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New antifungal activity of penicillic acid against Phytophthora species
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Abstract

Penicillic acid was isolated from a culture filtrate of Aspergillus sclerotiorum. It had a high in vitro antifungal
activity against Phytophthora spp., which has not been previously reported. MICs of penicillic acid were from 1
to 25 µg ml−1 against Phytophthora spp. Penicillic acid induced abnormal branch formation, apical branching,
and swelling in P. capsici, in P. cactorum mycelia contained irregular branching and small spherical swelling at
apices, in P. cambivora there was irregular branching and swelling, and in P. drechsleri there was irregular multiple
spherical swelling at or near hyphal apices.

Introduction

I

Penicillic acid (I) is a secondary metabolite of
Penicillium puberulum Bainier. It possesses antibac-
terial activity against both Gram-positive and Gram-
negative bacteria, and has a high herbicide activity
against various field weeds (Madhyastha et al. 1994,
Michito et al. 1996). It also inhibits the germination
of corn seed, affects the germination of fungal spores,
and affects the overall turnover of the metabolites in
Zea mays (Keromnes & Thouvenot 1985, Deploey
et al. 1996, Ahmad & Eqbal 2002).

In the course of screening for new antifungal
agents against phytopathogenic fungi, Aspergillus
sclerotiorum CGF was found to produce penicillic
acid. This particular antifungal activity of penicillic
acid has not been previously reported. In this paper, we

suggest that because of this activity, penicillic acid has
a potential for the biocontrol of Phytophthora disease.

Materials and methods

Fungal strains

Aspergillus sclerotiorum CGF was isolated from do-
mestic soil sample and identified (S.W. Kang & S.W.
Kim, unpublished work). Phytophthora cactorum, P.
cambivora, P. capsici, P. drechsleri, P. infestans and
P. nicotianae were from our laboratory stock and were
used as the test microorganisms for bioassay.

Production and isolation of penicillic acid

Aspergillus sclerotiorum CGF was cultured on
potato/dextrose/agar (PDA, 4 g potato infusion, 20 g
dextrose, 15 g agar per liter of distilled water) plate at
28 ◦C. Potato/dextrose broth (PDB, 4 g potato starch,
20 g dextrose per liter of distilled water), 100 ml in
a 500 ml Erlenmeyer flask, was inoculated with 10
agar pieces (5 × 5 mm) from a 12-d plate-culture and
incubated at 28 ◦C for 11 d with shaking at 200 rpm.
The culture was filtered through GF/C filter paper and
the filtrate was adjusted to pH 4 and extracted with
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ethyl acetate. Ethyl acetate extract was concentrated
in vacuo and successively purified by silica gel column
chromatography eluted with ethyl acetate/hexane (1:2,
v/v) and then by silica gel column chromatography us-
ing chloroform/methanol (93:7, v/v). Active fractions
were combined and concentrated in vacuo. Crystals
were obtained by repeated recrystallization from ethyl
acetate/hexane.

Spectral measurement

IR spectrum was measured using a KBr disc. NMR
spectra were recorded on AMX500 NMR spectro-
meter (Bruker). 1H and 13C NMR spectra were meas-
ured in deuterated chloroform (CDCl3) at room tem-
perature. FAB-MS was recorded on JMS-700 mass
spectrometer (JEOL).

Bioassay for minimum inhibitory concentrations
(MICs)

A bioassay for the minimum inhibitory concentrations
(MICs) of penicillic acid against Phytophthora spp.
was performed by two methods.

Method I was a paper disc diffusion method on
an overlaid agar plate. Phytophthora spp. were cul-
tured on oatmeal agar (Difco, USA) at 24 ◦C for 7 d.
Five agar pieces (0.5 × 0.5 mm) of fungi were in-
oculated in PDB and incubated at 24 ◦C for 5 d on a
rotary shaker at 150 rpm. Culture broth was homo-
genized at 10 000 rpm at room temperature for 2 min
and a homogenized broth was added to the molten
potato/dextrose/agar and then 5 ml of seeded agar
was overlaid on the PDA plate (87 × 15 mm). Pa-
per discs loaded with the penicillic acid in methanol
were dried in air and placed in the center of the over-
laid agar plates and incubated at 24 ◦C for 5 d. The
amounts of penicillic acid used were 5, 10, 15, 20,
25, 30, 35, 40, 45 and 50 µg/disc. The lowest con-
centrations of penicillic acid where inhibition of fungi
was observed were designated as minimum inhibitory
concentrations (MICs).

Method II was as follows: molten PDA, homogen-
ized culture broth and penicillic acid or Metalaxyl (1,
5, 10, 25, 50 µg ml−1) in distilled water were placed
in petri dishes (60 × 15 mm) and fungi were grown
for 5 d. The lowest concentrations of antifungal agent
where no growth of fungi was observed were evaluated
as the MIC values.

Table 1 Minimum inhibitory concentrations of penicillic acid
(PA) and Metalaxyl (MX) against Phytophthora spp.

Species Bioassay I Bioassay II

PA PA MX

(µg/disc) (µg ml−1) (µg ml−1)

P. cactorum 15 10 <1a

P. cambivora 10 10 >50b

P. capsici 35 25 1

P. drechsleri 15 10 >50

P. infestans <5 <1 >50

P. nicotianae 5 5 <1

a < Represents that the growth of microorganism was inhibited at
the lowest concentration tested.
b > Represents that the growth of microorganism was not inhib-
ited at the highest concentration tested.

Observation of morphological changes of
Phytophthora spp.

A small agar piece of each Phytophthora strain was
placed on the slide glass having the strip of PDA and
incubated at 24 ◦C. After 2 d, a paper disc (50 µg/disc)
soaked with penicillic acid in methanol was deposited
at 3 cm apart from the growth of agar piece. Morpholo-
gical changes of the Phytophthora spp. were observed
under the light microscope.

Results and discussion

The antifungal activity of Aspergillus sclerotiorum
CGF culture filtrate was evaluated. Growth of
Phytophthora spp., amongst various phytopathogenic
fungi that were tested, was inhibited. The growth of
Phytophthora spp. was greatly inhibited, with the dia-
meter of inhibition zone ranging from 41 to 68 mm,
using the paper disc diffusion method. The inhibition
of the germination of P. capsici zoospore has also been
observed (S.W. Kang & S.W. Kim, unpublished work).

The unknown compound was isolated from culture
filtrates and successively purified by using silica gel
column chromatography followed by crystallization
to give white needles from ethyl acetate-hexane. The
FAB-MS spectrum showed a molecular ion peak at
m/z 171.1 (M+H+). The purified compound showed
identical IR spectra as authentic penicillic acid; OH
at 3278 cm−1, C=O at 1742 cm−1 and C=C at
1641 cm−1. 1H NMR (CDCl3) δ 1.75 (3H, s, −CH3),
3.9 (3H, s, −OCH3), 5.13 (H, s, =CH−), 5.17 and
5.47 (2H, s, =CH2), 5.74 (H, s, −OH). 13C NMR
(CDCl3) δ 17.54 (C-7), 60.14 (C-8), 89.54 (C-2),
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Fig. 1. Fungal morphological abnormalities induced by penicillic acid against Phytophthora spp. (A) P. drechsleri, (B) P. cactorum, (C)
P. cambivora, (D) P. capsici, (E) P. infestans. Left: control, right: treatment with penicillic acid. Bar represents 20 µm.

103.56 (C-4), 116.74 (C-6), 139.66 (C-5), 172.08
(C-1), 179.67 (C-3). IR, 1H and 13C NMR data re-
vealed that it was identical to penicillic acid. These
results agree with reported data on mass spectrometry,

nuclear magnetic resonance and infrared spectra of
penicillic acid (Yeh et al. 1978, Pohland et al. 1982).

The antifungal activity of penicillic acid was eval-
uated by measuring mycelial growth inhibition using
the paper disc diffusion method (I). Minimum inhib-
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itory concentrations (MICs) of penicillic acid against
Phytophthora spp. were from 5 to 35 µg/disc. Penicil-
lic acid inhibited the growth of P. infestans at 5 µg/disc
(Table 1).

A second method, Bioassay II, was used to
compare the effectiveness against Phytophthora spp
of penicillic acid and the commercial fungicide,
Metalaxyl. The MICs of penicillic acid were lower
than those of Metalaxyl on P. cambivora, P. drechsleri
and P. infestans. The inhibition of the growth of P. in-
festans, which causes late blight of potatoes, was
at 1 µg ml−1. In the case of Metalaxyl, mycelial
growth of P. infestans, P. cambivora and P. drescheri
were not inhibited up to 50 µg ml−1. Metalaxyl was
more effective against P. cactorum, P. capsici and
P. nicotianae. These results indicated that penicillic
acid has a potential for the biocontrol of Phytophthora
infections.

Activities of various antifungal antibiotics can in-
duce morphological abnormalities of fungi including
hyphal curing, swelling and branch formation (Gunji
et al. 1983). Morphological abnormalities of Phytoph-
thora spp. were induced by penicillic acid (Figure 1):
it caused abnormal branch formation, apical branching
and swelling of growing hyphae, especially in P. cap-
sici. Yoon & Chol (1998) reported abnormal branching
and swelling of P. capsici. Mycelia of P. cactorum con-
tained irregular branching and small spherical swell-
ing at apices. Irregular branching and swelling in
P. cambivora and irregular multiple spherical swelling
at or near hyphal apices in P. drechsleri occurred. Peni-
cillic acid only had a slight effect, spherical swelling
at apices, on the morphology of P. infestans. We think
that this might be related with a relative lower growth
of P. infestans than other Phytophthora spp. (Jee et al.
2000).

Conclusions

Penicillic acid was isolated from A. sclerotiorum CGF
culture filtrate and its structure was confirmed by FAB-
MS, IR, 1H and 13C NMR spectral data. MICs of
penicillic acid were from 1 to 25 µg ml−1 against

Phytophthora spp. and, when compared with those
of a commercial fungicide, Metalaxyl, it shows suf-
ficient potential to be applied to the biocontrol of
Phytophthora disease. Morphological abnormalities
of Phytophthora spp., such as the formation of branch-
ing and swelling of growing hyphae, were induced by
penicillic acid. To verify penicillic acid as a biocontrol
agent, further antifungal studies should be performed
in an in vivo field test.
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