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Fungal metabolites as drugs & pesticides

Pharma indications
 Antibacterial (Penicillins, Cephalosporins) & antimycotic

(Caspofungin, Micafungin)  antibiotics A
 Immunosuppressive agents (e.g. Cyclosporin, Mycophenolic acid) A
 CNS-active drugs (e.g. Ergotamine) A
 Cardiovascular drugs (e.g. cholesterin-lowering Statins) A

Agro indications
 Fungicides (e,g. Strobilurins) B
 Antiparasitic agents (e.g. emodepsin) A

Fungal metabolites continue to be of great value as lead structures
for development of new drugs & pesticides

A: From Ascomycota B: From Basidiomycota



Global diversity of soil fungi

Tedersoo et al. (2014) Science 346, (2014); 
DOI: 10.1126/science.1256688

Agaricomycetes (“Mushrooms“) comprise over
50% of the total global biodiversity of soil fungi! 



Important metabolites from Basidiomycota 

Images by Benjarong Thongbai
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A „novel“ class of antibiotics

Clitopilus prunulus (Entolomataceae)
Pleuromutilin

Retapamulin (Altabax®/Altargo®)

(semisynthetic derivative 
of pleuromutilin)

 First discovered from cultures of „Pleurotus“ spp. in 1951

 Chemotaxonomic marker metabolite for the genus Clitopilus! 

 Highly efficient against Gram-positive bacteria (inhibitors of protein synthesis)
Target site different from that of all presently marketed antibiotics



First systemic pleuromutilin type antibiotic was 
approved by the US FDA in August of 2019 !

Fungal Diversity (2022) 116:547–614



Did the Iceman already known about the therapeutic 
potential of fungi ?

Fomitopsis betulina
Medicinal mushroom

Fomes fomentarius
Medicinal mushroom, 
firestarter

The mummy found in the Ötztal Valley carried two fungal materials along in a bag, 
which may have served as “herbal remedies”



Asian medicinal mushrooms
Schizophyllum commune Lentinula edodes

Grifola frondosa

Polyporus umbellatus

Ganoderma resinosum

Fomitopis pinicola

Ganoderma applanatum

Ganoderma lucidum

Trametes versicolor

Source of fungal images: http://www.mycokey.org



Bioactive principles of many medicinal mushrooms

Chen & Seviour (2007) Mycol. Res. 111, 532f.  

Beta-glucans have been identified from over 100 species of medicinal mushroooms
but are not well-suited for classical MedChem-driven drug development
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Unique terpenoids from basidiomycetes
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Several hundreds of unique biologically active terpenoids 
are known from cultures of Basidiomycetes
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Evaluation of Hericium spp. for antimicrobial & 
neutrotrophic activities

fruiting bodies extraction
(H. erinaceus & coralloides)

submerged fermentation (different media)
(H. erinaceus, coralloides & alpestre)

new erinacine

16 cyathane diterpenoids (erinacines)

new derivatives from H. coralloides

9 hericenones and
hericenone‐type compounds



Highly interesting neurotrophic effects

(+) salivary gland 
extract

Treatment of PC12 cells with conditioned 1321N1 culture medium

(‐) DMSO &
1321N1 medium A B C

corallocin A corallocin B

corallocin C
(strongest neuritogenic activity of 
all tested compounds) 

K. Wittstein et al. (2016) J. Nat. Prod. 7979: 2264–2269

Kathrin WittsteinZeljka Rupcic

Monique Rascher



Neurotrophins from Hericium cultures

Z. Rupcic et al. (2018), Int J Mol Sci 19(3): 740.

Kathrin WittsteinZeljka Rupcic

Monique Rascher

Sae Kanaki



Studies toward the mode of action of erinacines

M. Rascher et al. (2020) Biomolecules 10:440
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M. Rascher et al. (2020) Biomolecules 10:440

Strong evidence for the identity of the molecular target
site (may facilitate optimization of the compound class)

ETS (Erythroblast Transformation
Specific) transcription factors are
addressed by erinacine C

Kathrin WittsteinZeljka Rupcic

Monique Rascher



Impressions from field work in Thailand
Post-MC10 mycological foray (Mushroom Reseach Centre, Chiang Mai Prov., Aug 2014)

Post IMC10 Foray, Mushroom Research Centre, Chiang Mai Prov., Thailand (2014)



A novel terpene lactam from a new species of Panus

Soleiman Helaly

Christian Richter

Panus subfasciatus Thongbai et al., sp. nov



 First cyathane natural products (and first fungal terpenes) featuring a pyridine ring

 Broad antimicrobial and moderate cytotoxic activities

Novel cyathane-pyridine terpenoids from Cyathus

Cyathus pyristriatus sp. nov. (ined.)

basidiomata basidiospores

C. Richter et al.  (2016) J. Nat. Prod. 79: in press; Fungal Divers. In press



New terpenes from a Thai Marasmius sp.

Page 19



New pleurotins from Hohenbuehelia grisea

H. grisea (Thailand) 

Birthe Sandargo
Frank Surup

B. Sandargo et al.  (2018) J. Nat. Prod. 81:286-291



B. Sandargo et al.  (2018) Molecules 23:2697



Impressions from field work in Kakamega, Kenya (Sept. 2014)

Expedition in the course of a project funded by AvH and ERAFRICA, 2014-2018
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Extraction

HPLC-MS analysis/
database search 

Semi-preparative and
preparative HPLC

Methodology

Pre-screening 

Large scale fermentation

Structure 
elucidation



Rodney M. Donlan, Ph.D.; Janice Carr

S. aureus biofilm

Simoes et al. 2010, 
Lwt-Food Sci Technol 43, 573. Processes of biofilm formation

New compounds with anti-biofilm activity

Inhibitors of biofilm formation and quorum sensing

 no interference with bacterial growth
 phenotype changes with no /minimal selective pressure
 resistences unlikely or very slow

 valid potential alternatives to classical antibiotics! 



Microporus sp.
(new species, Kakamega, Kenia) 

Microporenic Acids A and B 

Antibiofilm Activity (S. aureus & C. albicans)

Chepkirui et al. 2018, J Nat Prod, 81, 778-784

Organism Biofilm inhibition % Preformed biofilm inhibition
S. aureus 86% (256 μg mL–1)

54% (64 μg mL–1)
28% (16 μg mL–1)

49% (256 μg mL–1)
37% (128 μg mL–1)

1.5% (64 μg mL–1)
C. albicans - 72% (16 μg mL–1)

52% (8 μg mL–1)

Activity of Microporenic Acid A

First compound that can destroy pre-
formed biofilm in Candida albicans

New compounds with anti-biofilm activity

Clara Chepkirui



New natural fungicides from Favolaschia calocera
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F. calocera

Strobilurins and benzoxepins:

Lead structures for agrochemical applications (fungicides)

Simone Heitkämper Clara Chepkirui



Favolaschia: 3 different potent chemical weapons
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 Strobilurins and favolon, as well as benzoxazepins are very potent antifungal agents

 Favolascha species are very dangerous Neomycota

 Due to global warming they invade temperate climates and are a threat for any other
fungus!  



Secondary metabolites from Laxitextum incrustratum

 Moderate activity against Gram-positive bacteria 
 Antiproliferative effects (human and mouse fibroblast cell lines)

Cynthia Mudalungu

laxitextine A

laxitextine B

Laxitextum belongs to the Hericiaceae (phylogenetically related to Hericium)



Active principles of an African relative of an Asian TM fungus (1) 

http://www.mycolich.ir/species/3284

Chepkirui et al. (2018) Phytochemistry Lett 25: 141-146. 
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Meroterpenoids from Amylosporus spp. 

Blondelle Matio

B. Matio et al. (2022) J. Nat Prof.

https://inaturalist.ca/taxa/353329-Amylosporus

Grass symbionts
Growth time of cultures 
in the lab: 4 months
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Meroterpenoids from Amylosporus spp. 

3 5

1
1´´´

2´´´ 5´´´ 7´´´ 10´´´

9´´´

1´´

5´´

4´´

O

1´
5´

4´

7 OOH

8

OH

4´´´

4

(E)

New carbon skeleton

Blondelle Matio

B. Matio et al. (2022) J. Nat Prof.



Name der PräsentationSeite 32 |

S. Pfütze et al. (2023) J. Nat Prof./Molecules

New terpenoids from a tropical genus of Mycenaceae

From solid state culture
after 7 months of growth

From shake cultures

Heimiomyces: cultured and studied for the first time on its
secondary metabolites

Frank SurupSebastian Pfütze



Even German forests harbour many basidiomycetes that are
yet untapped for secondary metabolites
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New carbon skeleton; antiviral activities

Significant antiviral activity (HCV)
Several new acorane sesquiterpenoids were obtained concurrently
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Novel natural carbon skeletons! 
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New terpenoids from one of the most common European mushrooms

The CBS strain was supposed to be a Laccaria sp. (confusion by the depositor?) 
The identity was proven by isolation and study of a fresh culture that produced the same compounds

https://www.mycokey.com
Jens H. Petersen

J. Nat. Prod. 2022, 85, 10, 2363–2371

Hedda Schrey Dana Nedder



Kakamega rainforest (February 2023)



Laetiporus sp. nov.

Novel triterpenes from a Laetiporus sp.

Chepkirui et al. (2017) Phytochemistry Lett 20: 106-110. 



Even German forests harbour many basidiomycetes that are yet
untapped for secondary metabolites





A. Laetiporus sulphureus. B. Antrodia sp. MUCL 56049.
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Triterpenoids show significant BDNF and NGF enhancement!

NGF

BDNF

K. Hassan et al. (2023) IJMS 23:13593

Constituents of many medicinal and edible mushrooms



Beilstein J. Org. Chem. 2023, 19, 1161–1169

Lanostane triterpenoids: Characteristic metabolites of polypores

Almost every polypore can produce different combinations of
lanostane triterpenoids in their basidiomata and cultures



New compounds from Laccaria basidiomes

Very interesting chemistry in the tiny fruitbodies

Less risk that the students are eating the material! 

Hedda Schrey

H. Schrey & P. Spiteller (2019)  Chemistry Eur J



Related to Hericium => similar metabolites

Winnie Sum

Moderate antimicrobial and cytotoxic effects
Tests for neurotrophic activities pending





Terpene alkaloids from tropical mushrooms 



Further unpublished drimane derivatives from Cerrena sp. 

Pathompong Paomephan et al. (only published in the PhD thesis Mahidol Univ., Thailand (2022)



New terpenoids from solid cultures of Abundisporus violaceus
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Eight new drimanes were isolated
from solid cultures on rice

Fermentation time: 68 days

Sum et al. J. Nat. Prod. 2023, under review



Terpenoids from Abundisporus violaceus are NGF enhancers
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Endofungal bacteria of tropical Basidiomycota 
also produce interesting molecules 

Khadija Hassan

Natalia Llanos-Lopez

Yasmina Marin-Felix



Impressions from field work (Arabuko Sokoke NP, Kenya, May 2022)

Project funded by the EU 
(H2020-MSCA-RISE Mycobiomics) 
and AvH Foundation

Most of the strains we isolated seem to represent hitherto undescribed species
 Good chances to find novel bioactive metabolites



Another (in-)famous fungus turned out to be a basidiomycete

Retrospective genome analysis & morphological type studies:

„Taxomyces“ is actually a Ceriporiopsis species !

It is difficult to believe all these reports on the occurrence of taxol in 
various ascomycetes and a basidiomycete

The compound has only been isolated in substantial quantities from 
plants, which are also used exclusively to produce it.

Tian Cheng



A new model organism to express biosynthetic 
gene clusters from Basidiomycota 

Readily forms fruitbodies on agar plates,
and even stable fruitbody forming
monokaryons are available

Frank SurupSebastian Pfütze

F. Surup et al.  (2019) BJOC 15:1000–1007.

C. aegerita is not only a good model
organism but also has an excellent taste!



Upstream Processing Equipment

Shake flask cultivations

• RAMOS (50 mL; 200 mL)

• Transfer from shake flask 

to bioreactor

• Media development

Multifermenter

• DASGIP (1.5 L)

• Process development in 

laboratory scale

Stainless steel 
bioreactors

• Six vessels (10 L)

• Process implementation 

• Optimization for 

technical scale

Pilot scale bioreactors

• 4 x 150 L; 2 x 350 L

• Material supply for e.g. 

preclinical studies

• Process transfer to 

CRO’s

New biotechnology platform at HZI (operative since 2021)



Downstream Processing Equipment

Biomass separation

• Tube centrifuge

• Filtration

Concentration

• Rotary evaporator 

• High vacuum

Extraction

• Fluidized bed

• Liquid-liquid

Product separation

• MPLC 

• Preparative HPLC

Only facility in European academia that can handle 100 g scale amounts of natural products



PhD project of Lillibeth Chaverra-Munoz

Development of a sustainable and reproducible process 
for biotechnological production of illudin M

Photograph: Nick Evershed

….using the „Ghost Fungus“
(Omphalotus nidiformis)

Lillibeth Chaverra



Titers of over 1 gram per litre were finally  attained by 
Lilly after 2 years of meticulous empirical work



Results of a PhD thesis



First trip abroad after the pandemics (Colombia 2021)



First output of our collaboration with Colombian scientists

New derivative of an unique carbon skeleton
Only weak antibiotic activities observed
Biological evaluation in other assays ongoing

Natalia Llanos-Lopez

Yasmina Marin-Felix



Take Home Messages
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 The (sub-)tropical species of the Basidiomycota still harbor a 
plethora of unprecedented bioactive metabolites

 Phylogenetic & taxonomic data can help substantially to identify
producers of novel lead compounds

 Basic & applied research (e.g. taxonomy & ecology vs. 
bioprospecting & biotechnology) can be combined to reach multiple 
mutual benefits

 Our international, interdisciplinary research network, providing
training opportunities for young scientists from all over the world, is
indispensable to accomplish these tasks

 Latin American mycologists should also try harder to culture their
basidiomycetes and study them for secondary metabolites and other
beneficial aspects.  



Further reading
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