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Penicillium janczewskii K. M. Zalessky was isolated as an endophytic fungus from the
phloem of the Chilean gymnosperm Prumnopitys andina. When grown in liquid yeast extract-
malt extract-glucose broth, the fungus produced two main secondary metabolites. The com-
pounds were for the first time isolated from this species and identified by spectroscopic
methods as pseurotin A and cycloaspeptide A. This is the first report on the production of
cyclic peptides by endophytic fungi from Chilean gymnosperms. Pseurotin A and cycloaspep-
tide A presented low cytotoxicity towards human lung fibroblasts with ICsy = 1000 um. Pseu-
rotin A showed a moderate effect against the phytopathogenic bacteria Erwinia carotovora

and Pseudomonas syringae, with 1Csq values of 220 and 112 ug ml~!, respectively.
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Introduction

Little is known about the metabolites produced
by endophytic fungi of Chilean native plants,
including gymnosperms (Hormazabal et al., 2005;
Schmeda-Hirschmann et al., 2005).

Endophytic fungi are widespread in plants and
represent a relevant component of plant commu-
nities (Gunatilaka, 2006; Owen and Hundley,
2004). The relation of the plant and fungus can
range from symbiosis to parasitism, depending on
the host-invader balance (Kogel et al., 2006). It has
been shown that endophytes protect plants against
pathogens and that host affinity is mediated by the
leaf chemistry (Arnold et al., 2003). Those fungi
have been recognized as a valuable source of
novel bioactive metabolites including taxol, cryp-
tocin, cryptocandin, jesterone, oocydin, isopesta-
cin, the pseudomycins and ambuic acid (Strobel,
2002; Li et al., 1996) as well as podophyllotoxin
(Puri et al., 2006) and volatile organic compounds
(Strobel, 2006).

The metabolite production of endophytic fungi
has been shown to be related with the genotypic
diversity. In a comparative study of Cylindro-
carpon destructans and Heliscus lugdunensis popu-
lations isolated from the roots of a single tree,

Seymour et al. (2004) found a good correlation
between genotype classification and the natural
product patterns of the crude extracts obtained
from the microbial cultures. The role of arbuscular
mycorrhizal fungi and agricultural practices has
been recently revised by Gosling et al. (2006).

Following our studies on bioactive products
from endophytic fungi isolated from Chilean gym-
nosperms, we now report the secondary metabo-
lites produced by Penicillium janczewskii obtained
from the Podocarpaceae Prumnopitys andina
(Poepp. ex Endl) de Laub, known in Chile as
“lleuque”.

Materials and Methods
Isolation and culture

The fungus was isolated from wood pieces col-
lected on the western Andean slopes near Las
Trancas, Chillan as described in a previous report
(Schmeda-Hirschmann et al., 2005). The micro-
organism was identified by Prof. Eduardo Pion-
telli, Universidad Catoélica de Valparaiso; it is kept
at the microbial strain collection of Universidad
de Talca. Penicillium janczewskii was cultured in
yeast extract-malt extract-glucose broth (YMG
broth, 4 g yeast extract, 10 g malt extract, 10 g glu-
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cose in 1 1 water, pH 5.5) in Erlenmeyer flasks
(14.4 1) at 25 °C under constant shaking (150 rpm).
Once glucose in the medium was consumed (13 d),
mycelium and culture broth were separated by
filtration and extracted separately with EtOAc
(3x2 1). Some 640 mg of EtOAc-solubles were
obtained from the culture filtrate and 2.15 g from
the mycelium. The extract obtained from the cul-
ture medium was dissolved in MeOH and perme-
ated in a Sephadex LH-20 column (length, 70 cm;
internal diameter, 2 cm) with MeOH. Some 200
fractions of 4 ml each were collected and pooled
together according to the TLC patterns. Fractions
56-59 (138 mg) were rechromatographed on silica
gel with a petroleum ether (PE)/ethyl acetate
(EtOACc)/EtOAc/acetone gradient. Some 190 frac-
tions were collected and pooled together in 12
groups according to the TLC patterns. The pooled
fractions 5 and 6 were purified by preparative
TLC (silica gel, PE/EtOAc 3:7) affording 30 mg
pseurotin A (1) and 10 mg cycloaspeptide A (2).
The other fractions did not contained compounds
of interest based on TLC analysis and NMR meas-
urements and were not further investigated.

Compounds

Melting points were determined on a Koffler
hot stage apparatus (Electrothermal 9100, Essex,
UK) and are uncorrected. Optical rotations were
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obtained for solutions in CHCI; (concentrations
expressed in g 100 m1~') on a Jasco DIP 370 pola-
rimeter. IR spectra were recorded on a Nicolet
Nexus FT-IR instrument. 'H NMR spectra were
recorded at 400 MHz and '3C NMR data were ob-
tained at 100 MHz on a Bruker spectrometer (0
scale). TLC spots were visualized by spraying the
chromatograms with H,SO4,/EtOH (10:90) and
heating at 110 °C for 3 min. Column chromatogra-
phy was performed over Merck Kieselgel 60, parti-
cle size 0.063-0.200 mm. Mass spectra are pre-
sented as m/z (% rel. int.).

Pseurotin A (1): Colourless crystals, m.p. 162—
163.5 °C. — MS (EI): m/z = 381 [M-50] (1), 365 (2),
347 (4), 315 (37), 242 (64), 155 (45), 105 (100). —
C22H25N08 (CalCd. for C22H25N08: 431441) -
FT-IR: v = 3433, 3292, 2964, 2927, 1723, 1704, 1686,
1637,1080 cm~L. — [a]® = —5° (¢ 0.5 methanol). —
The spectroscopic data agree with those reported
by Bloch and Tamm (1981) and Breitenstein et al.
(1981). — 'H and 3C NMR: see Table 1.

Cycloaspeptide A (2): Colourless resin. — EI-
MS: m/z = 641 (29), 497 (45) [M-144], 421 (10)
(497-76), 378 (7), 352 (19), 306 (9), 266 (20), 232
(9), 150 (34), 134 (100), 120 (31). — C;36H43N50¢
(641). — FT-IR: v = 3316, 1670, 1656, 1632, 1593,
1516, 1447, 753, 702 cm~'. — 'H and '3C NMR: see
Table II.

Table I. 'H and '3C NMR data of pseurotin A (1) (400 and 100 MHz, respectively, CDCl3).

H On d¢ HMBC

2 - 166.53 -

3 - 113.56 s 1.65

4 - 196.45 s 1.65

5 - 92.67 s 8.39

6 - 185.73 s 1.65

7 NH 8.39s - 92,73

8 - 90.25 s 3.43

9 467s 73.15d 8.39, 3.43
10 457d (4.4) 70.82 d
11 473 dd (9, 4.4) 70.63 d 5.56, 4.73
12 525 br dd (11, 9) 12650 d 2.05,5.25
13 5.56 ddd (11, 7.8, 7.8) 137.04 d 0.96, 2.09
14 2.09 dq (7.8,7.3) 2143 t 0.96, 5.25
15 0.96 t (7.3) 14.11 q 137, 21; 2.09
16 1.65's 6.00 q 196, 185, 113
17 - 194.94 s 8.30
18 - 132.38 s -
19,23 8.30 d (8.30, 1.0) 130.70 d 194, 134; 7.63
20, 22 7.47 dd (7.83, 7.80, 1.0) 128.74 d 128, 132
21 7.63 ddd (8.30, 7.80, 1.0) 134.76 d 130; 8.30, 7.63
OMe 3.43s (3 H) 51.76 q 90
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Table II. 'H and '3C NMR data of cycloaspeptide A (2) (400 and 100 MHz, respectively, CDCls).

Residue and On Oc HMBC

position

Alanine
NH 6.96 d (6.9) -
Ca 4.41 dq (6.9, 6.9) 4416 d 16.22,173.72
Cp 0.40 d (6.4) 16.22 q 44.16, 173.72
CcO 17393 s 0.40, 2.87

Phenylalanine

N-CH; 2.87 s 30.10 q 63.37, 173.93
Ca 5.21dd (11.7, 3.4) 63.37d 30.10, 168.06
Cp 2.96 dd (13, 12.2), 34.07 t 129.40

3.48 dd (14.2, 4)

C1 - 137.61 s 7.33

C2, C6 7.16 br d (8.2) 129.40d (2 C) 34.07

C3, C5 733 m 129.18d (2 C) 129.42, 137.61
C4 7.26 m 13433 d
CO - 169.63 s

Leucine
NH 7.30 d (7.8) - 48.89, 169.63
Ca 4.72 ddd (8, 8, 5) 48.89 d 24.88, 41.25, 169.73
Cp 1.36 ddd (13.0, 8.0, 5.5), 4125t 23.32, 48.89, 169.73

1.86 ddd (13.0, 8.5, 5.5)

Cy 1.67 m 24.88 d
CHj; 0.98 d (6.4) 2332 q 24.88,
CHj3; 0.99 d (6.4) 21.96 q 24.88, 41.25
CO - 169.73 s 1.36

Tyrosine

N-CH; 2.69 s 39.13 q 70.1, 169.7
Ca 3.80 dd (11.2, 4) 70.01 d 2.69
Cp 3.35dd (14.2, 11.3), 3212t 70.1, 130.27

3.48 dd (14.2, 4)

C1 - 130 s

C2, C6 6.98 dbr (2 H) (8.6) 130.27d (2 C) 32.12, 154.82

C3,C5 6.79 dbr (2 H) (8.6) 11570 d (2 C) 130.27, 154.82
C4 - 154.82 s 6.79
CO - 168.19 s

o-Aminobenzoic acid

NH 12.00 s - 115.04, 122.27, 168.19
C1 - 115.04 s
C2 - 141.52 s
C3 7.44 dbr (7.8) 126.92 d
C4 6.96 t (7.8) 122.27 d 115.17, 121.03
C5 7.46 t (8.6) 127.25d
Co6 8.86 d (8.6) 120.90 d 115.17, 122.33
CcO - 168.06 s

Antibacterial and antifungal activity

Pseurotin A was assessed for antimicrobial ac-
tivity by the agar diffusion method at a content of
50 ug disk~! towards the following microorgan-
isms: Gram-positive bacteria: Bacillus brevis (local
isolate), Bacillus subtilis (ATCC 6633) and Micro-
coccus luteus (ATCC 381); Gram-negative bacte-
ria: Enterobacter dissolvens (LMG 2683); fungi:
Mucor miehei (Cooney et Emerson Tii 284), Pae-
cilomyces variotti (ETH 44646) and Penicillium
notatum (Collection University of Kaiserslautern,

Germany). The activity of the extracts was esti-
mated by the growth inhibition (in mm) as fol-
lows: < 8 mm, inactive; 8—12 mm, weak activity;
13-15 mm, moderate activity; > 15 mm, strong
activity. As references, the commercial antifungal
benlate [benomyl, methyl-1-(butylcarbamoyl)-2-
benzimidazole carbamate, 50% active ingredient,
50 ug benomyl disk '] and chloramphenicol (30 ug
disk~!) were used.

The antifungal activity of pseurotin A against
Alternaria alternata (Centro Micoldgico, Univer-
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sidad de Rosario, Rosario, Argentina) and Botrytis
cinerea (Instituto de Investigaciones Agropecuar-
ias del Gobierno de Chile, INTA) was determined
by the microdilution assay (Favre et al., 2003) in
96-well microtiter plates. Stock solutions of pseu-
rotin A in DMSO were diluted to give serial two-
fold dilutions that were added to each medium re-
sulting in concentrations ranging from 1.92 up to
250 ug ml~!. The final fraction of DMSO in the
assay did not exceed 2%. The plates were incu-
bated for 7 d at 25 °C. Minimal inhibitory concen-
tration (MIC) was defined as the lowest extract
concentration showing no visible fungal growth
after the incubation time. As references, the com-
mon fungicides iprodione [3-(3,5-dichlorophenyl)-
N-isopropyl-2,4-dioxoimidazolidine-1-carboxamide]
(Systane) and myclobutanil [a-butyl-a-(4-chloro-
phenyl)-1H-1,2,4-triazol-1-propanonitrile] (Rukon)
were used.

The activity of pseurotin A against the phyto-
pathogenic Gram-negative bacteria Erwinia carot-
ovora (INIA) and Pseudomonas syringae (INIA)
was assessed by the microdilution assay (Eloff,
1998) in 96-well microtiter plates. The bacterial in-
oculum was prepared to give approx. 10*-10° co-
lony forming units (CFU) per well. Stock solutions
of the compound in DMSO were diluted to give
serial twofold dilutions that were added to each
medium resulting in concentrations ranging from
1.92 up to 250 ugml~'. The final fraction of
DMSO in the assay did not exceed 2%. The plates
were incubated overnight at 25 °C. To assess bac-
terial growth, the dye 3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide (MTT) was dis-
solved in water (0.5 mg ml~!), added to the micro-
plate wells and incubated at 25 °C for 30 min. The
absorbance was read in a universal microplate
reader (Bio-Tek Instruments, INC, Winooski, Ver-
mont, USA) at 515 nm. The results were trans-
formed to percentage of controls and the 1Cs, val-
ues were graphically obtained from the dose-
response curves. Penicillin G and streptomycin
were used as standard antibacterials.

Cytotoxicity

The cytotoxic effect of the compounds, ex-
pressed as cell viability, was assessed on the per-
manent cell line derived from human lung fibro-
blasts (MRC-5) (ATCC Nr CCL-171). MRC-5
fibroblasts were grown as monolayers in minimum
essential Eagle medium (MEM), with Earle’s salts,
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2 mM L-glutamine and 1.5 g 1-! sodium bicarbon-
ate, supplemented with 10% heat-inactivated fetal
bovine serum (FBS), 100 IU ml~! penicillin and
100 ug ml~! streptomycin in a humidified incuba-
tor with 5% CO, in air at 37 °C. Cells were seeded
at a density of 2.5-10° cells per well in 96-well
plates. Confluent cultures were treated with me-
dium containing the compounds at concentrations
ranging from 3.8 up to 1000 um. The substance was
firstly dissolved in DMSO and then in the medium
supplemented with 2% FBS. The final content of
DMSO in the test medium and controls was 1%.
Cells were exposed for 24 h to the test medium
with or without the compound (control). Each
drug concentration was tested in quadruplicate,
and repeated three times in separate experiments.
At the end of the incubation, the neutral red up-
take (NRU) assay was carried out as described by
Rodriguez and Haun (1999). To calculate the I1Cs
values the results were transformed to percentage
of controls, and the 1Csy values were graphically
obtained from the dose-response curves.

Results and Discussion

From the YMG broth culture of Penicillium
janczewskii K.M. Zalessky, isolated from the
phloem of the Chilean native gymnosperm Prum-
nopitys andina, two compounds were isolated and
identified as pseurotin A (1) and cycloaspeptide A
(2) by spectroscopic means (Fig. 1).

At a content of 50 ug disk~!, pseurotin A was
inactive against Enterobacter dissolvens, Micrococ-
cus luteus and Penicillium notatum but showed a
weak effect on Bacillus brevis, B. subtilis, Mucor
miehei and Paecilomyces variotti with growth inhi-
bition of 8, 8, 7 and 9 mm, respectively. The anti-
fungic effect of compound 1 against Botrytis cine-
rea and Alternaria alternata was low (Table IIT). In
the antibacterial assay against the phytopatho-
genic bacteria Erwinia carotovora and Pseudo-
monas syringae, pseurotin A presented a moderate
activity (Table III), with ICsy values of 220 and
112 ug ml~!, respectively. The effect of pseurotin
A on P. syringae was close to the value observed
for penicillin G, but much higher than that of
streptomycin.

The cytotoxicity of pseurotin A (1) towards hu-
man lung fibroblasts was low, with an ICsq value
of 1000 um while the ICs, value of cycloaspeptide
A (2) was > 1000 um.
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Cycloaspeptide A

Fig. 1. Structure of pseurotin A (1) and cycloaspeptide
A (2) isolated from Penicillium janczewskii.

Pseurotin A has been previously reported from
Pseudeurotium ovalis (Bloch and Tamm 1981;
Breitenstein et al., 1981) and Aspergillus fumigatus
as well as from Pochonia chlamydosporia var. cate-
nulata (Hellwig et al., 2003). Cycloaspeptide A was
first isolated from an Aspergillus species by Ko-
bayashi et al. (1987) and was described from the
psychrotolerant fungus Penicillium ribeum by
Dalsgaard et al. (2004). The close related metabo-
lites psychrophilin A and cycloaspeptide D were
also reported from Penicillium ribeum. Cycloas-
peptide A was also obtained from P. algidum
cultures and exhibited moderate activity against
Plasmodium falciparum with an 1Csq value of
3.5 ug ml~! (Dalsgaard et al., 2005).

Several natural products of different structure
have been reported for P. janczewskii, including
cis-fumagillin (Kwon et al., 2000), quinolinone al-
kaloids (He et al., 2005), peniprequinolone and gli-
ovictin (Schmeda-Hirschmann et al., 2005). A pre-
vious study on the secondary metabolites of
endophytes obtained from Prumnopitys andina,
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Table II1. Antimicrobial activity (ug ml~!) of pseurotin
A and cycloaspeptide A determined by the microdilu-
tion method.

Compound E c P s. B. c A. a.

1Cs 1Cs MIC MIC
Pseurotin A 220 112 >250 125
Cycloaspeptide A - >250  >250 -
Streptomycin 11.1 15.6 - -
Penicillin G 15.6 122.7 - -
Myclobutanil - - 31.3 3.9
Iprodione - - 15.6 31.3
E. c., Erwinia carotovora; P. s., Pseudomonas syringae;
B. c., Botrytis cinerea; A. a., Alternaria alternata; —, not
done.

including P. janczewskii grown on liquid potato-
dextrose medium was reported (Schmeda-Hir-
schmann et al., 2005). The chemical diversity of the
compounds produced by the same species either
isolated from different natural sources or grown in
different media indicates the high versatility of the
fungus in producing natural products and shows
the potential of new research work on endophytic
microorganisms when looking for bioactive pro-
ducts. The potential of this approach when looking
for bioactive fungal metabolites has been outlined
by Gunatilaka (2006) in a recent review. A related
cyclic peptide was produced by a fungal strain ob-
tained from the seed of Avicennia marina.

According to Madi and Katan (1998), when the
filtrate of a liquid culture of Penicillium janczew-
skii was infiltrated into cotton and melon leaves,
it induced systemic resistance protecting the lower
stem portion of both plant species against the
phytopathogenic fungus Rhizoctonia solani, reduc-
ing the incidence of damping-off up to 100%. The
results suggested that the culture filtrate of P. janc-
zewskii triggers the signal transduction cascade
and activates defense genes. A similar effect can
be expected in other plant species. Additional
studies including plant pathogens of the endo-
phytes host should be performed to disclose the
relation of this fungus with the gymnosperm
Prumnopitys andina.

Acknowledgements

E. H. thanks the Universidad de Talca for a
Doctoral grant. We are grateful to the Centro de
Investigacion en Biotecnologia Silvoagricola de la
Universidad de Talca and the Programa “Investi-
gacién y Desarrollo de Productos Bioactivos” for
financial support.



388

Arnold A.-E., Mejia L.-C, Kyllo D., Rojas E.-I,
Maynard Z., Robbins N., and Herre E.-A. (2003),
Fungal endophytes limit pathogen damage in a tropi-
cal tree. Proc. Natl. Acad. Sci. USA 100, 15649-—
15654.

Bloch P. and Tamm C. (1981), Isolation and structure of
pseurotin A, a microbial metabolite of Pseudeurotium
ovalis Stolk with an unusual heterospirocyclic system.
Helv. Chim. Acta 64, 304-315.

Breitenstein W., Chexal K.-K., Mohr P., and Tamm C.
(1981), Pseurotin B, C, D and E. Further new metabo-
lites of Pseudeurotium ovalis Stolk. Helv. Chim. Acta
64, 379-388.

Dalsgaard P.-W., Larsen T.-O., Frydenvang K., and
Christophersen C. (2004), Psychrophilin A and cy-
cloaspeptide D, novel cyclic peptides from the psy-
chrotolerant fungus Penicillium ribeum. J. Nat. Prod.
67, 878-881.

Dalsgaard P-W., Larsen T.-O., and Christophersen C.
(2005), Bioactive cyclic peptides from the psychrotol-
erant fungus Penicillium algidum. J. Antibiot. 58,
141-144.

Eloff J. (1998), A sensitive and quick microplate method
to determine the minimal inhibitory concentration of
plant extracts for bacteria. Planta Med. 64, 711-713.

Favre B., Hofbauer B., Hildering K.-S., and Ryder N.
(2003), Comparison of in vitro activities of 17 antifun-
gal drugs against a panel of 20 dermatophytes by using
a microdilution assay. J. Clin. Microbiol. 41, 4817—-
4819.

Gosling P., Hodge A., Goodlass G., and Bending G.-D.
(2006), Arbuscular mycorrhizal fungi and organic
farming. Agr. Ecosyst. Environ. 113, 17-35.

Gunatilaka A. A. L. (2006), Natural products from
plant-associated microorganisms: distribution, struc-
tural diversity, bioactivity, and implications of their oc-
currence. J. Nat. Prod. 69, 509-526.

He J, Lion U, Sattler 1., Gollmick F.-A., Grabley S.,
Cai J.,, Meiners M., Schunke H., Schaumann K.,
Dechert U.,, and Krohn M. (2005), Diastereomeric
quinolinone alkaloids from the marine-derived fungus
Penicillium janczewskii. J. Nat. Prod. 68, 1397-1399.

Hellwig V., Mayer-Bartschmid A., Miiller H., Greif G.,
Kleymann G., Zitzmann W., Tichy H., and Stadlert M.
(2003), Pochonins A —F, new antiviral and antipara-
sitic resorcylic acid lactones from Pochonia chlamyd-
osporia var. catenulata. J. Nat. Prod. 66, 829-837.

Hormazabal E., Schmeda-Hirschmann G., Astudillo L.,
Rodriguez J.-A., and Theoduloz C. (2005), Metabo-
lites from Microsphaeropsis olivacea (Bonord.) Hohn,

G. Schmeda-Hirschmann et al. - Cycloaspeptide A and Pseurotin A from Penicillium janczewskii

an endophytic fungus of Pilgerodendron uviferum
(D. Don) Florin. Z. Naturforsch. 60c, 11-21.

Kobayashi R., Samejina Y., Nakajima S., Kawai K., and
Udagawa S. (1987), Studies on fungal products XI.
Isolation and structures of novel cyclic pentapeptides
from Aspergillus sp. NE-45. Chem. Pharm. Bull. 35,
1347-1352.

Kogel K.-H., Franken P., and Hiickelhoven R. (2006),
Endophyte or parasite — what decides? Curr. Opin.
Plant Biol. 9, 358-363.

Kwon J.-Y., Jeong H.-W., Kim H.-K., Kang K.-H., Chang
Y.-H., Bae K.-S., Choi J.-D., Lee U.-C., Son K.-H., and
Kwon B.-M. (2000), cis-Fumagillin, a new methionine
aminopeptidase (type 2) inhibitor produced by Peni-
cillium sp. F2757. J. Antibiot. 53, 799-806.

Li J.-Y., Strobel G., Sidhu R., Hess W.-M., and Ford
E.-J. (1996), Endophytic taxol-producing fungi from
bald cypress, Taxodium distichum. Microbiology 142,
2223-2226.

Madi L. and Katan J. (1998), Penicillium janczewskii and
its metabolites, applied to leaves, elicit systemic ac-
quired resistance to stem rot caused by Rhizoctonia
solani. Physiol. Mol. Plant Pathol. 53, 163-175.

Owen N. L. and Hundley N. (2004), Endophytes — the
chemical synthesizers inside plants. Sci. Prog. 87,
79-99.

Puri S., Nazir A., Chawla R., Arora R., Riyaz-ul-Hasan
S., Amna T., Ahmed B., Verma V., Singh S., Sagar R.,
Sharma A., Kumar R., Sharma R.-K., and Qazi G.-N.
(2006), The endophytic fungus Trametes hirsuta as a
novel alternative source of podophyllotoxin and re-
lated aryl tetralin lignans. J. Biotechnol. 122, 494-510.

Rodriguez J. and Haun M. (1999), Cytotoxicity of trans-
dehydrocrotonin from Croton cajucara (Euphorbia-
ceae) on V79 cells and rat hepatocytes. Planta Med.
65, 522-526.

Schmeda-Hirschmann G., Hormazabal E., Astudillo L.,
Rodriguez J.-A., and Theoduloz C. (2005), Secondary
metabolites from endophytic fungi isolated from the
Chilean gimnosperm Prumnopitys andina (Lleuque).
World J. Microb. Biot. 21, 27-32.

Seymour F.-A., Cresswell J.-E., Fisher P-J., Lappin-Scott
H.-M., Haag H., and Talbot N.-J. (2004), The influence
of genotypic variation on metabolite diversity in pop-
ulations of two endophytic fungal species. Fungal
Genet. Biol. 41, 721-734.

Strobel G.-A. (2002), Rainforest endophytes and bioac-
tive products. Crit. Rev. Biotechnol. 22, 315-333.

Strobel G. (2006), Harnessing endophytes for industrial
microbiology. Curr. Opin. Microbiol. 9, 240-244.





