose of coffee

Anthracnose of banana
Anthracnose of peacock leaf spot
Anthracnose of pepper
Cylindrocladium fruit rot of wax apple
Stem canker of Indian jujube
Fusarium wilt of lettuce

Fusarium yellow droft of onion
Brown root rot of Cymbidium
Fusarium wilt of watermelon
Panama disease of banana
Pestalotiopsis fruit rot of wax apple
Rice blast

Phytophthora blight of pepper

Rice sheath blight

Southern sclerotium blight of tomato

Southern sclerotium blight of rice

Alternaria sp.

14.50 + 0.58*

Botryodiplodia sp. 10.17 & 0.52"
B. theobromae 10.00 + 0.40"
Botrytis cinerea 11.67 £ 0.94*

Colletotrichum gloeosporioides 8.58 +0.33"
C. gloeosporioides 10.58 + 0.26
C. gloeosporioides 9.83 + 0.13%"
C. gloeosporioides 7.50 = 0.69“

C. musae
Colletotrichum sp.

Colletotrichum sp.

8.23 + (0.22%
8.00 + 0.46%
9.33 £+ Q.42

Cylindrocladium sp. 420 + 0.46®
Fusarium decemcellulare 7.17 £ 0.21¢
F. oxysporum f. sp. lactucum 4.00 £0.23®
Fusarium sp. 8.83 £ 0.25°¢
F. ventricosum 7.50 = 0.58*
F. oxysporum f. sp. niveum 10.83 £ 0.13*
F. oxysporum £. sp. cubense 11.00 + 0.20*
Pestalotiopsis eugeniae 17.50 £ 0.87™
Pyricularia oryzae 9.00 £ 0.52""
Phytophthora capsici 11.82 £ 0.13*
Rhizoctonia solani 11.00 = 0.58*
Sclerotium rolfsii 3.58 £ 0.36"
S. rolfsii 5.83 £0.36°

' Means £ S. D. Numbers with the same upper case letter are not significantly different by Tukey’s test (p <0.05).
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Table 2. Incubation time of Bacillus subtilis BS-99-H on the activity against Pestalotiopsis eugeniae hyphal growth and the

amount of antibiotic iturin A produced using cellophane paper antibiosis test and HPLC analysis

iturin A ¥HE F G IRE 2 VIS TE

. o Inhibition rate of hyphal growth (%) Iturin A(mg/ml)

Day of incubation 3 , 5 p

Non-heated’ Heated Non-heated Heated
1 65.1 £ 1.21° 62.9 = 0.37° 0.08 = 0.00* 0.07 = 0.00*
2 73.7 £ 0.69° 713 £0.75° 0.15 £ 0.03® 0.17 £ 0.00*
3 79.3 £ 0.72°¢ 76.8 £ 0.81° 0.23 £ 0.02° 0.29 £+ 0.00™
4 81.2 = 2.08¢ 80.4 = 0.64° 0.25 = 0.03° 0.49 + 0.00"
5 100.0 = 0.00°¢ 100.0 £ 0.00° 1.59 £ 0.02°¢ 1.24 £ 0.00°¢
6 100.0 = 0.00°¢ 100.0 £ 0.00° 1.82 = 0.05¢ 1.74 £+ 0.00¢
7 100.0 = 0.00°¢ 100.0 £ 0.00° 2.28 =£0.04°¢ 2.33 £0.00°¢
10 100.0 = 0.00°¢ 100.0 &= 0.00° 2.72 £ 0.08" 2.67 £ 0.00f

' Days of BS-99-H incubated on a cellophane paper which was overlaid on a medium. After incubation, the cellophane paper was
removed, and the medium, either non-heated or heated at 90°C for 10 min, was used to test the activity against mycelia growth of P.
eugeniae, and also used for the HPLC analysis.

* The inhibition rate = (Radius of CK colony - Radius of treatment colony) / Radius of CK colony X 100%

#436 Means £ S. D. Numbers on each column with the same upper case letter are not significantly different by Tukey’s test (p<<.05).

K=~ (EHEARE BS-99-H ZNUEMBALATF.Z iturin A BHEE R RHIF RN # AR E
Table 3. Effect of partially purified iturin A extracted from Bacillus subtilis BS-99-H on the spore germination rate of Pesta-
lotiopsis eugeniae

Iturin A (mg/ml) Spore germination rate' (%)
0.12 100.0 = 0.00*
0.25 93.6 = 0.00"
0.49 53.4 £ 0.00°
0.84 0 £ 0.00°
1.24 0 = 0.00°

' Means £ S. D. numbers with the same upper case letter are not significantly different by Tukey’s test (p <.05).
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Fig. 1. The electrolyte leakage from mycelia of Pestalotiopsis eugeniae after an 8-hour treatment by partially purified iturin
A compound from Bacillus subtilis BS-99-H or by acidic nutrient broth (pH 2.0) (CK).
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Fig. 2. The swollen and deformed hyphal growth from ger-
minated spore of Pestalotiopsis eugeniae 12 hrs after treat-
ment with iturin A extracted from culture supernatants of
Bacillus subtilis BS-99-H.
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Fig. 3. Mass spectra detection of iturin A standard (blue curve) and antibiotic iturin A extracted from Bacillus subtilis BS-

99-H (red curve) by using tandem mass spectrometry.
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Abstract
Lin, H. E', Chen, T. H.2, and Liu, S. D.**. 2010. Bioactivity of antifungal substance iturin A produced

by Bacillus subtilis strain BS-99-H against Pestalotiopsis eugeniae, a causal pathogen of wax apple
fruit rot. Plant Pathol. Bull. 19: 225-233 (' Graduate Institute of Bioresources, National Pingtung
University of Science and Technology; > Department of Plant Medicine, National Pingtung University
of Science and Technology; * Graduate Institute of Health and Biotechnology Industry, Meiho
University; 4Corresponding author, E-mail: x0007 @meiho.edu.tw; Fax: +886-8-7789-837)

Using the cellophane paper antibiosis method, an agar disc containing Bacillus subtilis BS-99-H
was placed on a cellophane paper which was overlaid on the surface of an agar medium plate. After
incubation, the cellophane paper was removed, and the medium that was heated at 90°C for 10 min or
non-heated was assayed for the inhibitory activity against mycelial growth of Pestalotiopsis eugeniae.
Inhibition of mycelial growth of P. eugeniae was observed on both heated and non-heated media one
day after incubation, and a complete inhibition can be observed at 5 days post incubation. The extracts
from the heated and non-heated media were analyzed by the HPLC and tandem mass spectrometry (MS/
MS) methods, and iturin A was detected from both media. The partially purified iturin A was found to
cause electrolyte leakage of P. eugeniae mycelia. The leakage was increased 3.4 folds at 8 hours post
treatment and reached maximum increase of 5.3 folds at 28 hours post treatment. Treatment with the
BS-99-H iturin A also caused swelling and malformed shape of the hyphae of P. eugeniae. The 1Cs,
value of iturin A from BS-99-H for inhibition of P. eugeniae conidial germination was 0.51 mg/ml.
The conidial germination and mycelia growth were both completely inhibited by iturin A at = 0.84
mg/ml. The above results indicate that antibiotic iturin A produced by BS-99-H played an important
role in antagonism against P. eugeniae. Therefore, B. subtilis BS-99-H could be a useful organism for

development of a biofungicide agent for biocontrol of wax apple fruit rot.

Keywords: Bacillus subtilis BS-99-H, Pestalotiopsis eugeniae, iturin A
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