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Chemical diversity and richness of fungal endophytes 
from Costa Rican Palicourea and Psychotria species 

(Rubiaceae)

Wolfgang Hinterdobler & Johann Schinnerl

Screening of fungal endophytes from five Costa Rican Palicourea and three Psychotria 
species (Rubiaceae) growing in the surroundings of the Tropical Rainforest Station 
La Gamba resulted in the identification of strains belonging to the genera Xylaria, 
Arthrinium, Fusarium, Clonostachys and Colletotrichum. Metabolic profiles of isolated 
fungi were analyzed. Several cytochalasin derivatives, piliformic acid as well as the an-
tifungal agents griseofulvin and its derivative 7-dechlorogriseofulvin were identified. 
Additionally, griseofulvin and its 7-dechloro form were found to be sequestered in the 
guttation droplets of four strains. Growth inhibiting effects against various microbial 
test organisms highlight the potential of the isolated fungi to produce powerful anti-
biotic agents.

Hinterdobler W. & ScHinnerl J., 2019: Vielfalt an endophytischen Pilzen und 
deren chemische Diversität von Costa Ricanischen Psychotria und Palicourea 
Arten (Rubiaceae). 
Das Ziel dieser Arbeit war die Untersuchung endophytischer Pilze aus acht Psychotria 
und Palicourea Arten (Rubiaceae) aus dem der Tropenstation La Gamba angrenzenden 
Tieflandregenwald in Costa Rica. Insgesamt wurden 102 Pilzkulturen aus Blättern, 
Sprossen, Früchten und Samen isoliert und dabei konnten Pilze der Gattungen Xylaria, 
Arthrinium, Fusarium, Clonostachys und Colletotrichum identifiziert werden. Cytocha-
lasin-Derivate, Piliformic acid sowie Griseofulvin und 7-Dechlorogriseofulvin konn-
ten als Inhaltsstoffe identifiziert werden. Zusätzlich wurde die chemische Zusammen-
setzung von Guttationstropfen einiger Isolate mit den dazugehörigen Rohextrakten 
verglichen sowie auch die medium-abhängige Produktion von Sekundärmetaboliten 
dieser Pilze getestet. Antimikrobielle Eigenschaften der isolierten Endophyten wurden 
an Bacillus subtilis, Escherichia coli, Candida albicans und Saccharomyces cerevisiae getes-
tet. Diese Ergebnisse dokumentieren das Vorkommen endophytischer Pilze in Psycho-
tria und Palicourea Arten und deren Potential, antimikrobielle Substanzen zu bilden.
Keywords: Palicourea, Psychotria, fungal endophytes, Xylaria, cytochalasin D.

Introduction
Fungi and plants interact in numerous distinct and fascinating ways. Due to the close 
connection of plants and fungi in the rhizosphere, many fungal species are also capable of 
growing entirely inside of plant tissues. All plant organs including flowers and seeds are 
suitable habitats. Besides fungi, also bacteria including actinomycetes are found as colo-
nizers of plants. The ability of microorganisms to completely reside in a living host plant, 
for at least a part of their life cycle, without triggering visible infection symptoms char-
acterizes them as endophytes (Petrini 1991, Wilson 1995). Growing inside their host, 
endophytes encounter a niche with reduced environmental stress and sufficient supply of 
nutrients (Schulz & Boyle 2005). Presence of endophytic fungi has been reported from 
higher plants, ferns and mosses, with the highest diversity observed in the tropics (Arnold 
& Lutzoni 2007, Arnold et al. 2001, Davis et al. 2003). The adaptation to a life with-
in plants lead to a loss of reproduction via spores in some endophytic species. In order to 
persist in the next generation, these fungi are distributed within or on the plant seeds and 
pollen (Hodgson et al. 2014).
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Research on endophytic fungi comprises a wide array of scientific fields. The strong im-
pact of endophytes on plant survival and interaction with the environment has been in-
vestigated extensively. Contribution to plant defense mechanisms and increased resistance 
against pathogens were reported for some prominent and agriculturally important species, 
such as Theobroma cacao L. (cacao tree) (Malvaceae), Hevea brasiliensis (Willd. ex A.Juss.) 
Müll.Arg. (rubber tree) (Euphorbiaceae), and species of the coffee plant genera Coffea sp. 
(Rubiaceae) (Hanada et al. 2010, Gazis & Chaverri 2010, Vega et al. 2010). Being in 
constant contact and competition with various other fungi and bacteria sharing the lim-
ited habitat within their host, fungal endophytes have been highlighted as a promising 
source for the isolation of novel secondary metabolites, often with pronounced biological 
activities (Aly et al. 2010, Schulz et al. 2002, Strobel 2003). The discovery of paclitax-
el (Taxol®), an effective medication in cancer therapy, in the fungal endophyte Taxomyces 
andreana isolated from Taxus brevifolia Nutt. (Taxaceae) (Stierle et al. 1993), resulted in 
extensive research on endophytes of pharmaceutically important plants, and their bioactive 
metabolites. The indole alkaloid vincristine from Catharanthus roseus (L.) G.Don (Apocy-
naceae) and the quinoline alkaloid camptothecin from Camptotheca acuminata Decne. 
(Cornaceae), both used for cancer treatment, were discovered to be also produced by plant 
inhabiting fungal endophytes (Aly et al. 2013). Beside these metabolites previously only 
known from plants, numerous substances with antibiotic activity have been isolated from 
cultivated endophytes (Mousa & Raizada 2013).

Fungal endophytes isolated from plant species of the genera Psychotria and Palicourea 
(Rubiaceae) growing in Costa Rica are in the focus of this study. These two plant gen-
era exhibit an interesting diversity of secondary plant metabolites, e.g. iridoids, alkaloids, 
terpenoids and flavonoids from specific biosynthetic pathways (Berger et al. 2012, 2016, 
2017). To date, a variety of endophytic fungi and bacteria were isolated from Psychotria 
(Govinda Rajulu et al. 2013, Lemaire et al. 2012b) and Palicourea species (Cafêu et al. 
2005, Souza et al. 2004). In continuation of a preliminary screening for the presence of 
endophytic fungi in Psychotria species growing near the tropical field station of La Gamba 
in Costa Rica (Schinnerl unpublished), a closer look was taken at the richness and ca-
pacity of secondary metabolite production of endophytic fungi from eight species of the 
genus Psychotria and the closely related genus Palicourea. To the best of our knowledge, 
this work is the first investigation of endophytic fungal diversity from the selected Psy-
chotria and Palicourea species.

Results

Richness and organ specificity of endophytic fungi

Fungal endophytes were isolated from 15 Psychotria and Palicourea individuals compris-
ing eight species. Leaves, basal and central shoots, mature and immature fruits as well 
as seeds were used for isolation of endophytes. A total of 102 fungal strains were isolated 
(Tab. 1a). From the standard, malt extract-based isolation medium, 92 fungal strains were 
recovered from 68 plant samples, leading to an isolation frequency of 1.35 fungal isolates 
per sample. Selective media supplemented with benomyl or cycloheximide led to the iso-
lation of six and four fungal strains out of 18 and 20 plant samples, respectively. For these 
selective media the isolation frequency reached 0.33 strains per sample for benomyl and 
0.2 for cycloheximide. For Palicourea solitudinum (Standl.) Borhidi, Palicourea elata (Sw.) 
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 Borhidi, Palicourea acuminata (Benth.) Borhidi and Palicourea pilosa (Ruiz & Pav.) Borhi-
di, between 40 to 65 % of the isolated endophytes were collected from leaves followed by 
25 to 40 % collected from stems. For Palicourea tomentosa (Aubl.) Borhidi, 20 % were iso-
lated from leaves and 60 % from stems. Fruits and seeds account for 15 to 20 % of the total 
isolates per plant species (Fig. 1). Ten fungal strains were identified at least at the family 
level by comparison of ITS sequences to the publicly available NCBI database (Tab. 1b).

Host species Sampled 
 individuals

Number of fungal isolates
Leaf Shoot B Shoot C Fruit Fruit I Seed Total

Pal. solitudinum 3 8 7 1 4 20
Pal. elata 3 10 7 3 20
Pal. acuminata 2 12 2 2 3 19
Pal. tomentosa 2 3 2 7 2 1 15
Pal. pilosa 2 5 3 2 10
Pal. winkleri Borhidi 1 4 4 8
Psy. cooperi Standl. 1 2 2
Psy. tsakiana Taylor 1 6 2 8

   Total 102
Basal shoots (B), central shoots (C) and immature fruits (I)
Basale Sprossachsen (B), zentrale Sprossachsen (C) und unreife Früchte (I)

Isolate Identification Host species Organ GenBank accession no.
 whc1 Arthrinium sp. Pal. solitudinum Seed MH465392*
 C5 Xylaria sp. Pal. solitudinum Leaf KY192281
 whd4 Fusarium sp. Pal. elata Leaf MH465393*
 E3 Xylariaceae Pal. acuminata Fruit KY192283
 I8 Arthrinium arundinis Pal. tomentosa Leaf KY192275
 I9 Fusarium proliferatum Pal. tomentosa Shoot KY192276
 R5 Clonostachys sp. Pal. elata Shoot KY192277
 S1 Fusarium proliferatum Pal. pilosa Shoot KY192278
 T2 Arthrinium arundinis Psy. tsakiana Seed KY192279
 W8 Colletotrichum sp. Psy. solitudinum Shoot KY192280

* Hinterdobler et al. in prep..

Tab. 1a: Number of isolated endophytic fungal strains and sampled individuals per plant species. 
– Tab. 1a: Anzahl an untersuchten Pflanzen je Pflanzenart sowie die Anzahl daraus isolierter Pilze.
Tab. 1b: Identified fungal isolates. – Tab. 1b: Identifizierte Pilzgattungen und Arten.
Tab. 1a

Tab. 1b
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Identification and distribution of fungal secondary metabolites
Analysis and extraction of fermentative cultures of a preselected subset of endophytic 
strains led to the identification of eight compounds (Hinterdobler et al. in prep.). The 
fungal isolate whc1 produced the co-chromatographically identified griseofulvin and 
7-dechlorogriseofulvin on solid MEA2 medium (Fig. 2). Under fermentative conditions, 
piliformic acid and cytochalasin D (Fig. 2) were produced in sufficient amounts for isola-
tion and structure elucidation. Liquid cultivation and extraction of the endophytic strain 
whd4 led to the isolation of four novel leucin-derived cytochalasins with one containing 
a rarely described 5/6/5/8-ring system (Hinterdobler et al. in prep.). The fungal me-
tabolite griseofulvin was identified in 35 out of 102 (34.3 %) fungal isolates growing on 
MEA2 medium. 7-dechlorogriseofulvin was present in 30 isolates containing griseofulvin.

Fig. 1: Proportion of fungal isolates from plant organs (leaves, basal (B) and central (C) shoots, fruits 
and seeds). Plant species with more than ten fungal isolates are shown. – Abb. 1: Mengenverhält-
nisse von Pilzisolaten von Blättern, Sprossachsen, Früchte und Samen von Pflanzenarten mit mehr 
als zehn Isolaten.
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Fig. 2: Structures of cytochalasin D, griseofulvin, 7-dechlorogriseofulvin and piliformic acid. – 
Abb. 2: Strukturformeln von Cytochalasin D, Griseofulvin, 7-Dechlorogriseofulvin und (2E)-2-He-
xyliden-3-methylbutandisäure.

Shifts in secondary metabolite production on different growth media was observed in 
the fungal isolates S1 and whc1. Fungi for upscale cultivation were chosen by their abil-
ity to produce HPLC-DAD detectible substances on MEA medium without a match in 
our spectral library. In order to gain a sufficient amount of the compounds for structure 
elucidation, fungi were grown under liquid fermentative conditions. Comparative meas-
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urements of solid and liquid cultures have shown griseofulvin and 7-dechlorogriseoful-
vin no longer to be produced by whc1 growing in liquid medium (Hinterdobler et al. 
in prep.). A similar change in the metabolite profile was observed for the isolate S1. This 
strain produced three substances with similar UV spectrum but different retention times 
growing on MEA2. Cultivated under fermentative conditions in liquid medium (ME), 
these metabolites were no longer detectable and therefore the extract not further fraction-
ated (data not shown).
For comparative analysis of plant and fungal secondary metabolites, fungal cultures and 
the corresponding host plant organs were analyzed by HPLC. Subsequently, plant organ 
extracts were cross checked for the production of substances known from fungal cultures. 
None of the fungal metabolites produced in culture were found in the plant crude extracts.

Analyses of aerial guttation droplets
Guttation droplets were collected from four fungal isolates (whc1, D1, L1, W2) and their 
secondary metabolite composition was qualitatively compared to the corresponding fungal 
crude extracts (Fig. 3). Griseofulvin and 7-dechlorogriseofulvin, produced by these strains 
growing on the agar medium MEA1, were deposited in the guttation droplets. In addi-
tion, hydrophilic medium ingredients and the antibiotic additive chloramphenicol were 
also identified as part of the guttation liquid.

Fig. 3: Qualitative comparison of HPLC chromatograms at 230 nm of collected guttation droplets 
(orange) and the crude extracts of the corresponding fungus (green). From top to bottom: whc1, 
D1, L1, W2. Pile of peaks on the left represents hydrophilic components from the growth medium 
MEA1. Highlighted peaks: Chloramphenicol (C), 7-dechlorogriseofulvin (D) and griseofulvin (G). 
– Abb. 3: Vergleichende HPLC Chromatogramme von Guttationstropfen mit den mit den Roh-
extrakten der korrespondierenden Pilze. Von oben nach unten: whc1, D1, L1, W2. Markierte Peaks 
entsprechen Chloramphenicol (C), 7-Dechlorogriseofulvin (D) und Griseofulvin (G).
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Bioassays
Metabolites that are constitutively sequestered into the growth medium were tested for 
their anti-microbial effects on Escherichia coli and Bacillus subtilis. Additionally, a sub-
set of fungi was tested against Saccharomyces cerevisiae and on Candida albicans (Tab. 2). 
Due to further diffusion into the bacterial growth medium, a zone of inhibition was vis-
ible around the agar plug if an antibiotic substance was present. For E. coli, only the fun-
gus C5 showed bacterial growth inhibition around the plated agar plug. The growth of B. 
subtilis was inhibited by seven fungal isolates. The isolates I8 and N1 inhibited growth of 
S. cerevisiae whereas none of the tested strains showed inhibitory effects against C. albicans.

Microbial test organisms
Fungal isolates E. coli B. subtilis S. cerevisiae C. albicans
 C5 Xylaria sp. x - -
 E3 Xylaria sp. - Ӿ -
 I3 - - Ӿ -
 I8 Arthrinium arundinis - - x
 I9 Fusarium proliferatum - x -
 N1 - - - x
 R5 Clonostachys sp. - x -
 S1 Fusarium proliferatum - x -
 T2 Arthrinium arundinis - x -
 W8 Colletotrichum sp. - Ӿ -

No inhibition (-), inhibition growing on MEA2-C (x) and MYEA (Ӿ) medium
Keine Aktivität (-), Aktivität, bei Wachstum auf MEA2-C (x) und MYEA(Ӿ) Medium

Discussion
Richness and organ specificity of endophytic fungi

Multiple fungal species exist side by side inside the plant tissue. In order to increase the 
chance of harvesting a high diversity of cultivable strains, repetition of the isolation pro-
cess is necessary. Faster-growing or more competitive species dealing best with the of-
fered medium, tend to overgrow slower-growing or later-emerging ones. In order to over-
come this phenomenon, selective isolation media containing fungal growth-inhibiting 
substances were applied, as used for the isolation and a priori classification of pathogenic 
fungi (Tsao 1970).

The inhibitory effect of these additives favors a subset of resistant, stress-tolerant or slow-
growing fungi, increasing the species output. Beside this well-known technique, the plant 
fragment size for isolation also influences recovered fungal diversity. The reduction of frag-
ment size comes with an increased cutting margin where the hyphae have access to the 
provided medium. It is estimated that one leaf fragment of 4 cm² harbors half of the leaf-
inhabiting fungal diversity (Gamboa et al. 2002). With the used fragment size and repeti-
tion of the process in the present work, 1.35 fungal strains per plant sample were isolated. 
Gamboa & Bayman (2001) described an isolation frequency of 1.4 fungal species per sam-
ple for Guarea guidonia (L.) Sleumer (Meliaceae) with 20 mm² fragments and increased the 
frequency to 2.9 by the use of 4 mm² pieces. The time between collection work in Costa 

Tab. 2: Fungal isolates with anti-microbial effects on applied test organisms. – Tab. 2: Pilzisolate mit 
antimikrobieller Wirkung gegen die verwendeten Testorganismen.
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Rica and axenic cultivation of single strains is also considered a major factor influencing 
the isolation frequency. Growing together in one petri dish, representing an artificial envi-
ronment, more competitive fungi can overgrow others, leading to a less representative fun-
gal composition. The use of selective media reduced the isolation frequency to a fraction 
in comparison to the standard medium. The low output indicates a strong suppression of 
growth for most fungal species emerging on the standard medium. For isolation work in 
Costa Rica, benomyl and cycloheximide were prior added to the isolation medium. Ben-
omyl was shown to inhibit ascomycetous fungi but has minor effects on basidiomycetes 
(Summerbell 1993). Cycloheximide is an antifungal antibiotic and, like benomyl, is used 
for fungal classification (Salkin 1975). The successful increase of diversity by the addition 
of selective agents to the isolation medium depends on the fungal species present as endo-
phytes and the processed plant organ. The latter is argued by Bills & Polishook (1992) as 
a possible result of higher diffusion of the selective agent into small leaf fragments. Despite 
an increased isolation of fungal endophytes from Carpinus caroliniana Walter (Betulaceae) 
bark disks using cycloheximide medium, the isolation using cycloheximide and benomyl 
for Chamaecyparis thyoides (L.) Britton, Sterns & Poggenb. (Cupressaceae) leaves hindered 
fungal growth and isolation (Bills & Polishook 1991, Bills & Polishook 1992). An 
optimization of the isolation process regarding the plants’ properties and different organs 
might increase the output of cultivable endophytes.

The identified fungal genera and species fit well in the expected diversity of a tropical en-
dophyte community. Fungal species belonging to the Xylariaceae family are regularly en-
countered endophytes and saprobes in the tropics (Rogers 2000). The genus Arthrinium 
harbors typical endophytic species as well, but also human- and phytopathogens. Arthrin-
ium species have further been proven a good source for novel anti-microbial metabolites 
(Crous & Groenewald 2013, Ramos et al. 2010). Fusarium proliferatum on the other 
hand is a typical crop pathogen but is also found frequently as an endophyte in healthy 
leaves of various plant species (Stępień et al. 2011). Like Fusarium, also Colletotrichum 
species were described as endophytes in Theobroma cacao and Taxus × media (Taxaceae) 
(Rubini et al. 2005, Xiong et al. 2013). One Colletotrichum species similar to the strain 
W8 was isolated previously from Trichilia tuberculata (Triana & Planch.) C. DC. (Melia-
ceae) from Costa Rica (GenBank accession number KU204655). One isolate could be as-
signed to the genus Clonostachys. This genus harbors also entomopathogenic species that 
colonize leafhoppers and nematodes (Toledo et al. 2006, Zhang et al. 2008). The rela-
tively small sample size in this study already shows the huge diversity of species and eco-
types that exist side by side in such an extraordinary niche as the inside of the plant body. 
From the plant’s perspective, the genera and species identified here range from real mutu-
alists providing an additional chemical reservoir against pathogens to temporarily silent 
saprobes and plant pathogens. The endophytic lifestyle provides an advantage for saprobes 
in early colonization and degradation of dying plant parts. The entomopathogenic fungi 
use their endophytic state as an effective way to colonize insects feeding on these plants 
and therefore can also be seen as mutualists against herbivores.

The ubiquity of fungal endophytes encountered in seeds is striking. Vertical transmission 
of endophytes within plant seeds in contrast to horizontal transmission via spores was 
highlighted for several herbaceous eudicots. Endophytes found within and on pollen were 
also collected from seeds, leading to the assumption of an infection of seeds via the pollen 
tube (Hodgson et al. 2014). Some vertically transmitted fungi have lost their ability to 
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produce spores and thus rely on distribution via the plant (Steiner et al. 2006, Steiner & 
Leistner 2012). Bacterial endophytes collected from Psychotria were also found to be part-
ly transferred vertically (Lemaire et al. 2012a). The early infection of the plant seedling 
is thought to be a first ecological defense mechanism against pathogens as it was shown 
for the tropical tree Theobroma cacao (Hodgson et al. 2014, Arnold et al. 2003). The 
expansion of the screening process to anthers and pollen in future studies as well as the 
controlled infection of in vitro cultivated plants with endophytes might give insights into 
early fungal colonization tendencies and potential protection mechanisms for the seedling.

Identification and distribution of fungal secondary metabolites

The identified griseofulvin is an antifungal secondary metabolite produced by various 
fungal genera and was first isolated from Penicillium griseofulvum (Petersen et al. 2014, 
Oxford et al. 1939). The so-called curling factor produced by P. janczewskii, which leads 
to abnormal growth of hyphae in co-cultured fungi was identified as griseofulvin by Brian 
et al. (1949). Griseofulvin was isolated from an endophytic Xylaria species from Palicourea 
marcgravii A.St.-Hil. and was shown to be active against Cladosporium cladosporioides and 
C. sphaerospermum (Cafêu et al. 2005). Furthermore, this compound is produced in vitro 
by Xylaria cubensis, an endophyte of Asimina triloba (L.) Dunal (Annonaceae) and Sily-
bum marianum (L.) Gaertn. (Asteraceae), and by a Nigrospora species isolated from Mor-
inga oleifera Lam. (Moringaceae) (Sica et al. 2016, Zhao et al. 2012). Piliformic acid is 
frequently found in xylariaceous fungi and close relatives (Chesters & O’Hagan 1997). 
It was further identified to be part of the chemical profile of one Xylaria strain isolated 
from mangrove trees in South China and the marine fungus Halorosellinia oceanica from 
Thailand (Liu et al. 2006, Chinworrungsee et al. 2001). Cytochalasin D is another 
well-known fungal metabolite with actin-polymerization-inhibiting properties (Casella 
et al. 1981). Cytochalasins are produced by a wide range of ascomycetous and basidiomy-
cetous fungal genera (Scherlach et al. 2010). Cytochalasin derivatives have been isolated 
from various fungal endophytes belonging to the genera Aspergillus, Chaetomium and Xy-
laria (Lin et al. 2009, Ming Ge et al. 2008, Espada et al. 1997). The cytochalasin D de-
scribed here was identified in one Tubercularia isolate from Taxus mairei (Lemée & H.Lév.) 
S.Y.Hu (Taxaceae) and one Xylaria species found in Palicourea marcgravii (Li et al. 2009, 
Cafêu et al. 2005).

Severe media-dependent changes in the metabolite pattern were observed in the fungal 
strains whc1 and S1. Paranagama et al. (2007) reported a shift from the production of 
the polyketide chaetochromin A in liquid medium to radicicol as the main metabolite pro-
duced on solid medium by Chaetomium chiversii. Furthermore, an addition of six substanc-
es to the metabolic profile of Paraphaeosphaeria quadriseptata was observed by adding tap 
water instead of distilled water to the medium. The screening for a broad fungal metabo-
lite spectrum by a systematic change of culture conditions is highlighted in the OSMAC 
approach (one strain many compounds) by Bode et al. (2002). Using this approach, novel 
substances were described for Streptomyces species, sponge-associated and endophytic fungi 
(Rateb et al. 2011, Christian et al. 2005, Hewage et al. 2014). Considering the effects 
of slight modifications of the medium composition, oxygen availability or temperature to 
the production of metabolites, the output of novel structures can be increased at a small 
scale. Regarding the high variability of fungal secondary metabolite production in vitro, 
the presented results are viewed as preliminary due to limited variation of media applied. 
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The total loss or appearance of single substances in the metabolite profile gives a hint to 
the vast, unseen biochemical potential of these fungi.

Analysis of aerial guttation droplets
The excretion of liquid exudates of basidiomycetous fruiting bodies in their natural habitat 
is known to most mushroom collectors and connoisseurs. Under axenic in vitro conditions 
some ascomycetous fungal species also tend to produce exudate droplets on top of their 
aerial mycelium. These sequestrations are well documented in literature and their chemi-
cal constituents have been investigated for a variety of fungal species (Gareis & Gareis 
2007, Gareis & Gottschalk 2014, Hutwimmer et al. 2010). In analogy to a similar 
plant phenomenon, these excretions are called guttation droplets. Regarding their func-
tion, external storage of secondary metabolites and water to cope with the unfavorable en-
vironment of the growth media were discussed (McPhee & Colotelo 1977, Jennings 
1991). The presence of griseofulvin in guttation droplets at an even higher concentration 
than in the mycelium was observed by Sica et al. (2016) for Xylaria cubensis. External stor-
age of antifungal substances like griseofulvin might be used as a backup defense system to 
hold on to the colonized, limited medium. The medium ingredients present in the drop-
lets seem to be a byproduct of the sequestration of water. The occurrence of small amounts 
of chloramphenicol in the droplets is direct evidence that this substance is taken up by 
the fungus. This raises the question of whether the use of chloramphenicol in the growth 
medium influences growth or even secondary metabolite production. However, the depo-
sition of chloramphenicol indicates that it is not entirely metabolized until it reaches the 
guttation droplets. Its function as a trigger for substance production or being partly used 
as substrate cannot be excluded.

Screening for anti-microbial effects
Endophytic fungi have been reported as a promising source for anti-microbial compound 
isolation (Mousa & Raizada 2013). In total, 9.8 % of the tested fungal isolates showed 
growth-inhibiting effects against one of the applied test organisms. Antibacterial activity 
against B. subtilis was earlier reported for one Xylaria strain isolated from Psychotria bisul-
cata Wight & Arn. (Govinda Rajulu et al. 2013). Regarding the close interaction of en-
dophytes with their host and other microorganisms residing within the same limited space, 
the ability to produce antibacterial and antifungal substances is essential. The defense of 
the colonized fungal habitat comes hand in hand with an increased defense of the host 
plant against pathogens (Arnold et al. 2003). These results reveal fungal endophytes from 
Psychotria and Palicourea species as a promising source for the discovery of antimicrobial 
compounds. As mentioned before, secondary metabolite production is highly dependent 
on the applied cultivation medium. The agar plug diffusion assay is a basic assay for the 
evaluation of a priori produced defense chemicals. As the active principle of the inhibition 
is not known, this screening underlines the potential for the discovery of antimicrobial 
substances from the examined endophytes but leaves open further questions on the struc-
ture and media-dependency of the involved metabolites.

Evaluation of applied methods
Research on endophytic fungi is highly dependent on the methods used for isolation and 
cultivation. Several surface sterilization procedures using sodium hypochlorite (NaOCl), 
ethanol or formaldehyde for plant samples have been evaluated and proven to be suit-
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able for endophyte isolation by Schulz et al. (1993). Tropical environments are known 
for their commonly occurring epiphytic mosses, ferns and algae. Considering the highly 
colonized surfaces of tropical plants, a rather strong sterilizing protocol was used for the 
isolation process in Costa Rica. Highly sensitive endophytes might be harmed also inside 
the plant tissues by the applied disinfectants. This effect has to be taken into account re-
garding the cultivated endophytic diversity observed after isolation. The diversity is also 
strongly affected by the ability of the present fungi to grow on the isolation media thus 
leading to many fungal strains and species staying undetected if the given medium does 
not fit their needs (Schulz & Boyle 2005). Beside these limitations of the isolation pro-
cess, one must reconsider the definition of endophytes. In this study, all fungi growing 
within the sampled, healthy plant organ are considered endophytes. This may also include 
latent pathogens which do not trigger any visible virulence symptoms in the plant at the 
moment of harvesting. The used antifungal additives in the selective isolation media were 
chosen based on availability and literature search. Besides cycloheximide, benomyl and the 
antibacterial chloramphenicol, several other antifungal and antibacterial additives (e.g. cy-
closporine A, natamycin and rose bengal) are commonly used for pre-selective isolation of 
fungal endophytes (Stone et al. 2004). Regarding fungal endosymbionts, the use of an-
tibiotics in the isolation and cultivation medium can lead to a loss of endohyphal bacteria 
in fungal cultures (Hoffman & Arnold 2010) and thereby further influence the produc-
tion of secondary metabolites in vitro.

Experimental

Plant and fungal material

Plant and fungal material was collected during the course of a field trip to the Golfo Dulce 
Region of Costa Rica in November and December 2015. The tropical lowland forest of the 
Piedras Blancas national park around the field station La Gamba of the University of Vien-
na was selected as an ecologically intact area for collection work (Weber & Baumgartner 
2001). The nearby laboratory facilities were used for fast processing of the collected mate-
rial. In the course of three weeks, 15 individuals of eight Psychotria and Palicourea species 
were successfully sampled. Altogether 102 fungal strains were isolated and further culti-
vated. For each plant individual collected, two specimens as well as leaves, shoots and – if 
present – inflorescences were sampled. For the purpose of later phytochemical analysis, 
the plant material was dried at room temperature using an air dehumidifier. For fungal 
endophyte isolation, whole, apparently healthy leaves, central and basal grown branches 
and – if available – fruits were placed in clean plastic bags until further processing. Plant 
specimens were deposited in the herbarium of the University of Vienna (WU) and in the 
national herbarium of Costa Rica (CR) – one copy in each.

Isolation and cultivation of endophytic fungi

Fungal endophytes were isolated the same day of collection of plant material. Plant sam-
ples were washed under running tap water and obvious dirt, epiphytic mosses and algae 
cautiously removed. Pieces of approximately 3 cm of shoot and 2 cm² of leaves including 
the midrib were prepared for surface sterilization. Seeds were extracted from the fruits and 
cleaned with tap water and paper tissues. Samples were surface-sterilized by immersion in 
70 % ethanol for 1 min, followed by 5 min 3 % NaOCl solution and again 70 % ethanol 
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for one min to remove excess hypochlorite solution. To guarantee successful surface steri-
lization, shoots, seeds and fruits were rolled over and both sides of the leaf cuttings were 
imprinted on petri dishes containing the isolation medium MEA3, respectively (Petrini, 
1984). Petri dishes with imprints were incubated at room temperature. If no fungal colo-
nies were visible after one week, sterilization was considered successful. After surface steri-
lization, margins of leaf and shoot samples damaged by NaOCl were removed using sterile 
razor blades. Shoots, fruits and seeds were divided lengthwise and plated with the cut sur-
face onto the isolation medium. For each collected plant organ, several pieces were used 
for isolation (one per petri dish). Petri dishes were stored in darkness at room temperature. 
All isolates linked to a positive imprint test were disposed.

The standard cultivation media contained 20 g/L glucose, 2 g/L peptone, 12 g/L agar, 
100 mg/L chloramphenicol and 20 g/L malt extract for MEA1 and 5 g/L malt extract for 
MEA2. For anti-microbial screening, the MEA2 recipe without chloramphenicol (MEA2-
C) and one with additional 0.5 g/L of yeast extract (MYEA) were used. The medium for 
isolation of endophytes in Costa Rica (MEA3) was low in nutrients for slow growth re-
garding the transportation time: 10 g/L malt extract, 20 g/L glucose, 1 g/L peptone, 12 
g/L agar and 100 mg/L chloramphenicol. The liquid medium for fermentative cultivation 
(ME) contained 20 g/L malt extract, 38 g/L glucose, 1.25 g/L peptone and 100 mg/L chlo-
ramphenicol. For the selective isolation media, 4 mg/L benomyl and 200 mg/L cyclohex-
imide were added to the MEA3 recipe. Benomyl was added to the medium after autoclav-
ing and cooling down to approximately 50° C (Hutchison 1990, Summerbell 1993). A 
stock solution dissolved in acetone was prepared and added to the medium after sterile 
filtration through a 0.22 µm syringe filter. Excess acetone was evaporated under lamina 
flow. Emerging fungi from plated plant samples were separated by transferring small agar 
plugs to new petri dishes. Morphologically distinct strains were separated again until iso-
lates were morphologically homogenous. Five fungal isolates were assigned to fermenta-
tion after first analytical screenings. Agar plugs with mycelium were cut from cultures on 
MEA1 and used to inoculate the liquid (ME) medium. S1 and whd4 were cultivated in 
280 mL ME medium (2 × 140 mL) in darkness at 27° C for 49 days and additionally in 250 
mL medium for 24 days (Hinterdobler et al. in prep.). Whc1 and C4 were cultivated 
in 280 mL ME medium (2 × 140 mL) in darkness at 27° C for 68 days and additionally in 
250 mL medium for 43 days (ibid.).

Species identification

A subset of fungal isolates was identified by Sanger sequencing and comparison to the 
NCBI database by BLAST search (see also Hinterdobler et al. in prep.). Internal tran-
scribed spacer (ITS) regions of fungal ribosomal DNA were amplified using the standard 
ITS5 forward primer for fungal isolates C5 and E3, and ITS1F primer for the remaining 
isolates (I8, I9, R5, S1, T2, W8). ITS4 was used as reverse primer. Consensus sequences 
were generated in SeqMan Pro 14 (DNASTAR®). Fungal DNA was extracted with the help 
of Dr. Alexander Urban and sequenced at the Division of Systematic and Evolutionary 
Botany, University of Vienna.

Secondary metabolite analysis and extraction

For isolation procedure of whc1 and whd4 crude extracts see Hinterdobler et al. (in 
prep).
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Agar plug diffusion assay
Fungi were grown on MEA2-C or MYEA medium until full colonization. Agar plugs 
of 5 × 5 mm were transferred to petri dishes covered with test organisms. Results of the 
screenings were evaluated the next day. Endophytic fungi were tested against Bacillus subti-
lis, Escherichia coli DH5α, Candida albicans and Saccharomyces cerevisiae. The first selected 
subset of 60 fungal strains was chosen by their ability to produce HPLC-DAD detectable 
substances in culture and good growth. For the screening of the remaining fungal isolates, 
S. cerevisiae was replaced by C. albicans. The change of growth medium from MEA2-C 
to MYEA was due to a possible increase of secondary metabolite production by the ad-
dition of yeast extract to the medium (Zotchev pers. comm.). Tests were performed in 
the laboratory of Dr. Sergey B. Zotchev at the Department of Pharmacognosy, Univer-
sity of Vienna.

Conclusion
Psychotria and Palicourea species growing in Costa Rica were shown to be a rich source for 
fungal endophyte research. The area of sampling at the Pacific side of Costa Rica provides 
a suitable habitat for fungi of all kinds (Weissenhofer & Huber 2008, Piepenbring 
& Ruiz-Boyer 2008). The results showed that endophytic fungi occur in leaves, shoots, 
fruits and seeds of the studied plant species. The identified endophytic fungi belong to the 
frequently isolated genus Xylaria (Xylariaceae) and related genera. Production of plant-like 
secondary metabolites in fungal cultures could not be observed during this study but the 
isolated fungal endophytes have the ability to produce anti-microbial defense chemicals 
against applied test organisms. These defense chemicals could not be detected in previous 
studied plant material (Berger et al. 2012, 2016, 2017). Further studies are required to il-
luminate the symbiotic interactions between plants and their endophytes.

Acknowledgments
The authors acknowledge the staff of the Field Station La Gamba, Costa Rica, for help 
in organizing research and export permits and for using their facilities during field work. 
Travel and field work conducted by WH in Costa Rica was financed by a scholarship of 
the Verein zur Förderung der Tropenstation La Gamba, Vienna, Austria. We gratefully 
acknowledge Lothar Brecker, Susanne Felsinger and Peter Unteregger from the Fac-
ulty of Chemistry, University of Vienna for recording NMR and MS spectra and structure 
elucidation. We are grateful to Irmgard Krisai-Greilhuber, Alexander Urban and Kes-
iban Karasungur (Mycology Research Group, University of Vienna) for identification 
of the fungi. Sergey Zotchev is acknowledged for providing lab space and equipment for 
bioassay. Collection, export and species identification was kindly permitted by the Costa 
Rican Ministry of Environment, Energy and Telecommunications (INV-ACOSA-044-15).

Literature
Aly A.H., Debbab A., Kjer J. & Proksch P., 2010: Fungal endophytes from higher plants: a prolific 

source of phytochemicals and other bioactive natural products. Fungal Divers. 41, 1–16.
Aly A.H., Debbab A. & Proksch P., 2013: Fungal endophytes – secret producers of bioactive plant 

metabolites. Pharmazie 68, 499–505.



Chemical diversity and richness of fungal endophytes from Costa Rican 
Palicourea and Psychotria species (Rubiaceae) 227

Arnold A.E. & Lutzoni F., 2007: Diversity and host range of foliar fungal endophytes: are tropical 
leaves biodiversity hotspots? Ecology 88, 541–549.

Arnold, A.E., Maynard, Z. & Gilbert, G.S., 2001: Fungal endophytes in dicotyledonous neotropi-
cal trees: patterns of abundance and diversity. Mycol. Res. 105, 1502–1507.

Arnold A.E., Mejia L.C., Kyllo D., Rojas E.I., Maynard Z., Robbins N. & Herre E.A., 2003: 
Fungal endophytes limit pathogen damage in a tropical tree. Proc. Natl. Acad. Sci. USA 100, 
15649–15654.

Berger A., Fasshuber H., Schinnerl J., Brecker L. & Greger H., 2012: Various types of 
tryptamine-iridoid alkaloids from Palicourea acuminata (=Psychotria acuminata, Rubiaceae). Phy-
tochem Lett. 5, 558–562.

Berger A., Preinfalk A., Robien W., Brecker L., Valant-Vetschera K. & Schinnerl J., 2016: 
New reports on flavonoids, benzoic- and chlorogenic acids as rare features in the Psychotria alliance 
(Rubiaceae). Biochem. Syst. Ecol. 66, 145–153.

Berger A., Tanuhadi E., Brecker L., Schinnerl J. & Valant-Vetschera K., 2017: Chemodiver-
sity of tryptamine-derived alkaloids in six Costa Rican Palicourea species (Rubiaceae-Palicoureeae). 
Phytochemistry 143, 124–131.

Bills G.F. & Polishook J.D., 1991: Microfungi from Carpinus caroliniana. Can. J. Bot. 69, 1477–
1482.

Bills G.F. & Polishook J.D., 1992: Recovery of endophytic fungi from Chamaecyparis thyoides. 
Sydowia 44, 1–12.

Bode H.B., Bethe B., Hofs R. & Zeeck A., 2002: Big effects from small changes: possible ways to 
explore nature’s chemical diversity. Chembiochem. 3, 619–627.

Brian P.W., Curtis P.J. & Hemming H.G., 1949: A substance causing abnormal developmet of fungal 
hyphae produced by Penicillium janczewskii Zal. Trans. Br. Mycol. Soc. 32, 30–33.

Cafêu M.C., Silva G.H., Teles H.L., Bolzani V.D.S., Araújo Â.R., Young M.C.M. & Pfenning 
L.H., 2005: Substancias antifúngicas de Xylaria sp., um fungo endofítico isolado de Palicourea marc-
gravii (Rubiaceae). Quim, Nova 28, 991–995.

Casella J.F., Flanagan M.D. & Lin S., 1981: Cytochalasin D inhibits actin polymerization and in-
duces depolymerization of actin filaments formed during platelet shape change. Nature 293, 302–
305.

Chesters N.C.J.E. & O’hagan D., 1997: Biosynthesis of the fungal metabolite, piliformic acid 
(2-hexylidene-3-methylsuccinic acid). J. Chem. Soc. Perkin Trans. 1, 827–834.

Chinworrungsee M., Kittakoop P., Isaka M., Rungrod A., Tanticharoen M. & 
Thebtaranonth Y., 2001: Antimalarial halorosellinic acid from the marine fungus Halorosellinia 
oceanica. Bioorganic Med. Chem. Lett. 11, 1965–1969.

Christian O.E., Compton J., Christian K.R., Mooberry S.L., Valeriote F.A. & Crews P., 2005: 
Using Jasplakinolide to Turn on Pathways that Enable the Isolation of New Chaetoglobosins from 
Phomospis asparagi. J. Nat. Prod. 68, 1592–1597.

Crous P.W. & Groenewald J.Z., 2013: A phylogenetic re-evaluation of Arthrinium. IMA Fungus 
4, 133–154.

Davis E.C., Franklin J.B., Shaw A.J. & Vilgalys R., 2003: Endophytic Xylaria (Xylariaceae) among 
Liverworts and Angiosperms: Phylogenetics, Distribution, and Symbiosis. Am. J. Bot. 90, 1661–
1667.

Espada A., Rivera-Sagredo A., De La Fuente J.M., Hueso-Rodríguez J.A. & Elson S.W., 1997: 
New cytochalasins from the fungus Xylaria hypoxylon. Tetrahedron 53, 6485–6492.

Gamboa M.A. & Bayman P., 2001: Communities of Endophytic Fungi in Leaves of a Tropical Tim-
ber Tree (Guarea guidonia: Meliaceae). Biotropica 33, 352–360.



228 Hinterdobler W. & Schinnerl J.

Gamboa M.A. Laureano S. & Bayman P., 2002: Measuring diversity of endophytic fungi in leaf 
fragments: does size matter? Mycopathologia 156, 41–45.

Gareis M. & Gareis E.-M., 2007: Guttation droplets of Penicillium nordicum and Penicillium ver-
rucosum contain high concentrations of the mycotoxins ochratoxin A and B. Mycopathologia 163, 
207–214.

Gareis M. & Gottschalk C., 2014: Stachybotrys spp. and the guttation phenomenon. Mycotoxin 
Res. 30, 151–159.

Gazis R. & Chaverri P., 2010: Diversity of fungal endophytes in leaves and stems of wild rubber 
trees (Hevea brasiliensis) in Peru. Fungal Ecol. 3, 240–254.

Govinda Rajulu M.B., Thirunavukkarasu N., Babu A.G., Aggarwal A., Suryanarayanan T.S. 
& Reddy M.S., 2013: Endophytic Xylariaceae from the forests of Western Ghats, southern India: 
distribution and biological activities. Mycology 4, 29–37.

Hanada R.E., Pomella A.W., Costa H.S., Bezerra J.L., Loguercio L.L. & Pereira J.O., 2010: En-
dophytic fungal diversity in Theobroma cacao (cacao) and T. grandiflorum (cupuacu) trees and their 
potential for growth promotion and biocontrol of black-pod disease. Fungal Biol. 114, 901–910.

Hewage R.T., Aree T., Mahidol C., Ruchirawat S. & Kittakoop P., 2014: One strain-many com-
pounds (OSMAC) method for production of polyketides, azaphilones, and an isochromanone using 
the endophytic fungus Dothideomycete sp. Phytochemistry 108, 87–94.

Hodgson S., Cates C., Hodgson J., Morley N.J., Sutton B.C. & Gange A.C., 2014: Vertical trans-
mission of fungal endophytes is widespread in forbs. Ecol. Evol. 4, 1199–1208.

Hoffman M.T. & Arnold A.E., 2010: Diverse bacteria inhabit living hyphae of phylogenetically di-
verse fungal endophytes. Appl. Environ. Microbiol. 76, 4063–4075.

Hutchison L.J., 1990: Studies on the systematics of ectomycorrhizal fungi in axenic culture. IV. 
The effect of some selected fungitoxic compounds upon linear growth. Can. J. Bot. 68, 2172–2178.

Hutwimmer S., Wang H., Strasser H. & Burgstaller W., 2010: Formation of exudate droplets by 
Metarhizium anisopliae and the presence of destruxins. Mycologia 102, 1–10.

Jennings D.H., 1991: The role of droplets in helping to maintain a constant growth rate of aerial hy-
phae. Mycol. Res. 95, 883–884.

Lemaire B., Janssens S., Smets E. & Dessein S., 2012a: Endosymbiont transmission mode in bac-
terial leaf nodulation as revealed by a population genetic study of Psychotria leptophylla. Appl. En-
viron. Microbiol. 78, 284–287.

Lemaire B., Lachenaud O., Persson C., Smets E. & Dessein S., 2012b: Screening for leaf-associat-
ed endophytes in the genus Psychotria (Rubiaceae). FEMS Microbiol. Ecol. 81, 364–372.

Li Y., Lu C., Hu Z., Huang Y. & Shen Y., 2009: Secondary metabolites of Tubercularia sp. TF5, an 
endophytic fungal strain of Taxus mairei. Nat. Prod. Res. 23, 70–76.

Lin Z.-J., Zhang G.-J., Zhu T.-J., Liu R., Wei H.-J. & Gu Q.-Q., 2009: Bioactive Cytochalasins from 
Aspergillus flavipes, an Endophytic Fungus Associated with the Mangrove Plant Acanthus ilicifolius. 
Helv. Chim. Acta. 92, 1538–1544.

Liu X.-H., Xu F., Lin Y.-C., Chan W.-L. & Zhou Z.-Y., 2006: 2-Hexylidene-3-methylsuccinic acid. 
Acta Cryst. E. 62, 2419–2420.

McPhee W.J. & Colotelo N., 1977: Fungal exudates. I. Characteristics of hyphal exudates in Fusar-
ium culmorum. Can. J. Bot. 55, 358–365.

Ming Ge H., Yun Zhang W., Ding G., Saparpakorn P., Chun Song Y., Hannongbua S. & Xiang 
Tan R., 2008: Chaetoglobins A and B, two unusual alkaloids from endophytic Chaetomium globo-
sum culture. Chem. Commun. 0, 5978–5980.

Mousa W.K. & Raizada M.N., 2013: The diversity of anti-microbial secondary metabolites produced 
by fungal endophytes: An interdisciplinary perspective. Front Microbiol. 4, 65.



Chemical diversity and richness of fungal endophytes from Costa Rican 
Palicourea and Psychotria species (Rubiaceae) 229

Oxford A.E., Raistrick H. & Simonart P., 1939: Studies in the biochemistry of micro-organisms: 
Griseofulvin, C17H17O6Cl, a metabolic product of Penicillium griseo-fulvum Dierckx. Biochem. J. 
33, 240–248.

Paranagama P.A., Wijeratne E.M. & Gunatilaka A.A., 2007: Uncovering biosynthetic potential 
of plant-associated fungi: effect of culture conditions on metabolite production by Paraphaeospha-
eria quadriseptata and Chaetomium chiversii. J. Nat. Prod. 70, 1939–1945.

Petersen A.B., Rønnest M.H., Larsen T.O. & Clausen M.H., 2014: The Chemistry of Griseoful-
vin. Chem. Rev. 114, 12088–12107.

Petrini O., 1984: Endophytic fungi in British Ericaceae: A preliminary study. Trans. Br. Mycol. Soc. 
83, 510–512.

Petrini O., 1991: Fungal Endophytes of Tree Leaves. In: Andrews J. & Hirano S. (eds.), Microbial 
Ecology of Leaves. Springer New York.

Piepenbring M. & Ruiz-Boyer A., 2008: Diversity and ecology of fungi in the Golfo Dulce region. 
In: Weissenhofer A., Huber W., Mayer V., Pamperl S., Weber A. & Aubrecht G. (eds.), Di-
versity and ecology of fungi in the Golfo Dulce region. OÖ Landesmuseum, Linz: Stapfia 0088.

Ramos, H.P., Braun, G.H., Pupo, M.T. & Said, S., 2010: Antimicrobial activity from endophytic 
fungi Arthrinium state of Apiospora montagnei Sacc. and Papulaspora immersa. Braz. Arch. Biol. 
Technol. 53, 629–632.

Rateb, M.E., Houssen, W.E., Harrison, W.T.A., Deng, H., Okoro, C.K., Asenjo, J.A., Andrews, 
B.A., Bull, A.T., Goodfellow, M., Ebel, R. & Jaspars, M., 2011: Diverse Metabolic Profiles of a 
Streptomyces Strain Isolated from a Hyper-arid Environment. J. Nat. Prod. 74, 1965–1971.

Rogers, J.D., 2000: Thoughts and musings on tropical Xylariaceae. Mycol. Res. 104, 1412–1420.

Rubini M.R., Silva-Ribeiro R.T., Pomella A.W.V., Maki C.S., Araújo W.L., Dos Santos D.R. 
& Azevedo J.L., 2005: Diversity of endophytic fungal community of cacao (Theobroma cacao L.) 
and biological control of Crinipellis perniciosa, causal agent of Witches’ Broom Disease. Int. J. Biol. 
Sci. 1, 24–33.

Salkin I.F., 1975: Adaptation to cycloheximide: in vitro studies with filamentous fungi. Can. J. Mi-
crob. 21, 1413–1419.

Scherlach K., Boettger D., Remme N. & Hertweck C., 2010: The chemistry and biology of cy-
tochalasans. Nat. Prod. Rep. 27, 869–886.

Schulz B. & Boyle C., 2005: The endophytic continuum. Mycol. Res. 109, 661–686.

Schulz B., Boyle C., Draeger S., Römmert A.-K. & Krohn K., 2002: Endophytic fungi: a source 
of novel biologically active secondary metabolites. Mycol. Res. 106, 996–1004.

Schulz B., Wanke U., Draeger S. & Aust H.J., 1993: Endophytes from herbaceous plants and 
shrubs: effectiveness of surface sterilization methods. Mycol. Res. 97, 1447–1450.

Sica V.P., Rees E.R., Tchegnon E., Bardsley R.H., Raja H.A. & Oberlies N.H., 2016: Spatial and 
Temporal Profiling of Griseofulvin Production in Xylaria cubensis Using Mass Spectrometry Map-
ping. Front Microbiol. 7, 544.

Souza A.Q.L.D., Souza A.D.L.D., Astolfi Filho S., Pinheiro M.L.B., Sarquis M.I.D.M. & 
Pereira J.O., 2004: Atividade antimicrobiana de fungos endofíticos isolados de plantas tóxicas da 
amazônia: Palicourea longiflora (aubl.) rich e Strychnos cogens bentham. Acta Amazon. 34, 185–195.

Steiner U., Ahimsa-Müller M.A., Markert A., Kucht S., Gross J., Kauf N., Kuzma M., Zych 
M., Lamshöft M., Furmanowa M., Knoop V., Drewke C. & Leistner E., 2006: Molecular 
characterization of a seed transmitted clavicipitaceous fungus occurring on dicotyledoneous plants 
(Convolvulaceae). Planta 224, 533–540.

Steiner U. & Leistner E., 2012: Ergoline alkaloids in convolvulaceous host plants originate from 
epibiotic clavicipitaceous fungi of the genus Periglandula. Fungal Ecol. 5, 316–321.



230 Hinterdobler W. & Schinnerl J.

Stępień Ł., Koczyk G. & Waśkiewicz A., 2011: Genetic and phenotypic variation of Fusarium pro-
liferatum isolates from different host species. J. Appl. Genet. 52, 487.

Stierle A., Strobel G. & Stierle D., 1993: Taxol and taxane production by Taxomyces andreanae, 
an endophytic fungus of Pacific yew. Science 260, 214–216.

Stone J.K., White Jr. J.F. & Polishook J.D., 2004: Endophytic Fungi. In: Mueller G., Bills G. 
& Foster M. (eds.), Measuring and Monitoring Biodiversity of Fungi. Inventory and monitoring 
methods. Boston, MA: Elsevier Academic Press.

Strobel G.A., 2003: Endophytes as sources of bioactive products. Microbes Infect. 5, 535–544.

Summerbell R.C., 1993: The benomyl test as a fundamental diagnostic method for medical mycol-
ogy. J. Clin. Microbiol. 31, 572–577.

Toledo A.V., Virla E., Humber R.A., Paradell S.L. & Lastra C.C.L., 2006: First record of Clon-
ostachys rosea (Ascomycota: Hypocreales) as an entomopathogenic fungus of Oncometopia tucumana 
and Sonesimia grossa (Hemiptera: Cicadellidae) in Argentina. J. Invertebr. Pathol. 92, 7–10.

Tsao P.H., 1970: Selective Media for Isolation of Pathogenic Fungi. Annu. Rev. Phytopathol. 8, 157–
186.

Vega F.E., Simpkins A., Aime M.C., Posada F., Peterson S.W., Rehner S.A., Infante F., Castillo 
A. & Arnold A.E., 2010: Fungal endophyte diversity in coffee plants from Colombia, Hawai’i, 
Mexico and Puerto Rico. Fungal Ecol. 3, 122–138.

Weber A. & Baumgartner T., 2001: An introductory field guide to the flowering plants of the Golfo 
Dulce rain forests Costa Rica, Linz, Biologiezentrum des Oberösterr. Landesmuseums.

Weissenhofer A. & Huber W., 2008: The climate of the Esquinas rainforest. In: Weissenhofer A., 
Huber W., Mayer V., Pamperl S., Weber A., Aubrecht G. (eds.), Natural and Cultural History 
of the Golfo Dulce Region, Costa Rica. OÖ Landesmuseum, Linz: Stapfia 0088.

Wilson D., 1995: Endophyte: The Evolution of a Term, and Clarification of Its Use and Definition. 
Oikos 73, 274–276.

Xiong Z.-Q., Yang Y.-Y., Zhao N. & Wang Y., 2013: Diversity of endophytic fungi and screening of 
fungal paclitaxel producer from Anglojap yew, Taxus x media. BMC Microbiol. 13, 71.

Zhang L., Yang J., Niu Q., Zhao X., Ye F., Liang L. & Zhang K.-Q., 2008: Investigation on the 
infection mechanism of the fungus Clonostachys rosea against nematodes using the green fluorescent 
protein. Appl. Microbiol. Biotechnol. 78, 983–990.

Zhao J.H., Zhang Y.L., Wang L.W., Wang J.Y. & Zhang C.L., 2012: Bioactive secondary metabo-
lites from Nigrospora sp. LLGLM003, an endophytic fungus of the medicinal plant Moringa oleifera 
Lam. World J. Microbiol. Biotechnol. 28, 2107–2112.

Received: 2019 05 23

Addresses:

Wolfgang Hinterdobler, Msc, Division of Systematic and Evolutionary Botany, De-
partment of Botany and Biodiversity Research, University of Vienna, Rennweg 14, A-1030 
Wien, Austria. Current address: AIT Austrian Institute of Technology GmbH, Center 
forHealth & Bioresources, Bioresources, Konrad-Lorenz Straße24, 3430 Tulln, Austria. 
E-Mail: wolfgang.hinterdobler@ait.ac.at

Mag. Dr. Johann Schinnerl, Division of Systematic and Evolutionary Botany, Depart-
ment of Botany and Biodiversity Research, University of Vienna, Rennweg 14, A-1030 
Wien, Austria. E-Mail: johann.schinnerl@univie.ac.at



ZOBODAT - www.zobodat.at
Zoologisch-Botanische Datenbank/Zoological-Botanical Database

Digitale Literatur/Digital Literature

Zeitschrift/Journal: Verhandlungen der Zoologisch-Botanischen Gesellschaft in Wien.
Frueher: Verh.des Zoologisch-Botanischen Vereins in Wien. seit 2014 "Acta ZooBot
Austria"

Jahr/Year: 2019

Band/Volume: 156

Autor(en)/Author(s): Hinterdobler Wolfgang, Schinnerl Johann

Artikel/Article: Chemical diversity and richness of fungal endophytes from Costa Rican
Palicourea and Psychotria species (Rubiaceae) 215-230

https://www.zobodat.at/publikation_series.php?id=146
https://www.zobodat.at/publikation_volumes.php?id=62607
https://www.zobodat.at/publikation_articles.php?id=446964

