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Introduction

Turkey is the biggest producer of hazelnut 
(Corylus avellana L.) in the world, with a total 
cultivation area of more than 600,000 hectares, a 
total annual yield over 800,000 tonnes, and an av-
erage yield of around 1.2 tonnes ha-1 in 2008 (FAO, 
2008). Several bio-constraints negatively affect 
hazelnut production, such as pests, diseases and 
weeds (Anonymous, 1995). Among them Pestalo-
tiopsis guepinii (Desm.) Stey causes hazelnut twig 

blight. P. guepinii was first reported on hazelnut 
in Turkey (Yürüt et al. 1994), and then on walnut 
(Juglans spp.) and gum mastic tree (Pistacia len-
tiscus var. Chia) (Karaca and Erper, 2001; Göre et 
al., 2010). It causes symptoms consisting of blight 
and drying. Small necrotic spots appear on hazel-
nut leaves and shoots at an early stage; the spots 
expand if environmental conditions are favorable. 
Eventually, the leaves wilt and dry, and shoots 
turn brown, especially those on young branches. 

Some plant pathogenic fungi can produce phy-
totoxins which play an important role in the de-
velopment of the disease and in the appearance 
of symptoms, such as chlorosis, necrosis, epinasty, 
and wilting (Yoder, 1980; Ballio and Graniti, 1991; 
Upadhyay and Mukerji, 1997; Evidente and Mot-
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ta, 2001). Different species of Pestalotiopsis have 
been studied for the bioactive secondary metabo-
lites they produce in host-pathogen relationships. 
P. longiseta and P. theae, the causal agents of tea 
gray blight disease, produce three phytotoxins, 
named oxysporone, epiepoxydon and PT-toxin 
(Nagata and Ando, 1989; Nagata et al., 1992); in 
the culture filtrate P. theae (Kimura et al., 1998) 
also produced pesthetoxin. P. oenotherae, the caus-
al agent of leaf spot disease of evening primrose 
(Oenothera laciniata Hill.), produces pestalopy-
rone, pestalotin, hydroxy-pestalotin and oxyspo-
rone (Venkatasubbaiah et al. 1991). Recently, it 
has been reported that Pestalotiopsis spp. produce 
a number of hitherto unknown biologically active 
compounds such as pestalethols A–D (Li et al., 
2008a) and pestalachlorides A–C (Li et al., 2008b). 
However, no phytotoxic metabolites have been re-
ported for P. guepinii. 

In this study, the main phytotoxic metabolite 
produced in vitro by P. guepinii was isolated and 
identified as pestalopyrone by NMR and MS spec-
troscopy. The phytotoxic activity of pestalopyrone 
was assayed and compared with that of nectria-
pyrone, a structurally related metabolite produced 
by Phomopsis foeniculi, and that of its newly de-
scribed dihydroderivative (Evidente et al., 2010b).

Materials and methods 
Isolation of Pestalotiopsis guepinii

A strain of P. guepinii was isolated from blight-
ed hazelnut twigs collected in Trabzon, a province 
of Turkey, and deposited in the collection of Istituto 
di Scienze delle Produzioni Alimentari , CNR, Bari, 
Italy, with accession number ITEM 13203. This 
single-conidial strain was grown on potato dextrose 
agar (PDA) at 23°C with a 12 h day for 14 days. The 
cultures were flooded with sterile distilled water 
(SDW) and spores were scraped off with a sterile 
glass spatula. The conidial suspension was filtered 
through Whatman filter paper to remove fungal 
mycelial fragments, adjusted to 1×106 spores mL-1.
and stored in 15% glycerol at -80°C. 

Production, extraction and purification of pesta-
lopyrone  

To produce the toxic metabolite, the fungus 
was grown on potato broth medium supplemented 
with 2% glucose, in 250 mL Erlenmayer flasks 

each containing 150 mL broth. Each flask was in-
oculated with 150 µL of a P. guepinii spore sus-
pension (106 spores mL-1). Flasks were incubated 
in stationary culture in the dark at 27°C for 7 
days. Culture filtrates (3150 mL) were harvest-
ed by filtering through four layers of muslin and 
then centrifuged at 15300 g for 15 min., assayed 
for phytotoxic activity as described below, and ly-
ophilized. The lyophilized culture filtrate was dis-
solved in distilled water (1/10 of its original vol-
ume) and extracted with EtOAc (4 times with 300 
mL each). The organic extracts were combined, de-
hydrated with Na2SO4 and evaporated under low 
pressure, yielding a brown oil (48 mg). This oil was 
chromatographed by preparative TLC eluted with 
CHCl3-i-PrOH (9.5:0.5, v:v), yielding 11 groups of 
homogeneous fractions. The residue  (2.9 mg) was 
further purified by preparative TLC eluted with 
petroleum ether-Me2CO (8:2, v:v), yielding the 
main metabolite as an anamorphous solid (1.8 mg, 
0.6 mg L-1, Rf 0.34 by TLC, eluent petroleum ether-
Me2CO) identified as pestalopyrone, as reported 
below (1, Figure 1).

Chemical analysis and characterization 

Infra-red spectra were recorded as a glassy 
film on a Perkin-Elmer (Norwalk, CT, USA) Spec-
trum One FT-IR spectrometer, and UV spectra 
were taken in a MeOH solution on a Perkin-Elmer 
Lambda 25 UV/Vis spectrophotometer. 1H spectra 
were recorded at 400 MHz, in CDCl3 on a Bruker 
(Karlsruhe, Germany) spectrometer. MeOH was 
also used as an internal standard. ESIMS were 
recorded on Agilent Quadrupole 6120 LC/MS 
(Waghaeusel-Wiesental, Germany). Analytical 
and preparative TLC was performed on silica gel 
plates (Kieselgel 60 F254, 0.25 and 0.50 mm, Merck, 
Darmstadt, Germany). Spots were visualized un-
der UV light or by spraying previously with 10% 
H2SO4 in methanol and then with 5% phospho-
molybdic acid in ethanol, followed by heating at 
110°C for 10 min. Nectriapyrone (2, Figure 1) was 
isolated from the culture filtrates of a Bulgarian 
strain of P. foeniculi, which was deposited at the 
National Bank for Industrial Microorganisms and 
Cell Cultures, Sofia, Bulgaria, under the accession 
number NBIMCC 8645. Dihydronectriapyrone (3, 
Figure 1) was prepared by catalytic hydrogenation 
of 2 (Evidente et al., 2010b). 
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Biological assays 

For bioassay-driven purification, the culture 
filtrates, organic extracts, chromatographic frac-
tions and pure compounds were assayed with 
a leaf puncture assay on a number of non-host 
plants: Cirsium arvense (L.) Scop., Sonchus olera-
ceus L.  and Chenopodium album L. The test solu-
tions were dissolved in a small volume of MeOH 
(final MeOH concentration 4%) and then diluted 
with distilled water. The three pure compounds 
(pestalopyrone, nectriapyrone and its dihydro-de-
rivative) were tested at a final concentration of 2 
mg mL-1, by applying 20 µL of solution to detached 
leaves previously punctured with a needle. Leaves 
were kept in a moistened chamber under continu-
ous fluorescent lighting. Symptoms were estimat-
ed visually three days after droplet application. 

The pure compounds were also tested for the 
antifungal activity on Geotrichum candidum, for 
the antibiosis against Bacillus subtilis (gram +) 
and Escherichia coli (gram -), and for the zootoxic-
ity against Artemia salina (brine shrimp) larvae, 
according to the protocols described above (Bot-
talico et al., 1990). 

Results 
Purification and chemical identification of phytotox-
ins

The culture filtrate of P. guepinii was extracted 
with EtOAc at pH 5. The organic extract and the 
resulting aqueous phase were assayed for phyto-
toxic activity, and both were found to be toxic in 
the leaf assay, with the aqueous phase being more 
toxic. The organic extract contained various lipo-
philic metabolites, the most important of which 
was purified by two steps of preparative TLC, as 
reported in the Materials and methods section. It 
was obtained as an amorphous solid (0.6 mg L-1) 
and identified as pestalopyrone (1, Figure 2) by 
spectroscopy, essentially 1H NMR and ESIMS. 
This showed IR, UV, 1H NMR and ESIMS(+) spec-
tra identical to those reported for pestalopyrone, 
which was first isolated from P. oenotherae (Ven-
katasubbaiah et al., 1991), and later from an un-
identified fungus separated from the Indo-pacific 
sponge Stylotella sp., when it was isolated togeth-
er with nectriapyrone B and named demehtyl nec-
triapyrone A (Abrell et al., 1994). 

Figure 1. Structures of pestalopyrone, nectriapyrone and its dihydroderivative (1, 2 and 3, respectively).
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Biological assays 

When assayed on punctured leaves, pestalopy-
rone was not very toxic on C. arvense, more toxic 
on S. arvensis, and it caused extensive necrosis on 
C. album leaves, with a spot having a diameter 
of several mm. Nectriapyrone and its derivative 
were both much more toxic than pestalopyrone. 
The necrotic spots were already large on C. ar-
vense and S. arvensis, and were much larger on C. 
album leaves. However, none of these compounds 
had any antimicrobial activity against both bacte-
ria, when tested at up to 50 µg disk-1, nor any zoo-
toxic activity against A. salina larvae. Only pesta-
lopyrone had a weak but clear fungistatic activity 
against G. candidum at 50 µg.

Discussion 

Both the organic extract and the aqueous 
phase obtained after the extraction of the culture 
filtrate of P. guepinii were phytotoxic. Besides the 
toxic metabolite identified in the organic extract, 
preliminary dialysis experiments carried out on 
the aqueous phase (data not shown) detected oth-
er phytotoxic metabolites having a macromolecu-
lar nature, whose identification is in progress. 
The simultaneous occurrence of hydrophilic and 
lypophilic phytotoxic metabolites is not surpris-
ing, since fungi produce a wide array of second-
ary metabolites (Evidente and Motta 2001; Evi-
dente et al., 2010a; b). The culture medium and 
the growth conditions also affect metabolite pro-
duction (Chen and Strange, 1991;  Cruz-Cruz et 
al., 2009; Qui et al., 2009; Evidente et al., 2010a). 

The main lypophilic phytotoxic metabolite was 
identified as pestalopyrone [6-(1’-methylprop-l’-
enyl)-4-methoxy-2-pyrone]. This was previously 
reported as a minor phytotoxic metabolite found 
in the culture filtrate of P. oenotherea, the causal 
agent of leaf spot of evening primrose, where it 
occurred together with oxysporone, which is the 
main phytotoxin biosynthesized by P. oenotherea 
(Venkatasubbaiah et al., 1991). Pestalopyrone 
was also successively isolated together with nec-
triapytone B from an unidentified fungus sepa-
rated from the Indo-pacific sponge Stylotella sp., 
and was then named demehtyl nectriapyrone A 
(Abrell et al., 1994). However, neither of these 
metabolites was reported to have any biological 
activity, and at least pestalopyrone (=demethyl 

nectriapyrone A) was inappropriately described 
as a new a-pyrone.

Pestalopyrone appeared structurally to be 
closely related to nectriapyrone (2, Figure 1), a 
pentaketide monoterpenoid, from which pesta-
lopyrone differs only in not having the methyl 
at C-3 on the aromatic ring. Nectriapyrone was 
first isolated from Gyrostoma missouriense (Nair 
and Carey, 1975) and from Phomopsis obloganta 
(Claydon et al., 1985), and more recenly from a 
Bulgarian strain of P. foeniculi, the causal agent 
of umbel browning and stem necrosis of fennel 
(Foeniculum vulgare Miller). 

The phytotoxic activity of pestalopyrone tested 
on non-host plants was similar to that of nectria-
pyrone and of its dihydroderivative (3, Figure 2). 
Since both nectriapyrone and its dihydroderiva-
tive are significantly more toxic than pestalopy-
rone, it is possible to hypothesize that the double 
bond of the 1-methylpropenyl group at C- 6 of the 
aromatic ring is unessential for phytotoxicity, 
while the methyl group at C-3 is an important 
structural feature. 

In conclusion:  1) this is the first report dealing 
with the in vitro production of phytotoxins pro-
duced by P. guepinii, an important pathogen of 
halzenut in Turkey, the main halzenut producer 
in the world; 2) it is the first report on pestalopy-
rone as the main lipohilic phytotoxin produced by 
P. guepinii; 3) the phytotoxic, antimicrobial and 
zootoxic activity of pestalopyrone was described 
in detail and its antimicrobial and zootoxic activ-
ity was assayed for the first time; the phytotoxic 
activity was tested on different plants showing its 
selectivity; 4) the phytotoxic, antimicrobial and 
zootoxic activity of pestalopyrone was compared 
with that of nectriapyrone and its dihydroderiva-
tive, and with nectriapyrone, a phytotoxin close-
ly related to pestalopyrone first produced by a 
strain of P. foeniculi isolated from infected fennel 
in Bulgaria; 5) the relation between phytotoxin 
structure and activity were also discussed; 6) 
some preliminary experiments on the production 
of high molecular weight hydrophilic phytotoxins 
were reported for the first time from P. guepinii. 
These phytotoxins cause significant phytotoxic 
activity found in the aqueous phase of the culture 
filtrates after the exhaustive extraction of the 
lipohilic phytotoxic metabolites including pesta-
lopyrone.
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