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Production of antioomycete compounds active against the phytopathogens
Phytophthora sojae and Aphanomyces cochlioides by clavicipitoid
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A total of 412 strains belonging to 14 genera of clavicipitoid entomopathogenic fungi (EPF) were screened for activities
against two economically important plant pathogenic oomycetes, Phytophthora sojae and Aphanomyces cochlioides. To
identify the antioomycete compounds produced by EPF, the extracts of 13 highly active EPF strains were characterized in
detail by high performance liquid chromatography with diode array detection and high-resolution mass spectrometric
detection and antioomycete assay. The antioomycete activity of several Metarhizium extracts was associated with pre-
viously isolated aurovertins, fungerin, N-(methyl-3-oxodec-6-enoyl)-2-pyrroline, and N-(methyl-3-oxodecanoyl)-2-pyr-
roline. The depsipeptide beauvericin was confirmed to be one of the active principles of three strains of Isaria tenuipes,
which strongly inhibited mycelial growth of both P. sojae and A. cochlioides. Two known bioactive metabolites, paeci-
losetin and aranorosinol A, together with a novel and potent antioomycete compound, farinomalein, were isolated from
the extracts of Isaria farinosa and all compounds were confirmed to have antioomycete activity. Identification of 8
antioomycete compounds from 13 clavicipitioid EPF demonstrated a new potential use of EPF as a source of compounds
for the control of soil-borne plant pathogenic oomycetes.
� 2013, The Society for Biotechnology, Japan. All rights reserved.
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Aphanomyces cochlioides is the pathogen that causes the
damping-off disease in spinach, sugar beet and some other mem-
bers of Chenopodiaceae and Amaranthaceae, whereas Phytophthora
sojae is responsible for root- and stem-rot disease in soybean (1,2).
Both pathogens belong to Oomycetes, a class that includes some of
the world’s most destructive plant pathogens, which are collec-
tively responsible for multibillion dollar losses in agriculture (3,4).
Therefore, considerable attention has been paid over the last two
decades to the biological control of these plant pathogens (3,5,6).
Although synthetic chemicals have been effective to prevent the
outbreak of such plant diseases for many years, their use has been
significantly reduced either because of potential risks to human
health, environmental pollution, negative effects on non-target
organisms or the development of pest resistance (7e9). Thus, there
is an urgent need to develop alternative control systems to replace
or complement conventional pesticide usage, such as by finding
new and safer natural control agents (7,10e12).

In this study aimed at identifying natural agents as alternatives
to conventional synthetic agrochemicals, we focused on
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clavicipitoid entomopathogenic fungi (EPF). EPF are well-known for
their ability to produce various bioactive compounds during
infection and proliferation in insects (13e15). In addition to their
agricultural use as biological control agents against insect pests, EPF
have been utilized as the bioresource of antibacterial, antiinsectan,
antimalarial, antituberculous, anticancer, and neuritogenic com-
pounds (9,16e18). However, there had been no studies on the
antioomycete activity or the production of antioomycete metabo-
lites of EPF until a recent report by our group (19). We herein
describe the first systematic study of the antioomycete activity of a
wide range of clavicipitoid EPF, with particular emphasis on
the identification of compounds active against P. sojae and
A. cochlioides. Four hundred and twelve strains of EPF were
screened for their biological activity against two economically
important plant pathogenic oomycetes. Mycelial growth inhibition
of A. cochlioides and P. sojae was determined using a dual culture
assay in the preliminary screening and led to the selection of 13
isolates of EPF for further study.
MATERIALS AND METHODS

Fungal strains and culture conditions All chemicals, media and reagents
were purchased from Wako, Japan, unless stated otherwise. Strains of
All rights reserved.

mailto:nihira@icb.osaka-u.ac.jp
http://www.elsevier.com/locate/jbiosc
http://dx.doi.org/10.1016/j.jbiosc.2013.10.014
http://dx.doi.org/10.1016/j.jbiosc.2013.10.014
http://dx.doi.org/10.1016/j.jbiosc.2013.10.014
http://dx.doi.org/10.1016/j.jbiosc.2013.10.014


558 PUTRI ET AL. J. BIOSCI. BIOENG.,
entomopathogenic fungi were isolated from larval cadavers collected from various
sites in Japan. Fungal conidia that developed on the surface of the dead larva were
transferred to SMYmedium and incubated at 25�C for several days. After the conidia
had developed on SMY slants, the strain was kept at �30�C as a stock culture (18).
The isolated strains were identified according to its morphology by one of the
authors (F.I.). The fungi are deposited at the culture collection of National Institute
of Fruit Tree Science, Japan. A total of 412 strains of clavicipitoid EPF (38 species
under 14 genera; Table S1) were used for initial screening. For the first screening,
the fungi were cultivated on potato dextrose agar (PDA) plates supplemented
with 2% powdered silkworm pupa Sanagiko (Maruq Co., Japan) at 25�C for 5e21
days. Forty-seven strains that exhibited strong antioomycete activity in the first
screening were grown in liquid SMYþHP-20 [maltose 4%, yeast extract 1%,
peptone 1%, adsorption resin Diaion HP-20 (Mitsubishi Chemical Co.) 1%] at 25�C
for 7e21 days without shaking for the second screening. The indicator strain,
A. cochlioides AC-5 was grown at 25�C on PDA while P. sojae P6497 was grown at
25�C on V8-juice agar [vegetable juice without NaCl (COOP, Japan) 20% v/v, CaCO3

0.2%, agar 1.8%].

Antioomycete assay The first screening was done by a dual culture agar
assay and the second screening was performed by a cup plate diffusion test. The
antioomycete activity of the extracts and purified compounds was measured by a
disk diffusion susceptibility test.

For dual culture agar assay, entomopathogenic fungi were cultivated on PDA
supplemented with 2% Sanagiko (Maruq Co., Japan) at 25�C for 5e21 days until they
formed spores. The dual culture agar assay was performed by the previously
described method (1) with several modifications. The lawn of the indicator strain
was punched out as an agar plug (8.0-mm diameter) from the leading edge of the
actively growing culture. The agar plugwas placed on a newplate andwas incubated
at 25�C for 3e5 days until the diameter of the lawn reached 2 cm. Similar agar plugs
of entomopathogenic fungi (7-, 14-, or 21-day-old) were then placed 3 cm away from
the center of the indicator strain. The diameter of the inhibition zone was measured
TABLE 1. Antioomycete activity distribution of clavicipitoid

No. Species Number of isolate disp

e �/þ þ
1 Akanthomyces ampullifer
2 Akanthomyces arachnophilus 1
3 Akanthomyces cinereus
4 Akanthomyces gracilis 1
5 Akanthomyces novoguineensis 1
6 Akanthomyces sp. 1 1
7 Akanthomyces pistillariaeformis 3 1 3
8 Aschersonia aleyrodis 2
9 Beauveria bassiana 11 18 23
10 Beauveria brongniartii 1
11 Cordyceps indigotica
12 Cordyceps militaris 2 1 3
13 Cordyceps prolifica 1
14 Cordyceps ramosopulvinata 1
15 Cordyceps sp. 5 1
16 Cordyceps takaomontana 3 1 1
17 Cordyceps tuberculata 1
18 Elaphocordyceps ophioglassoides 1
19 Elaphocordyceps paradoxa 1
20 Gibellula leiopus 3
21 Gibellula pulchra 1
22 Hirsutella neovolkiana 1
23 Hirsutella nutans
24 Isaria cateniannulata 3 4 4
25 Isaria farinosa 4
26 Isaria fumosorosea 4 1 2
27 Isaria sp. 8 1 2
28 Isaria tenuipes 27 13 44
29 Lecanicillium lecanii 1 2
30 Metarhizium anisopliae 1 7
31 Metarhizium flavoviridae
32 Nomuraea rileyi 1 2
33 Ophiocordyceps crinalis 1
34 Ophiocordyceps stylophora 2
35 Polycephalomyces sp. 2
36 Torrubiella aurantia 1
37 Torrubiella minutissima 2
38 Torrubiella superficialis
Total 94 42 97

a Degree of antioomycete activity is expressed by the diameter of inhibition zone (d): N
<3 cm (þþ), strong: 3 � d <4 cm (þþþ), very strong: d � 4 cm (þþþþ).
after the indicator strain in the control plate (without EPF agar plugs) had fully
grown to the edge of the plate.

Antioomycete activity in the culture supernatant was measured by the cup
plate diffusion method in duplicate. A culture grown in liquid SMYþHP-20 me-
dium was centrifuged at 14,000 rpm for 5 min and the supernatant was filtrated
with a 0.2-mm cellulose acetate filter (Advantec, Japan) to remove spores and
mycelia. Two hundred microliters of each culture filtrate was dispensed into a
stainless steel cup (4 ¼ 8.0 mm; TOP, Japan) that was placed 3 cm away from the
edge of the indicator strains grown on the plate as described in the dual culture
agar assay. The compounds in the filtrate were allowed to diffuse into the agar and
the diameter of the clear-zone surrounding each cup was measured after incu-
bation at 25�C for 2e5 days. The in vitro antioomycete activity of the crude extract
was measured by the disk diffusion susceptibility test following the method
described previously (1) with several modifications. The sterile paper disks loaded
with extracts (50 mL/disk) (4 ¼ 8.0 mm; Advantec, Japan) were air-dried on a
laminar hood for 30 min prior to placement on the petri dish. The disks were
placed 3 cm away from the edge of the indicator strains as described in the cup
plate diffusion method. Antioomycete activity of the purified metabolites from the
highly active EPF extracts was verified by testing 50 mg and 100 mg of the com-
pound (90e95% purity) obtained from our group’s metabolite collection (Table S2)
against P. sojae and A. cochlioides. No growth inhibitionwas observed in the control
disks (loaded with 50 mL of only CH3CN or MeOH). The experiment was performed
in duplicate.

Extract preparation for antioomycete assay and high performance liquid
chromatography analysis Forty-seven strains selected for the second
screening were cultivated in 30 mL of SMYþHP-20 for 21 days at 25�C without
shaking. The whole culture broths including mycelia were extracted with 15 mL of
either ethyl acetate (EtOAc) or n-butanol (BuOH), and the mixtures were centrifuged
to separate the solvent layers from the aqueous layers. The solvent layers (1 mL)
were evaporated in vacuo, the residues were re-dissolved in 200 mL of CH3CN, and
entompathogenic fungi cultivated on PDAþ Sanagiko.

laying antioomycete activitya Total number of tested strain

þþ þþþ þþþþ
1 1

1
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1 3
1 1

132 35 12 412

o inhibition (�), very weak: d <1 cm (�/þ), weak: 1 � d <2 cm (þ), moderate: 2 � d



TABLE 2. Metabolite analysis of highly active EPF extracts.

Straina Strain number Activity of BuOH extracta Major metabolite(s)
in BuOH extractb

Activity of EtOAc extracta Major metabolite(s) in
EtOAc extractb

PS AC PS AC

1 Isaria farinosa HF511 2.0 1.0 Aranorosinol A
Paecilosetin

2.0 2.0 Aranorosinol A
Paecilosetin

2 Isaria farinosa HF599 3.0 0 Farinomalein 4.0 0 Farinomalein
3 Isaria tenuipes HF340 2.0 0.8 Beauvericin 1.0 0 Beauvericin
4 Isaria tenuipes HF708 3.0 0.8 Beauvericin 0.8 0 Beauvericin
5 Isaria tenuipes HF822 2.0 0.8 Beauvericin 0.8 0 Beauvericin
6 Metarhizium anisopliae HF574 4.0 1.0 Fungerin 3.0 3.0 Fungerin
7 Metarhizium anisopliae HF608 1.0 1.0 Helvolic acid 2.0 1.0 Helvolic acid
8 Metarhizium anisopliae HF614 3.0 2.0 Aurovertins 0 0 Aurovertins
9 Metarhizium anisopliae HF616 3.0 2.0 Aurovertins 0 0 Aurovertins
10 Metarhizium anisopliae HF619 3.0 1.0 Aurovertins 3.0 0.8 Aurovertins
11 Metarhizium anisopliae HF622 2.0 1.0 Helvolic acid 2.0 1.0 Helvolic acid
12 Metarhizium anisopliae HF625 3.0 1.0 Aurovertins 0 0 Aurovertins
13 Metarhizium flavoviride HF698 4.0 3.0 N-(Methyl-3-oxodec-6-enoyl)-2

pyrroline N-(methyl-3-
oxodecanoyl)-2 pyrroline

4.0 3.0 N-(Methyl-3-oxodec-6-enoyl)-2
pyrroline N-(methyl-3-
oxodecanoyl)-2 pyrroline

a Antioomycete activity of EtOAc and BuOH extracts from liquid cultivation is expressed by the diameter of inhibition zone (cm) against P. sojae (PS) and A. cochlioides (AC) in
antioomycete assay.

b The metabolites were identified by comparison with authentic standards using HPLC-DAD-HRMS analysis.
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the extracts (50 mL) were subjected to bioassay as described previously. For high
performance liquid chromatography (HPLC) analysis, extracts (1 mL) were evapo-
rated in vacuo, re-dissolved in 1 mL of dimethyl sulfoxide (DMSO) and filtrated with
a 0.2-mm polytetrafluoroethylene (PTFE) filter (Advantec, Japan).

HPLC analysis HPLC with diode array detection was carried out on a Varian
Microsorb C18 column (4.6 � 100 mm) using an Agilent HP1100 system equipped
with a photo diode array detector (DAD). The analysis was done at a flow-rate of
1.2 mL/min with a stepwise gradient of CH3CN-0.15% KH2PO4 (pH 3.5) (15%e85% v/
v): 0e3 min, 15%; 3e6 min, 15e40%; 6e12 min, 40%; 12e19 min, 40e55%;
19e22 min, 55e85%; 22e29 min, 85%; 29e32 min, 85 to 15%. The UV spectra were
collected by DAD from 200 to 600 nm. The compounds in the active extracts were
tentatively identified by comparing the retention times and UVeVis spectra of the
peaks with an internal reference standard database and previous data from our
group. The compounds were further characterized and identified by comparison of
their UV spectra, high-resolutionmass spectra and NMR literature datawith those of
authentic standards. HPLC with diode array detection and high-resolution mass
spectrometric detection (HPLC-DAD-HRMS) was carried out using an Imtakt
Cadenza CD-C18 column (2.5�150 mm) on an Agilent 1200 system equipped with a
photo diode array detector (DAD) and coupled to a Bruker micrOTOFQ-II under a
positive ESI mode.
FIG. 1. Antioomycete metabolites from
RESULTS AND DISCUSSION

Screening of clavicipitoid EPF With the aim of evaluating
the potential of EPF as an alternative source of antioomycete
compounds, 412 strains of EPF isolated from various sites in Japan
were investigated. Preliminary screening by dual culture assay
showed that 67.0% (276 strains) exhibited significant inhibitory
activity (diameter of inhibition zone (d) �1 cm) against at least one
of the two phytopathogens P. sojae and A. cochlioides (Table 1).
These active strains were distributed in 25 species of 9 genera out
of the 38 species of 14 genera tested, suggesting that the ability
to produce antioomycete compounds is widely present among
clavicipitoid EPF. The ability of EPF to produce a series of
antimicrobial compounds have been reviewed recently (20) and it
was noted that these antimicrobials might play an important role
in competing for nutrients with other microorganisms,
particularly in the soil habitat. Fungal strains were classified into
entomopathogenic fungi (EPF).
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six groups based on the strength of their activity towards the plant
pathogenic oomycetes as shown in Table S1. The assessment of EPF
revealed that almost half of the active strains (47.5%) exhibited
moderate activity (2 � d <3 cm) against at least one indicator
strain in the initial screening, whereas 17.0% of the strains (47
strains) showed strong (3 � d <4 cm) or very strong (d � 4 cm)
antioomycete activity. These 47 highly active strains were
selected as candidates for further study with a focus on the
identification of antioomycete compounds.

In the second screening, the 47 selected strains were cultivated
in liquid medium under static conditions (without shaking),
because extraction of the antioomycete compounds from solid
culture is laborious and time-consuming. In addition, liquid culti-
vation enables easier scaling-up for the isolation of the active
compounds. Although PDA was used for solid cultivation, liquid
cultivation was conducted in SMY medium, because when culti-
vated on PDB, none of the strains showed any antioomycete activity
against either indicator strain. Twenty-three out of the 47 tested
strains (14 strains of Metarhizium anisopliae, 3 strains of Isaria
tenuipes, 2 strains each of Cordyceps indigotica and Isaria farinosa,
and 1 strain each of Beauveria bassiana andMetarhizium flavoviride)
displayed significant antioomycete activity (diameter of inhibition
zone �1 cm) in the SMY culture supernatant (Table S2). Among
these, we focused on compounds extractable either by BuOH or
EtOAc showing strong activity (diameter of inhibition zone �2 cm)
for identification of the antioomycete compounds that are listed in
Table 2. Neither extracts of B. bassiana nor those of C. indigotica
showed antioomycete activity. A preliminary experiment showed
that the active principle(s) is present in the flow-through andmight
include highly polar compounds such as exopolysaccharides, which
are commonly found in EPF (21).

Isolation and identification of active compounds EPF ex-
tracts which showed strong antioomycete activity were subjected
to HPLC-DAD analysis. Compounds in the extracts responsible for
FIG. 2. Chemical structures, HPLC chromatogram, and UVeVis spectra of antioomycete meta
from M. anisopliae HF574. (c) Aurovertin D from M. anisopliae HF614, HF616, HF619, and HF
enoyl)-2 pyrroline, and N-(methyl-3-oxodecanoyl)-2 pyrroline from M. flavoviridae HF698.
the antioomycete activity were estimated by comparing the phys-
icochemical data (HPLC retention time and UVeVis spectrum) with
those of the compounds registered in our in-house library, a
collection produced in the course of our continuous search for new
metabolites. The compounds exhibiting the activity were identified
further by HRMS and/or NMR after purification. The antioomycete
activity of all compounds was finally confirmed by testing the
authentic standards against P. sojae and A. cochlioides. Typically,
eight compounds [farinomalein, beauvericin, aurovertin D, paeci-
losetin, aranorosinol A, fungerin, N-(methyl-3-oxodec-6-enoyl)-2-
pyrroline (F2A) and N-(methyl-3-oxodecanoyl)-2-pyrroline (F2B)]
were identified as the primary antioomycete compounds from EPF
(Table 2 and Fig. 1).

Two antibiotics, paecilosetin and aranorosinol A from I. farinosa
HF511 were previously isolated in our laboratory with structure
identification by NMR and HRMS analyses (Fig. 2). In this study,
these two compounds were found to be the major metabolites in
the culture extract of HF511 (Fig. 1) and were confirmed to possess
antioomycete activities against both P. sojae and A. cochlioides, as
shown in Table 2. To our knowledge, this is the first report on the
antioomycete activity of the two compounds. Paecilosetin is the
analog of equisetin (polyketide-non-ribosomal peptide (PK-NRP)
hybrid) and was previously isolated from a New Zealand isolate of
I. farinosa (22). However, there has been no report on the isolation
of aranorosinol A from any insect pathogenic fungi (23). In addition
to strain HF511, we have isolated a novel antioomycete compound
bearing amaleimide ring (named farinomalein) from another strain
of I. farinosa (HF599). The details on the isolation and structure
elucidation of this compound have been previously described (19).
Farinomalein showed potent and specific activity against P. sojae
and was confirmed to be the sole active principle of HF599 extract.
Therefore, the principle of antioomycete components from
I. farinosa are paecilocetin, aranorosinol A or farinomalein.

The cyclohexadepsipeptide beauvericin was previously isolated
in our laboratory from the strain I. tenuipesHF633 and the structure
bolites produced by EPF extracts. (a) Farinomalein from I. farinosa HF599. (b) Fungerin
625. (d) Beauvericin from I. tenuipes HF340, HF740, HF822. (e) N-(Methyl-3-oxodec-6-
(e) Aranorosinol A and paecilosetin from I. farinosa HF511.



TABLE 3. Antioomycete assay of metabolites detected in EPF extracts.

No. Compound P. sojae
(50 mg/disk)

P. sojae
(100 mg/disk)

A. cochlioides
(50 mg/disk)

A. cochlioides
(100 mg/disk)

1 Farinomalein þþ þþþ þ þ
2 Beauvericin �/þ �/þ þþ þþþ
3 Aurovertin D þ þþ �/þ þ
4 Helvolic acid - - - -
5 Aranorosinol A þþ þþ þ þþ
6 Fungerin �/þ þ �/þ þ
7 N-(Methyl-3-

oxodec-6-enoyl)-2
pyrroline

�/þ �/þ �/þ þþ

8 N-(Methyl-3-
oxodecanoyl)-2
pyrroline

þþ þþþ þ þþ

9 Paecilosetin þþ þþþ þþþ þþþ
Degree of antioomycete activity is expressed by the diameter of inhibition zone (d):
No inhibition (�), very weak: d < 1 cm (�/þ), weak: 1 � d <2 cm (þ), moderate:
2 � d <3 cm (þþ), strong: 3 � d <4 cm (þþþ), very strong: d � 4 cm (þþþþ).
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was confirmed by HRMS and NMRmeasurement (data not shown).
In this study, this antibiotic was detected in the extracts of three
I. tenuipes strains (HF340, HF708, and HF822). A good correlation
was found between the amount of beauvericin and the anti-
oomycete activity of the I. tenuipes extracts (Table 2 and Fig. 1) in
the early screening and it was later confirmed that beauvericin is
one of the compounds responsible for the antioomycete activity, as
can be seen in Table 3. The stronger activity observed in the BuOH
extracts of HF340, HF708 and HF822 when compared to the EtOAc
extracts seems to be due to the presence of another compound in
the n-BuOH extracts. This compound is identified as a beauvericin
analog based on the UV absorption and HR-MS data. Beauvericin
has been reported to have a diverse array of biological activities in
vitro and has been established to be a virulence factor of the
entomopathogenic fungus B. bassiana (24). The identification of
beauvericin from 4 strains of I. tenuipes in this study also supported
a recent report that beauvericin could serve as a chemotaxonomic
marker of the I. tenuipes complex (25).

We identified three different metabolites from seven active
extracts of M. anisopliae: fungerin from HF574, helvolic acid from
HF608 and HF622, and an array of aurovertins from HF614, HF616,
HF619, and HF625 (Table 2 and Fig. 1). Fungerin, an alkaloidal
compound first isolated from Fusarium sp., is a metabolite of
M. anisopliae and has been shown to exhibit antifungal and insec-
ticidal activities (26,27). In the present study, although the crude
extract of HF574 exhibited strong antioomycete activity against
both indicator strains (Table 2), purified fungerin showed weak
activity against both (Table 3), suggesting that, in addition to fun-
gerin, there is another antioomycete compound in the extract of
HF574. We have previously reported the isolation of helvolic acid
and its new derivative from M. anisopliae HF293 during the
screening of new antibacterial compounds (28). In this study, hel-
volic acid was also detected in a considerable quantity in both
EtOAc and BuOH extracts of HF608 and HF622. However, the
antioomycete activity was most likely attributed to another un-
identified compound(s) present in the extracts of HF608 and
HF622, because purified helvolic acid did not cause any inhibition
on either indicator strain even at a concentration of 100 mg/disk
(Table 3). With respect to aurovertins, aurovertin D was detected as
the major metabolite of strain HF614, HF616, and HF625. The
amount of aurovertin D detected by HPLC-DAD analysis corre-
sponded well with the antioomycete activity of the extracts. We
tested the antioomycete activity of aurovertin D, the major auro-
vertin produced in M. anisopliae, and it showed weak to moderate
antioomycete activity against P. sojae and A. cochlioides. As can be
seen in Table 2 and Fig. 1, a high level of aurovertin D, together with
lower levels of aurovertins E, G, and H, was detected in the BuOH
and EtOAc extracts of HF614, HF616 and HF625. The extracts of
HF619 contain different types of aurovertins, as indicated by the
HPLC-DAD-HRMS data. In a separate study, we have reported the
isolation and structure identification of a series of aurovertin de-
rivatives, including the newly reported aurovertins FeH (29).

In the early screening against oomycetes, Metarhizium flavovir-
idae HF698 showed strong activity against both pathogens. Our
group previously screened this strain for the production of anti-
bacterial, antiyeast and antifungal compounds, which resulted in
the isolation of two highly active antibiotics, N-(methyl-3-oxodec-
6-enoyl)-2-pyrroline and N-(methyl-3-oxodecanoyl)-2-pyrroline
(Fig. 1). These compounds were first isolated from Penicillium bre-
vicompactum and are known to possess strong fungicidal and
insecticidal activities (30e32). It is interesting to note that these
insecticidals have never been reported from any insect pathogenic
fungi. In this study, it was found that these compounds also showed
highly potent activities against P. sojae and A. cochlioides, and
therefore it is concluded that they are the compounds responsible
for the antioomycete activity of this strain (Table 3).

In this study, we systematically screened clavicipitoid EPF for
antioomycete activities and identified 8 bioactive compounds that
have not previously been shown to exhibit antioomycete activities.
Our experience in dealing with metabolites of EPF accelerated the
identification of antioomycete metabolites from EPF. The results
from this work indicate a potential use of the highly active strains of
clavicipitoid EPF as biocontrol agents for plant diseases caused by
P. sojae and A. cochlioides in addition to their current use against
agriculturally important pests. Moreover, the isolation of the new
compound farinomalein from EPF further raised the prospect of
using these insect fungal pathogens as sources for the discovery of
new bioactive compounds.

Supplementary data related to this article can be found at http://
dx.doi.org/10.1016/j.jbiosc.2013.10.014.
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