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Pyricularia oryzae (P. oryzae), the cause of rice blast, is one of the most important fungal
pathogens of rice. Seventy strains of marine fungi were isolated from marine algae, and it
was measured antifungal activity against P. oryzae. Metabolites of marine fungus A-248.
wh:ch isolated from marine algae showed strong antifungal activity against P. oryzae. The
antifungal substance from the metabolites of marine fungus A-248 was extracted with
ethylacetate, and then purified by preparative TLC and reverse-phase HPLC. The minimum
inhibitory concentration (MIC) value was 0.18 yg/mL for the antifungal activity of the
sutstance purified from A-248 metabolites. The purified substance was similar to antifungal
act.vity of rhizoxin, which is a commercial antifungal agent.
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Introduction

Pyricularia oryzae (P. oryzae), which is respon-
sible for causing blast in rice, is one of the major
pathogens in rice culture because of its widespread
occurrence and destructive nature (Manandhar et
al., 1998a). The pathogenic fungus directly penet-
rates into the rice plant from a cellular structure
called an appressorium that is formed at the tip of
the germ tabe. And the fungus can attack any aerial
part of the rice plant, including seeds, in which the
fungus may overwinter for several years (Manand-
har et al. 1998b). A continuous effort has been
made to control this disease, especially by using
fungicides (Bell and Wheeler, 1986) and breeding
cultivars resistant to the disecase (Bonman et al,
1992). However, these fungicides are adversely effect
on the quality of the rice production, environment,
and breecing of rice. The consecutive use also
brings abcut a problem due to the differentiation of
P. oryzae races, which cause the emergence of new
mutants.
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In recently, pollution problems in the environ-
ment and the toxic effects of synthetic chemicals on
non-target organisms have prompted investigations
on exploiting pesticides of plant origin. Therefore,
an environment-friendly method with biocontrol a-
gents is recognized as an alternative approach to
control this disease (Kim et al, 1997; Lange et al.,
1993). The use of natural fungicides and biological
control by antagonistic microorganisms are a plau-
sible ways to take this approach (Yeo et al, 1994).
The fungicides such as taxol, vinblastin, griseoful-
vin, rhizoxin and flavonoids showed the characteris-
tic curling effect on mycelia of rice plant pathogenic
fungus, P. oryzae, germinated in yeast extract solu-
tion (Kobayashi et al., 1996; Padmavati et al.,, 1997).
Eventhough several studies have reported the iso-
lation of induced resistance in rice under laboratory
conditions, demonstrations in the field are very li-
mited.

In this study, marine fungi producing antifungal
substances were screened and isolated from marine
algae. Antifungal substance against P. oryzae was
purified from the metabolites of marine fungus, and
was elucidated morphological characterization of P.
oryzae by purified compound.
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Materials and Methods

Preparation of conidia suspension

P. oryzae was grown on a slant culture medium
consisted of yeast extract 0.2%, soluble starch 1%
and agar 2% at 27C. The conidia were collected on
12 to 14 days after inoculation by suspending in
sterilized water. The conidia suspension was filtered
to separate from mycelia. The filtrate was added a
2% solution of yeast extract and adjusted to the
concentration of 0.02%. The aliquot of the conidia
suspension was observed under the microscope to
count the number of conidia before adding yeast
extract. The suspension was adjusted to 4X10° con-
idia/mL by adding sterilized water.

Isolation of fungi from marine algae

Marine algae was washed twice with each 2mL
of sterilized 50% seawater containing chloramphe-
nicol in a sterilized test tube, and then steeped in
the same solution (4mL) for 24h in a sterilized
plate. The plate was incubated at 20C for 7 days,
and mycelia were taken to an agar plate (glucose
2%, polypeptone 1%, yeast extract 0.5%, chloram-
phenicol 200 pg/mL, penicillin G 50 yg/mL and agar
2% in 90% seawater, pH 6.5). The agar plate was
incubated at 20C, and the mycelia grown to the
edge of plate was taken to a plate of 1/2 potato
dextrose (PD) agar (a half nutrient, 50% seawater).

The seed culture of marine fungi was preformed
by inoculating mycelia fragments of strain A-248
into 100 mL-Erlenmeyer flasks containing 30 mL of
1/2 PD medium at 20C for 3 days. Five milliters of
this seed culture transferred into each 1 L-Erlen-
meyer flasks containing 300 mL of 1/2 PD medium
(total 3L) at 20T for 21 days.

Measurement of antifungal activity

A 96-well plate was used for the bioassay. The
first, second and last columns were preserved for
positive and negative controls. Rhizoxin was used
for positive control with the final concentrations of
500 pg/mL, 1.67 uyg/mL, 0.56 pg/mL, 0.19 ug/mlL, 0.062
pg/mL, 0021 pg/mL, 6.86 ng/mL and 2.29 ng/mL. One
column of 96-well plate was used for one test ma-
terial with eight different concentrations. The assay
plates were incubated at 27C for 16 h, and the sha-
pe of mycelia germinated from conidia was obser-

ved and compared with controls under an inverted
Microscope (TMS, Nikon Co., Tokyo, Japan).

The indices of hyphal growth inhibition used for
quantitative estimations were divided into five
classes (—, +, +, ++, and +++) according to
the length of mycelia germinated from conidia by
Kobayashi et al. (1996) method.

Purification of antifungal substances

The culture broth (3L) was added 80% (v/v)
acetone 3 L, and then shaken by magnetic stirrer for
1h at room temperature as shown in Fig. 1. The
mixture solution was centrifuged (2,000Xg, 15 min)
at 4C, and then the supernatant was concentrate by
an evaporator. The resulting aqueous solution was
extracted three times each 3 L of ethyl acetate. The
ethyl acetate extract was dried over N. gas and
concentrated in vacuum dryer.

Ethyl acetate extract was further purified using
preparative TLC (PTLC) glass plates (0.5 mm silica
gel 60 F.,, Merck, Darmstadt, Germany). After
development in chloroform-methanol (20:1), the

Culture broth (3L)

1) Added 80% (v/v) ag-acetone, and
shaking for 1 h
2) Centrifuged (2,000Xg, 15 min, 4C)
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Fig. 1. Isolation and purification scheme of anti-
fungal substances from marine fungus
metabolites.
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PTLC plete was divided into fourteen sections from
top to bcttom, which were scraped off the plates.
The fraciions were eluted from the silica with
chloroform-methanol (1:1), and the eluates were
recovered by centrifuging (850Xg, 15min). After
evaporation in vacuum at 40T, the fractions were
dissolved in methanol, and tested for antifungal
activity using a 96-well microplate bioassay.

The active fraction obtained from the PTLC was
further puarified by HPLC (Shimizu Co., Tokyo,
Japan) using a pre-packed ODS Cy column (Deve-
losil ODS-HG-35, ¢20X250 mm, Nomura Chemical
Co., LTD, Japan). The column was developed at a
flow rate 3f 9 mL/min by a step-wise of 70% metha-
nol. Antifungal activity of individual peak was mea-
sured. Thz active fractions were collected and con-
centrated by the evaporator, and then were purified
with mett.anol in the same column.

Results and Discussion

Screening and culture of marine fungus

Seventy strains of marine fungus were isolated
from marine algae, and were measured antifungal
activity against P. oryzae. In the results, marine
fungus A-248 showed a strong antifungal activity
against P oryzae. The antifungal activity of marine
fungus m:tabolites against P. oryzae was measured
by using mycelia shape of P. oryzae under an op-

Index — +
Fig. 2.

tical microscope. Rhizoxin caused the characteristic
curling and swelling effect on mycelia as shown in
Fig. 2. Morphological deformations observed on
mycelia of fungi induced by synthetic agents have
been known (Richmond, 1975) and were applied
for screening of bioactive metabolites (Gunji et al,
1983; Beppu, 1993; Sakamoto et al., 1995). The
screening detected morphological changes of fungal
mycelia grown by 50 uL. cultured broth in 96 well
plates. Comparison of antifungal activity of culture
broths of various marine fungi against P. oryzae
would be made at the same dilution, which are
usually at the same row of 96-well plate.

Marine fungus A-248 showed strong antifungal
activity on pathogenic fungus, P. oryzae. A petri-
dish plate of the strain fungus A-248 grown on 1/2
PD agar was used to inoculate 100 mL Erlenmeyer
flasks containing 30 mL of 1/2 PD broth. The broth
was cultured for 3 days at 20C. Five milliters of the
seed pre-culture were transferred into 300 mL of the
1/2 PD broth (total 3L) in a 1L flask. The culture
was carried out at 20C for 21 days under stationary
condition. The marine fungus A-248 isolated from
marine algae produced the antifungal substance at
20T, and pH 8.0.

Purification and extraction of antifungal sub-
stance

The antifungal substances from culture broth (3
L) of marine fungus A-248 was extracted three

++ +++

Index of antifungal activity against P. oryzae induced by rhizoxin. Conidia were in-

cubated in sterilized water containing 0.02% yeast extract with or without rhizoxin.
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Table 1. Antifungal activity against P. oryzae of fractions isolated by PTLC
PTLC Rf Yield MIC (ug/mL)"
fracion  value  (mg) 40000 13333 4444 1481 494 165 055  0.I8
I 093 03 +9 - - - - - - -
0.88 07 4+ + + - - - - -
3 0.83 11 44+ e+ +F+ + + - - -
4 0.76 21.0 + + - —~ - - - -
5 0.65 71 A+ + - - - - - -
6 0.57 39 44+ 4+ + + - - - -
7 0.52 23 +++ A+ 4 + - - - -
8 0.47 12 +++ + + - - - -
9 0.40 12 +++ A+ A+ A+ o+ + -
10 0.33 04  +++  +++ A+ 4+ + + - ~
11 0.30 L1 +++  F++ e+t + + - - -
12 0.20 0.5 + + + — - - - -
13 0.11 0.3 + + - - - - -
14 0.00 5.5 + * - - — - — -
YMIC, minimum inhibitory concentration.
P+ 4+, ++, +, £, —; levels were estimated by Kobayashi et al. (1996) method.

times with each 3L of ethyl acetate, and the yield
was 51 mg. The PTLC chromotogram was developed
with chloroform-methanol (20:1) using the ethyl-
acetate extract. The PTLC fractions were divided
into fourteen sections from top to bottom (fraction
1 to 14). Fractionates were dissolved in methanol
and tested for antifungal activity using a 96-well
microplate bioassay. Among the antifungal activity
of each PTLC fraction against P. oryzae, fraction 9
(Rf, 0.40) was the highest at minimum inhibitory
concentration (MIC) value 1.65 ug/mL (Table 1),
and yield was 1.2 mg. The shapes observed under
the microscope were curling, swelling and bead sha-
pe indicated the deformation of mycelia.

The active fraction 9 obtained using PTLC was
fractionated by HPLC using a pre-packed ODS col-
umn (Fig. 3). Antifungal activity against P. oryzae
of the each fraction was compared with rhizoxin,
which is the commercial antifungal agent. The anti-
fungal agent, rhizoxin, was showed the characteris-
tic curling and swelling effect at the concentration
of 0.19 ug/mL. The antifungal activity of active frac-
tion purified from marine fungus A-248 by HPLC
was 0.18 yg/mL as MIC value, and yield was 0.8 mg.
The compound was strongly inhibited the hyphal
growth by curling and swelling effect at lower con-
centration (Fig. 4). Inoue et al. (1995) reported that
sonchifolin extracted from leaf extracts of Yacon
(Smallanthus sonchifolius) exhibits the highest
fungicidal activity (EDs value, 22 ppm) against P.
oryzae. Suzuki et al. (1996) reported that 5-(8'Z-

heptadecenyl) antifungal activity of resorcinol iso-
lated from etiolated rice seedlings was about 40 ug/
mL as EDs value. Naringenin and kaempferol show
a significant inhibition of spore germination of P.
oryzae at 7 ug (Padmavati et al, 1997). Earlier stu-
dies demonstrated that while naringenin and saku-
ranetin inhibit spore germination of P. oryzae at 25
ppm and 5 ppm, respectively (Kodama et al., 1992).
Bae et al. (2000) reported that antifungal protein
having antifungal activity (5.9 yg/mL) against P.
oryzae was isolated from Paenibacillus macerans
PMI1. Antifungal activity of compound purified
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Separation of the antifungal substances
from active fraction 9 of PTLC by HPLC.
The separation was performed with step-
wise (70% methanol, 35 min) at a flow
rate of 9 mL/min. Elution was monito-
red at 210 nm.
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Fig. 4. Comparison of curling and swelling eff-
ect of mycelia germinated from conidia
of P. oryzae induced by rhizoxin and an-
ti’ungal substance purified from marine
fungus A-248 metabolite.

Rhizoxin (R1), 1.67 ug/mL; (R2),
0.19 ug/mL; (R3), 0.021 yg/mL.
Prified substance (Al), 14.81 uyg/mL;
(A2), 1.65 ug/mL; (A3), 0.18 ug/mL.

from marine fungus A-248 was comparable to anti-
fungal activity of antifungal compound against P.
oryzae reported in previous studies.

The antiungal compound was soluble in acetone,
cthyl acetate, chloroform, methanol and dimethyl-
sulfoxide, but was insoluble on distillated water.
The antifungal substance strongly inhibited the my-
celial growth of P. oryzae and induced morpholo-
gical changes of the mycelia. These results were very
similar to the antifungal mechanisms of rhizoxin
(Kobayashi et al., 1996), the commercial antifungi-
cidal agen!. Therefore, the substance purified from
A-248 may prove to be valuable as a fungicidal
agent of rce blast disease. Further researches are
required tc find out the chemical structure of the
antifungal compound.
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