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Abstract 

Fungal natural products are an important source for drugs and drug discovery. This dissertation 

describes investigations of bioactive secondary metabolites from endophytic fungi aiming to find new 

potential lead compounds acting as anti-cancer compounds or as antimicrobials. Endophytic fungi are 

organisms which live in plants as symbionts and mainly support their hosts by contributing to their 

defence against herbivores or against facultative or obligate pathogens.  

Talaromyces sp. and Trichocladium sp., two of the endophytic fungi described in this 

dissertation, were isolated from a traditional Vietnamese herbal plant Houttuynia cordata. Additionally, 

the third studied endophytic fungus Coniothyrium sp.was isolated from the medicinal plant Quercus 

robur.  

This dissertation is divided into 8 chapters corresponding to three publications/manuscript drafts 

which are ready for submission or presently under review. 

1. Project Antiplatelet compounds from the endophytic fungus Talaromyces sp. 

“Twelve natural products obtained from the endophytic fungus Talaromyces sp. were studied 

for their effects on the aggregation of human platelets. All compounds featured an ortho-hydroxylated 

benzoic acid moiety reminiscent of salicylic acid. Among the different metabolites the mycotoxin 

altenusin proved to be the most promising inhibitor of collagen induced thrombozyte aggregation with 

an IC50 value of 29.6 µM. In contrast to earlier reports by other groups, our in vitro assays indicated 

no inhibition of cyclooxygenases, but rather modulation of peroxisome proliferator-activated receptors 

(PPARs) as the most plausible target of altenusin. Comparison of altenusin with the known PPAR 

modulator magnolol and molecular docking studies indicated binding of altenusin to the magnolol 

binding pocket of PPARγ. These results complement earlier reports of altenusin binding to closely 

related farsenoid X receptors and showcase the importance of PPARs as relevant targets for inhibition 

of thrombozyte aggregation.”, abstract taken from draft 

2. Project Expanding the metabolic profile of the endophytic fungus Trichocladium sp. 

“The endophytic fungus Trichocladium sp. isolated from roots of Houttuynia cordata was 

cultured on solid rice medium, yielding a new amidepsine derivative (1) and a new reduced spiro 

azaphilone derivative (3) together with eight known compounds (4–11). Co-cultivation of 

Trichocladium sp. with Bacillus subtilis resulted in induction of a further new compound (2) and a 10-

fold increase of 11 compared to the axenic fungal culture. Moreover, when the fungus was cultivated on 

peas instead of rice, a new sesquiterpene derivative (13) and two known compounds (12 and 14) were 

obtained. Addition of 2% tryptophan to rice medium led to the isolation of a new bismacrolactone (15). 

The structures of the new compounds were elucidated by HRESIMS, 1D and 2D NMR as well as by 

comparison with the literature. A combination of TDDFT-ECD, TDDFT-SOR, DFT-VCD and DFT-
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NMR calculations were applied to determine the absolute and relative configurations of 13 and 15. 

Compounds 7, 11 and 15 exhibited strong cytotoxicity against the L5178Y mouse lymphoma cell line 

with IC50 values of 0.3, 0.5 and 0.2 mM, respectively.”, (Tran-Cong et al., 2019) 

 

3. Project Furoic Acid Derivatives from the Endophytic Fungus Coniothyrium sp.  

„The endophytic fungus Coniothyrium sp. was isolated from leaves of Quercus robur. 

Fermentation of this fungus on solid rice medium yielded two new furoic acid derivatives (1 and 2) and 

two additional known compounds. The structures of the new compounds were determined by extensive 

analysis of 1D and 2D NMR spectra as well as HRMS data. All isolated compounds were tested for 

their cytotoxicity but proved to be inactive.“ , (Tran-Cong et al., 2020)
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Zusammenfassung 

Naturstoffe aus Pilzen spielen eine große Rolle als Arzneistoffe und für die Entwickung von 

neuen Medikamenten. Diese vorliegende Disseration befasst sich mit Sekundärstoffen aus 

endophytischen Pilzen, um neue potenzielle Leitstrukturen gegen Tumore oder Mikroorganismen zu 

finden. Endophytische Pilze sind Organismen, welche in Pflanzen leben und ihre Wirte in der Abwehr 

von Fraßfeinden oder mikrobiellen Pathogenen unterstützen.  

Zwei der untersuchten endophytischen Pilze, welche in dieser vorliegenden Dissertation 

behandelt werden, wurden aus der traditionellen vietnamesischen Heilpflanze Houttuynia cordata 

isoliert: Talaromyces sp. and Trichocladium sp. Ein anderer endophytischer Pilz wurde aus einer 

anderen traditionellen Heilpflanze isoliert: Quercus robur.  

Diese vorliegende Dissertation wurden in Kapitel eingeteilt, welche drei vorbereitete bzw. 

bereits publizierte Manuskripte beinhaltet. 

1. Thrombozytenaggregationshemmende Stoffe aus dem endophytischem Pilz Talaromyces sp. 

Der endophytische Pilz Talaromyces sp. wurde aus den Wurzeln einer vietnamesischen 

Heilpflanze namens Houttuynia cordata isoliert. Zwölf Verbindungen wurden aus der Reisfermentation 

des Pilzes erhalten. Alle Verbindungen besitzen eine ortho-Hydroxybenzoesäure-Grundstruktur. Durch 

die strukturelle Ähnlichkeit der Verbindungen 1 – 12 mit dem bekannten 

Thrombozytenaggregationshemmer Salicylsäure wurde vermutet, dass die isolierten Verbindungen 

diese Aktivität ebenfalls besitzen. Unter den isolierten Verbindungen besaß Altenusin mit einem IC50 

Wert von 51,6 µM gegen humane Thrombozyten die beste aggregationshemmende Wirkung. Im 

Gegensatz zu anderen Gruppen zeigten die durchgeführten in vitro Assays keine Hemmung des Enzyms 

Cyclooxygenase durch Altenusin, sondern wiesen auf eine Modulation der  Peroxisomal 

Proliferierenden Rezeptoren (PPAR) hin, die zur Aggregationshemmung führt. Anschließende 

vergleichende Untersuchungen von Altenusin mit dem bekannten PPAR Modulator Magnolol und 

Docking Studien deuten darauf hin, dass Altenusin auch an PPARgamma bindet. Diese Ergebnisse 

ergänzen vorausgegangene Berichte, welche Altenusin als Farsenoid X Rezeptor Modulator 

beschrieben. Farsenoid X Rezeptoren und PPAR Rezeptoren sind eng miteinander verwandt, sodass 

auch PPARs ein bedeutsames Target für Thrombozytenaggregation sind. 
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2. Projekt Erweiterung des Metabolitenprofils des endophytischen Pilzes Trichocladium sp. 

Der endophytische Pilz, Trichocladium sp., der aus den Wurzeln der Pflanze Houttuynia 

cordata isoliertwurde, wurde auf Reismediumkultiviert. Die chromatographische Aufarbeitung ergab 

ein neues Amidepsin Derivat (1) und ein neues reduziertes Azaphilon-Derivat (3), zusammen mit acht 

bekannten Verbindungen (4-11). Cocultivierung des Pilzes mit dem Bakterium Bacillus subtilis 

resultierte in der Isolation von einem weiteren neuen Naturstoff und in einer 10-fach erhöhten Ausbeute 

von Verbindung 11 Vergleich zu Kontrollkulturen. Darüber hinaus führten Kultivierungsversuche auf 

Erbsen anstatt auf Reis zur Isolation von einem neuen Sesquiterpen (13) und zwei bekannten 

Verbindungen. Nachdem 2% L-Tryptophan zum Reismedium hinzugegeben worden war, führte dies 

zur Isolation eines neuen Bismakrolaktons (15). Die Strukturen der neuen Naturstoffe wurden mittels 

HRESIMS, 1D und 2D NMR sowie mittels Vergleichen mit der Literatur bestimmt. Eine Kombination 

von TDDFT-ECD, TDDFT-SOR, DFT-VCD und DFT-NMR wurde angewendet, um sowohl die 

relative als auch die absolute Konfiguration von Verbindungen 13 und 15 zu bestimmen.  Die 

Verbindungen 7, 11 und 15 zeigten eine starke Zytotoxizität gegen L5178Y Maus Lymphom Zellen mit 

IC50 Werten von jeweils 0,3, 0,5 und 0,2 µM. (Tran-Cong et al., 2019) 

 

3. Furanoylsäure – Derivate aus dem endophytischem Pilz Coniothyrium sp.  

 Der endophytische Pilz Coniothyrium sp. wurde aus den Blättern der Eiche Quercus robur 

isoliert. Reisfermentation des Pilzes führte zur Isolierung von zwei neuen Furanoylsäurenderivaten (1 

und 2) und zwei bekannten Verbindungen. Die Strukturen der neuen Verbindungen wurden mittels 1D 

und 2D NMR als auch mit HRESIMS bestimmt. Alle isolierten Verbindungen wurden auf deren 

Zytotoxizität getestet, zeigten aber keine Aktivität. 
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1. Introduction 

 

Natural products and their derivatives have been used for medicinal purposes for millennia. 

Several examples can be dated back to the beginning of history. (Patridge et al., 2016) Morphine, a 

widely used analgesic drug, has been used for a long period of time and is still in use today. Its clay 

tablet dated back to the Sumerian time can be seen as one of the world’s oldest records of medicinal 

prescriptions. (Norn et al., 2005) In particular, the  ancient Greek Minoan as well as the Egyptian culture 

used poppy as a pain reliever. Furthermore, it has been reported that the oils of Cedrus (cedar), 

Cupressus sempervirens, Glycyrrhiza glabra, Commiphora species as well as Papaver somniferum were 

used since ancient times and can be dated back to 2,600 BC. (Cragg, Newman, 2001) Natural products 

and their derivatives have thus played an important role in drug discovery and have often acted as lead 

structures. (Harvey, 2008, Katz, Baltz, 2016, Pascolutti, Quinn, 2014) 

Until the end of 2013, the FDA has approved a total of 547 natural products and natural product 

derived compounds. (Butler et al., 2014) One third of them are non-mammalian natural products and 

biochemical natural products. Around 9.8% of the FDA approved new molecular entities (NME) are 

natural products that have not been structurally modified such as taxol. (Butler et al., 2014) These 

unmodified natural products offer a platform for further modifications. However, due to their toxicity 

or adverse effects they are often replaced by derivatives which are safer to use (Patridge et al., 2016) 

showing the importance of natural products as lead structures in drug discovery. Natural products used 

directly as active pharmaceutical ingredients (API) or as precursors for partial synthesis can be isolated 

from plants, bacteria or fungi and from animals such as cone snails (Olivera et al., 1985) or e.g. 

venomous lizards Heloderma suspectum, known as the “Gila monster”. (Hoshino et al., 1984)  However, 

total synthesis of natural products is also possible reducing exploitation from  nature such as for 

ziconotide, a peptide derived from the toxin of the cone snail Conus magus (Olivera et al., 1985, Venoms 

to Drugs: Venom as a Source for the Development of Human Therapeutics, 2015) which is produced 

via a stepwise linear solid-phase-process synthesis strategy on a kg scale with a yield of approximately 

20 %. Ziconotide is used to treat chronical pain. (Venoms to Drugs: Venom as a Source for the 

Development of Human Therapeutics, 2015)  

Natural products are classified into two main groups. Compounds which are present in all cells 

and are needed for survival, metabolism and reproduction, are known as primary metabolites. High 

molecular weight polymers such as cellulose, lignins or proteins are considered to be primary 

metabolites  (J.R. Hanson, 2003) . However, secondary metabolites are not directly involved in crucial 

metabolic processes but are usually characteristic for certain species. They often have an impact on other 

species e.g. for attraction of insects, chemical defence etc. (Stone, Williams, 1992, Traxler, Kolter, 

2015). Because of their limited distribution among certain species, secondary metabolites can be used 

for the chemotaxonomic determination of a species, genus or family. (J.R. Hanson, 2003). 
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Chemotaxonomy uses results from a chemical analysis of one or more compounds from an organism. 

(M.T. Madigan, T. D. Brock, 2013) . In particular, it allows the chemical profiling of fungal species 

such as Alternaria, Aspergillus etc. (Frisvad et al., 2008). It  can also be combined with plant taxonomy 

to classify higher plants (Hegnauer, 1986). Secondary metabolites can be categorized according to their 

biosynthesis as polyketides, fatty acids, terpenoids, steroids, phenylpropanoids, alkaloids, specialized 

amino acids, peptides and specialized carbohydrates. (J.R. Hanson, 2003)  

1.1. Polyketides 

The biosynthetic pathway of polyketides is based on acetyl-CoA. Acetyl-CoA is derived for 

example from glycolysis and is mainly used in the citric acid cycle for energy production in form of 

reducing equivalents. (Akram, 2014)  Polyketide biosynthesis is conducted stepwise by a 

multifunctional enzyme complex which is called polyketide synthases. (Hopwood, 1997) By 

condensation of an acetyl-CoA (C2-Unit) and malonyl-CoA unit (C3-Unit), one carboxyl function is 

lost and a beta-keto functional group is formed simultaneously. The term polyketide was defined by 

Collie. (Collie, 1907) (Hertweck, 2009) In general, polyketides can be roughly divided into two sub 

structural groups: complex and aromatic polyketides. (Hertweck, 2009)  Erythromycin, a well-

established antibiotic synthesized by Saccharopolyspora eryhtraea (Oliynyk et al., 2007), is an example 

for a natural polyketide which has been used for  more than five decades.  (Bunch, Mcguire, 1953)  

1.2. Fatty acids 

The biosynthesis of fatty acids is closely related to the biosynthesis of polyketides (Hertweck, 

2009) . Fatty acids consist of a carboxylic acid and an aliphatic carbon chain. The aliphatic carbon chain 

can be unsaturated or saturated. (Tvrzicka et al., 2011) 

 

Figure 1 examples for an unsaturated and a saturated fatty acid  

The immunomodulating drug fingolimod (Gilenya®) used for multiple sclerosis therapy 

(Kappos et al., 2010) is a derivative of  myriocin, a natural serine palmitoyltransferase inhibitor, which 

belongs to the subclass sphingolipids. (Harrison et al., 2018) Biosynthesis of sphingolipids is proposed 

to be derived from fatty acids such as palmitoyl-CoA. (Harrison et al., 2018)
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1.3. Terpenoids  

Fungal terpenoids are derived from isopentenyldiphosphate (IPP) and dimethylallyl diphosphate 

(DMAPP) (Schmidt-Dannert, 2015) both containing five carbon atoms respectively. The precursor for 

isopentenyldiphosphate (IPP) and dimethylallyl diphosphate (DMAPP) is often acetyl-CoA, which itself 

is derived from glycolysis or by fatty acid degradation. Plant derived terpenoids can also be derived 

from two pathways: Cytosolic mevalonic pathway or methylerythritol phosphate in plastids. (Tholl, 

2015)  

Terpenoids contain numbers of carbon atoms that can be divided by five as IPP and/or DMAPP 

react with each other or themselves in a so called head to tail reaction or tail to tail reaction. (Oldfield, 

Lin, 2012) Depending on the number of carbon atoms terpenoids are divided into monoterpenes (C10), 

sesquiterpenes (C15), diterpenes (C20), sesterterpenes (C25), triterpenes (C30) etc. Many terpenoids are 

biologically active and therefore pharmacologically interesting. (Wang et al., 2005) For example, the 

essential oil of thyme leaves, whose main composition is of terpenes, is used to treat productive cough 

or in general respiratory tract infections  

 

Figure 2 Different terpenoids are shown. Dimethylallylpyrophosphat and isopentenylpyrophosphat are 

core units of terpenoid biosynthesis. Citronellol is a monoterpene, phytan a diterpene and squalene is a 

triterpene. Components from essential oils are mostly terpenes such as the thyme’s essential oil. 

Essential oils from thyme leaves are used to treat productive cough or in general respiratory tract 

infections. 
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1.4. Alkaloids 

Alkaloids are a heterogeneous group that can be divided into various subclasses. About 12,000 

different alkaloids are known from plants. (Ziegler, Facchini, 2008) They are derived from amino acids 

and can be classified into subclasses depending on the type of the amino acid. In general, alkaloids 

include a nitrogen containing heterocycle and in most cases a basic nitrogen atom. There are exceptions 

to this as the nitrogen atom can be exocyclic as in e.g. ephedrine and paclitaxel. One of the most 

prominent alkaloids is morphine obtained from Papaver somniferum or opium poppy. (Norn et al., 2005) 

1.5. Steroids 

Steroids are derived from the mevalonic terpene pathway starting from six connected isoprene 

units forming the C30-unit squalene. (Dempsey, 1974) The type of steroid produced by a certain 

organism is often specific e.g. plant cells synthesize the so called phyto-sterols, fungal cells synthesize 

ergosterol and animals synthetize cholesterol. These primary metabolites increase the fluidity of cell 

membranes and walls. (Abe, Hiraki, 2009, Jain, 1975).  

1.6. Amino acids/Peptides  

 

Amino acids contain at least one basic amino function and one carboxylic moiety belonging to 

primary metabolism as well as serving as precursors for secondary metabolites. Some amino acids play 

a major role such as neurotransmitters, semiochemicals or building blocks for proteins needed for 

primary metabolism or hormones such as insulin. Peptides, as secondary metabolites, often serve for 

instance as defence or for hunting such as mentioned before for the cone snail toxins. Vancomycin, 

produced by Amycolatopsis orientalis (Zmijewski, Milton J., Jr., Briggs, 1989), is a glycopeptide that is 

used against problematic microbial infections.  
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Figure 3 Natural products mentioned in the categories above as examples for different compound 

classes 

2. Natural products from plants and fungi; sources for new molecular entities  

Nearly 22% of the new molecular entities are derived from fungi (Patridge et al., 2016) which are 

thus an interesting resource for drugs discovery.  

In 1929, the first beta lactam antibiotic penicillin was discovered by Alexander Fleming (Fleming, 

1929) He was awarded the Nobel prize in medicine along with Florey and Chain in 1945. (Bennett, 

Chung, 2001) From then on, fungal secondary metabolites began to attract the attention of scientists for 

natural products discovery. Penicillin had become “the paradigm for natural products drugs discovery”. 

(Bennett, Chung, 2001) Its structure as penicillamine hydrochloride was fully elucidated via X-Ray 

analysis in 1942 (Glusker, 1994) but only published later by Crowfoot et al. in 1949. (Crowfoot et al., 

2015) Penicillin’s ring system is formed by a L – cysteine and L-valine unit by the enzyme iso – 

Penicillin-N synthase (IPNS). (Baldwin, Abraham, 1988) This enzyme needs Fe3+, ascorbate and 

molecular oxygen as co-substrates. (Baldwin, Abraham, 1988) Furthermore, it was shown that culturing 

conditions such as airflow, stirring speed, pH, temperature etc. have an impact on the overall yield of 

penicillin. (Vardar, Lilly, 1982) Various derivatives have been developed from penicillin starting from 

penicillin V, the first orally acid stable penicillin. (Ernst, Hans, 1956) Methicillin was the first 

penicillinase stable penicillin. (Walker, SR, Walker, 2012) Ampicillin, a broad-spectrum antibiotic, was 

approved in 1962. (Acred et al., 1962)  It is worth to mention that penicillin G is the parent substance 
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for other penicillins. The history of penicillin antibiotics is a significant example of a well-established 

use of a fungal metabolite in medicine as well as of a lead compound used for further modifications such 

as amoxicillin.  

 

Figure 4 Penicillin and its derivatives.  

 

 

 

2.1.  Sources of fungi 

Fungi can be found everywhere. (Christensen, 1989) Because of their presence in different 

ecosystems, fungi have developed different strategies to survive in e.g. soil, sea water, lichens, plants, 

animals or under extreme conditions like black smokers or in the deep sea. The different climatic zones 

have direct and indirect effects on plants as well as on fungal diversity. (Tedersoo et al., 2014) Due to 

their diversity, fungi offer a great opportunity to discover unknown bioactive natural products which 

can serve as lead structures For example, natural products such as penicillin G which is used against 

syphilis (Sukthankar, 2014) and griseofulvin used against nail infections (Roberts, 1994), can be used 

directly without any modificarions.   Furthermore, a high fungal diversity including unculturable strains 

can be found in tropical and subtropical areas. The total number of fungi is estimated to be approximately 

5.1 million species. (Blackwell, 2011) This number offers great opportunities for drug discovery.  

Extreme living conditions such as mangroves with their fluctuating salt concentrations, arid 

regions and deep sea due the high water pressure or nutrition poor soils can offer interesting fungi. These 

fungi have got a high impact on the biological diversity of a given habitat and in case of endophytes on 

the ability of their hosts to increase fitness and stress tolerance. (Rodriguez et al., 2009) 

The endophytic fungus Penicillium brocae, isolated from fresh tissue of the marine mangrove 

plant Avicennia marina in Hainan, China, yielded six new cytotoxic bisthiodiketopiperazine derivatives 

namely brocazines A-F. Fermentation of this fungus was conducted on PDA medium at 28°C for 4 days. 
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Brocazine A and B exhibited cytotoxicity against SW480 tumor cell lines with an IC50 of 2.0 and 1.2 

µM, respectively. Brocazine F exhibited strong cytotoxicity against DU145 and NCI-H460 cells with 

IC50 values of 1.7 and 0.89 µM, respectively. (Meng et al., 2014) 

When the same fungus was cultivated on Czapek medium, the extracts yielded four new 

diketopiperazine alkaloids namely spirobrocazine A-C and brocazine G. Brocazine G exhibited potent 

activity against A2780 and also against A2780 cisplatin resistant tumor cell lines with IC50 values of 

664 and 661 nM, respectively. (Meng et al., 2016) suggesting that changing media is a good approach 

to enhance diversity of compounds. This topic is further described in the OSMAC section. 

Deep see derived fungi or marine derived fungi are also great sources for bioactive natural 

products. Halimide, an aromatic alkaloid, was first isolated following fermentation of the marine fungus 

Aspergillus sp. CNC139 collected from waters off the Philippine Islands. (William Fenical,Paul R. 

Jensen,Xing C. Cheng. Halimide, a cytotoxic marine natural product, and derivatives thereof. 

US6069146A) Its mechanism of action relies on the inhibition of the polymerization of tubulin by 

binding to a region between α and β tubulin. This region is located next to the colchicine binding site. 

Further studies on plinabulin, a synthetic analogue of halimide, revealed that it is able to disrupt tumor 

vascularization leading to the idea of combination of chemotherapeutics e.g. with docetaxel against non-

small cell lung cancer. 

From a deep ocean sediment sample collected at a depth 5,080 m, the marine fungus Penicillium 

sp. was isolated. Sea-water-based-culture PDB media were used for its fermentation. This led to the 

isolation of four new alkaloids two of which exhibited a diketopiperazine moiety. The other two were 

meleagrin analogs. However, the new compounds were inactive against HL-60 cell lines compared to 

the known compound meleagrin. Meleagrin exhibited IC50 values of 6.7 and 2.7 µM against HL-60 and 

A-549, respectively. (Du et al., 2010) 

Traditional medicinal herbs can also be an interesting source for obtaining new interesting 

fungal endophytes from which many bioactive compounds can be isolated. Well established medicinal 

herbs such as Quercus robur and Ranuculus sceleratius are promising sources to obtain undescribed 

endophytic fungi and/or fungi which are producing interesting natural products. In particular, 

undescribed endophytic fungi are interesting because their extracts provide a higher probability to isolate 

new natural products.  

Kowalski et al. isolated from the same species of Quercus an undescribed fungus 

Cryptosporiopsis radicicola sp. .(Kowalski, Bartnik, 1995) Also oak pathogenic fungi are interesting to 

isolate and determine. From an infected cork oak, Quercus suber, the plant pathogenic fungus Diplodia 

mutila was isolated. Work up of its liquid culture led to the isolation of diplopyrone, a new phytotoxic 

tetrahydropyranpyran-2-one. (Evidente et al., 2003) The cultivation of the undescribed coprophilous 
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fungus Niesslia sp. , isolated from horse dung in Texas, USA., with SMYA – media afforded two new 

antifungal wortmannin derivatives, namely wortmannin C and D. (Dischler et al., 2019)  

The previously mentioned examples demonstrated that well-known medicinal plants can also 

provide undescribed endophytic fungi yielding new natural product candidates for drug discovery.  
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2.2.  Silent Gene Clusters 

In fungi and bacteria not all gene clusters are always active. During cultivation under laboratory 

conditions, only some genes that encode for secondary metabolites are active. After sequencing fungal 

genomes, it became clear that a high percentage of secondary metabolite gene clusters are kept silent. 

The fungal metabolism reacts to different environmental conditions. (Grimaldi et al., 2006) In order to 

activate silent gene clusters, several strategies have been developed such as OSMAC, co-cultivation, 

epigenetic and genetic modification. Similar fungal genes are grouped like other eukaryotic genes in 

gene clusters. (Nierman et al., 2005) 

2.3.  OSMAC  

The term OSMAC is an acronym for “One Strain Many Compounds”. This term was first 

introduced by Fuchser and Zeeck in 1997. (Fuchser, ZEECK, 1997) As in the case of Zeeck et al. such 

changes can include altering the media type, the physical properties such as static or stirring conditions, 

or the atmosphere such as overpressure. (Daletos, G., Ebrahim, W., Ancheeva, E., El-Neketi, M., Lin, 

WH., Proksch, P., 2017) It emphasizes how a single strain can produce different compounds when 

cultivated under different fermentation conditions. Changes in fermentation conditions include different 

parameters such as temperature, media type, media composition and aeration. By altering the culturing 

conditions of the fungus Aspergillus ochraceus, three new 10-membered lactones were isolated that had 

not been detectable in control cultures. Therefore, Fuchser and Zeeck summarized their approach as an 

“alternative method to enhance metabolite diversity” (…) and termed it as  “one strain many 

compounds”. (Fuchser, ZEECK, 1997) Moreover, the OSMAC approach was applied with Streptomyces 

sp. and also proved to be successful in finding new natural products.  (SCHIEWE, ZEECK, 1999) UV 

– radiation can also be used as a modification of cultivation as Bode et al. have demonstrated. (Bode et 

al., 2000) Additionally, Vardar et al. have experienced similar findings by changing culturing conditions 

in penicillin production by fungi. (Vardar, Lilly, 1982) These consecutive approaches demonstrated that 

small changes in cultivation parameters result in diversification or enhancement of secondary 

metabolites production.  

Cultivation of the endophytic fungus Fusarium tricinctum on solid rice medium that had been 

supplemented with fruit and vegetable juices led to the discovery of a new natural product, fusarielin J,  

which was not detectable when the fungus was grown on rice medium without juices. In addition, two 

known compounds namely fusarielin A and B were isolated. Fusarielin J exhibited cytotoxicity against 

human ovarian cancer A2780 cells with an IC50 value of 12.5 μM. (Hemphill et al., 2017) Moreover, 

small changes such as using distilled water instead of tap water for the preparation of PDB medium 

(potato dextrose broth) in cultivating the fungus Paraphaeosphaeria quadriseptata resulted in the 

isolation of six new secondary metabolites. (Paranagama et al., 2007) 
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2.4.  Co-cultivation  

Under normal lab conditions microorganisms are cultivated axenically. This often results in 

silencing of biogenetic gene clusters. (Burstein et al., 1965) Co-cultivation can be applied to simulate 

interactions (quorum sensing, siderophores, etc.) between microorganisms which also happen in nature. 

(Bertrand et al., 2014, Marmann et al., 2014, Netzker et al., 2015)  This may lead  on one hand to an 

increase or decrease of secondary metabolites or enhance the production of new natural products which 

are not detectable under axenic laboratory conditions. Thus, co-cultivation mimics microbial 

competition which takes place under natural conditions. 

2.5.  Epigenetic modification 

Epigenetic modification is an approach to trigger silent gene clusters without manipulating the 

DNA in order to induce secondary metabolites production.  

Generally, the targets for an epigenetic modification approach are commonly histone 

deacetylases, or DNA methyl transferases. Therefore, inhibitors are used and grouped into two classes: 

Histone deacetylase inhibitors (HDAC) like trichostatin A (TSA) and suberoylanilide hydroxamic acid 

(SAHA) and DNA methyl transferase inhibitors like 5 – azacytidine (5-AC) as well as aza-2’-

deoxcytidine (decitabine). (Williams et al., 2008) 

Cultivation of the endophytic fungus Chaetomium sp. with the epigenetic modifiers 

suberoylanilide hydroxamic acid and 5-azacytidine led to an upregulation of two benzophenone 

derivatives. One of the benzophenone derivatives namely SB238569 exhibited strong cytotoxicity 

against the mouse lymphoma cell line L5178Y with an IC50 value of 1 µM. (Akone et al., 2016) 
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3.   Drug Discovery Process 

Whenever compounds are promising as future drug candidates, they are submitted to pre-clinical 

studies followed by clinical studies with patients. On the one hand academia can proceed with drug 

development at least with regard to the preclinical phase, on the other hand drug development especially 

during clinical evaluation is an expensive and time costing project (Adams, van Brantner, 2006) which 

can last more than 10 years and will cost more than 500 Million Euro. (Abrantes-Metz et al., 2004) 

(DiMasi et al., 2003) The next section gives an example on the topic of drug development. 

Drug development is divided into four phases including the preclinical development. Drug 

discovery is the step, which is located before the preclinical phase. There is also no guarantee that an 

active compound is not abandoned due to unexpected adverse effects. Overall analysis revealed that the 

success rate of new molecular entities was 6.2% demonstrating also that 93.8% of studies failed 

(Mullard, 2016). On the one hand the responsible pharmaceutical company, which is developing the 

drug, can stop clinical studies, or the medical agency monitoring clinical trials can order to stop further 

development. In Germany, the Arzneimittelgesetz (Drug Law) was reformed after the Contergan® crisis 

in 1961 and 1978. (Wille, Schönhöfer, 2002) In the past, it had been necessary to confirm only quality 

and harmlessness. (Wille, Schönhöfer, 2002) Furthermore, there was no need for proving efficacy. For 

this reason, during the discovery of the adverse effects caused by of Contergan® on development of 

embryos, a demand for proving efficacy was introduced, too.  

Drug Discovery phase includes the discovery, target finding including molecular modelling 

such as docking and scoring functions with virtual screening approach (Kitchen et al., 2004), as well as 

modifications for obtaining better physical – chemical properties. The importance of molecular 

modelling to predict and explore targets and binding solutions has increased. It allows for a better 

understanding of molecular properties and enables derivatization in order to enhance efficacy. 

(Tollenaere, 1996) This is known as lead structure optimization.   In-silico virtual screening with 

appropriate efficient computer systems permits the screening of huge numbers of compounds, sorting 

them by chemical properties in order to reduce the numbers for in-vitro screening assays. Choosing the 

right docking model is crucial for the success and the accuracy of the approach. (Cross et al., 2009, 

Shoichet, 2004) Virtual screening combined with docking experiments  can also lead to negative results. 

After bio- and toxicity assays as well as animal testing were conducted with no sign of severe necrosis 

in cell studies, phase I of clinical trials begins. Phase I includes a small number of healthy volunteers 

with the aim to investigate safety and kinetics in the human body. (Reilly et al., 2013) Phase II of clinical 

trials starts after Phase I but now patients, who carry the disease under investigation, are chosen to be 

tested. The aim is to check for efficacy and expand the knowledge about safety of the drug. (Simon, 

1989) Phase III of clinical trials is used to confirm the results of Phase II; the difference being that Phase 

III includes far more patients than phase II. (Opal et al., 1997) After approval by the responsible agencies 

(FDA, EMA, etc.) phase IV starts after the market launch with the goal of continuing to observe safety 
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related issues such as to identify side effects which have not been found in the preceding clinical studies, 

on the other hand to identify possible new indications for the drug. (Suvarna, 2010) 

At present plinabulin, an anticancer agent of fungal origin which goes back to the lead structure 

halimide, has reached clinical phase III. Eight studies are listed on clinicaltrials.gov of which one was 

terminated, two were completed, two are still ongoing but recruiting subjects has been finished and three 

are still recruiting (status from 4:36 pm, 2019/04/30). One study with the code: “DUBLIN-3” 

(NCT02504489) is labeled as Phase III with the indication small cell lung cancer. 

 

Figure 5 Simplified scheme of a typical clinical trial  
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4.  Aim of this study/thesis 

 
As mentioned above, fungi are promising sources to obtain novel and bioactive natural products. 

The aim of this study is to investigate bioactive secondary metabolites from promising endophytic fungi 

as potential lead structures against pathogenic microorganisms or cancer. Hitherto undescribed or less 

investigated endophytic fungi are also interesting due their potential of containing new secondary 

metabolites. The fungi are selected due to screening results of an in-house spectral library containing 

secondary metabolites based on UV and LC-MSspectra. In order to expand the metabolic pattern of 

these fungi in the search for new natural products, different cultivation methods such as the One Strain 

Many Compounds (OSMAC) approach by changing media or by applying different soil derived bacteria 

such as Streptomyces lividans and Bacillus subtilis for co-cultivation are used. In particular, fungal 

metabolites are isolated, structurally elucidated and analyzed for their biological activities. New 

compounds are evaluated regarding their antibiotic and cytotoxic activity.  

Two endophytic fungal strains, Talaromyces sp. and Trichocladium sp., isolated from a 

traditional Vietnamese medicinal plant Houttuynia cordata (Sauraceae) and an undescribed 

Coniothyrium sp., obtained from the leaves of the medicinal plant Quercus robur were chosen for this 

dissertation.  
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5. Publication 1 - The mycotoxin altenusin is a platelet aggregation inhibitor  

Ready to submit 
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6. Publication 2 -Induction of Cryptic Metabolites of the Endophytic Fungus Trichocladium sp. 

through OSMAC and Co-Cultivation 

 

Induction of Cryptic Metabolites of the Endophytic Fungus Trichocladium sp. through OSMAC 

and Co-Cultivation 

 

Published in “Royal Society of Chemistry Advances” 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

N. M. Tran-Cong, A. Mándi, T. Kurtán, W. E. G. Müller, R. Kalscheuer, W. Lin, Z. Liu and P. 

Proksch, RSC Adv., 2019, 9, 27279  Published by The Royal Society of Chemistry. 



Publication 2 

63 
 

 

 

 

 



Publication 2 

64 
 



Publication 2 

65 
 



Publication 2 

66 
 



Publication 2 

67 
 



Publication 2 

68 
 



Publication 2 

69 
 



Publication 2 

70 
 



Publication 2 

71 
 



Publication 2 

72 
 

 

 

 

 



Publication 2 

73 
 

Supporting Information 

 

Induction of Cryptic Metabolites of the Endophytic Fungus Trichocladium sp. through OSMAC and 

Co-Cultivation 

 

Nam Michael Tran-Cong,a Attila Mándi,b Tibor Kurtán,b Werner E.G. Müller,c Rainer Kalscheuer,a Wenhan 

Lin,d Zhen Liu,a,* Peter Prokscha,* 

 

aInstitute of Pharmaceutical Biology and Biotechnology, Heinrich Heine University Düsseldorf, 

Universitätsstrasse 1, 40225 Düsseldorf, Germany 

bDepartment of Organic Chemistry, University of Debrecen, P.O. Box 400, H-4002 Debrecen, Hungary 

cInstitute of Physiological Chemistry, Universitätsmedizin der Johannes Gutenberg-Universität Mainz, 55128 

Mainz, Germany 

dState Key Laboratory of Natural and Biomimetic Drugs, Peking University, Beijing 100191, China 

 

 

 

 

 

 

 

 

 

 

 

 

 

Disclaimer :  This version (supporting information) does not contain information  about  cartesian 

coordinates (see Table S4. , Table S5. and Table S6. For full supporting information please see DOI: 

10.1039/c9ra05469c



Publication 2 

74 
 

Supporting Information 

Induction of Cryptic Metabolites of the Endophytic Fungus Trichocladium sp. 

through OSMAC and Co-Cultivation 

Nam Michael Tran-Cong,a Attila Mándi,b Tibor Kurtán,b Werner E.G. Müller,c Rainer Kalscheuer,a
 

Wenhan Lin,d Zhen Liu,a,* Peter Prokscha,*
 

aInstitute of Pharmaceutical Biology and Biotechnology, Heinrich Heine University Düsseldorf, 

Universitätsstrasse 1, 40225 Düsseldorf, 

Germany 
bDepartment of Organic Chemistry, University of Debrecen, P.O. Box 400, H-4002 Debrecen, Hungary 

cInstitute of Physiological Chemistry, Universitätsmedizin der Johannes Gutenberg-Universität Mainz, 55128 

Mainz, Germany 

dState Key Laboratory of Natural and Biomimetic Drugs, Peking University, Beijing 100191, China 

1 

 

 
 



Publication 2 

75 
 

Contents 

Figure S1. The HRESIMS of compound 1 ................................................................................................. 5 

Figure S2. The 1H NMR (600 MHz, DMSO-d6) spectrum of compound 1 .................................................... 6 

Figure S3. The COSY (300 MHz, DMSO-d6) spectrum of compound 1 ........................................................ 7 

Figure S4. The HSQC (300 MHz, DMSO-d6) spectrum of compound 1 ....................................................... 8 

Figure S5. The HMBC (600MHz, DMSO-d6) spectrum of compound 1 ....................................................... 9 

Figure S6. The ROESY (600MHz, DMSO-d6) spectrum of compound 1 ..................................................... 10 

Figure S7. The UV spectrum of compound 1 ......................................................................................... 11 

Figure S8. The HPLC chromatogram of compound 1 with L-FDAA for Marfey’s method ...................... 11 

Figure S9. The HPLC chromatogram of DL-aspartic acid with L-FDAA  for Marfey’s method ................ 12 

Figure S10. The HPLC chromatogram of L-aspartic acid with L-FDAA for  Marfey’s method ................. 13 

Figure S11. The HRESIMS of compound 2 ............................................................................................. 14 

Figure S12. The 1H NMR (500 MHz, CD3OD) spectrum of compound 2 ................................................... 15 

Figure S13. The 13C NMR (125 MHz, CD3OD) spectrum of compound 2 ............................................... 16 

Figure S14. The COSY (500 MHz, CD3OD) spectrum of compound 2 ....................................................... 17 

Figure S15. The HSQC (500 MHz, CD3OD) spectrum of compound 2 ....................................................... 18 

Figure S16. The HMBC (500 MHz, CD3OD) spectrum of compound 2 ...................................................... 19 

Figure S17. The ROESY (500 MHz, CD3OD) spectrum of compound 2 ...................................................... 20 

Figure S18. The UV spectrum of compound 2 ....................................................................................... 21 

Figure S19. The HRESIMS of compound 3 ............................................................................................. 21 

Figure S20. The 1H NMR (600 MHz, CDCl3) spectrum of compound 3 ..................................................... 22 

Figure S21. The 13C NMR (150 MHz, CDCl3) spectrum of compound 3 ................................................. 23 

Figure S22. The COSY (600 MHz, CDCl3) spectrum of compound 3 ......................................................... 24 

Figure S23. The HSQC (600 MHz, CDCl3) spectrum of compound 3 ......................................................... 25 

Figure S24. The HMBC (600 MHz, CDCl3) spectrum of compound 3 ........................................................ 26 

Figure S25. The ROESY (600 MHz, CDCl3) spectrum of compound 3........................................................ 27 

Figure S26. The UV spectrum of compound 3 ....................................................................................... 28 

Figure S27. The HRESIMS of compound 13 ........................................................................................... 28 

Figure S28. The 1H NMR (600 MHz, CD3OD) spectrum of compound 13 .................................................. 29 

Figure S29. The COSY (600 MHz, CH3OD) spectrum of compound 13...................................................... 30 

Figure S30. The HSQC (600 MHz, CD3OD) spectrum of compound 13 ..................................................... 31 

Figure S31. The HMBC (600 MHz, CD3OD) spectrum of compound 13 .................................................... 32 

Figure S32. The ROESY (600 MHz, CD3OD) spectrum of compound 13 .................................................... 33 

Figure S33. The UV spectrum of compound 13 ..................................................................................... 34 

2 

 



Publication 2 

76 
 

Figure S34. Experimental ECD spectrum of 13 in MeCN compared with the Boltzmann-weighted 

PBE0/TZVP SMD/MeCN ECD spectrum of (1S,5S,9S,17S)-13. Level of optimization: SOGGA11-  X/TZVP 

SMD/MeCN. Bars represent the rotatory strength values of  the  lowest-energy conformer ............... 35 

Figure S35. Experimental ECD spectrum of 13 in MeCN compared with the Boltzmann-weighted 

PBE0/TZVP SMD/MeCN ECD spectrum of (1R,5R,9R,17S)-13. Level of optimization: SOGGA11- X/TZVP 

SMD/MeCN. Bars represent the rotatory strength values of the lowest-energy conformer ............... 36 

Figure S36. Experimental ECD spectrum of 13 in MeCN compared with the lowest-energy PBE0/TZVP 

PCM/MeCN ECD spectrum of (1R,5R,9R,17S)-13. Level of optimization: ωB97X/TZVP PCM/MeCN.  Bars 

represent the rotatory strength values of  the lowest-energy conformer ............................................ 37 

Figure S37. Structure and population of the low-energy SOGGA11-X/TZVP SMD/MeCN conformers 

(>1%) of (1S,5S,9S,17S)-13 ............................................................................................................ 38 

Figure S38. Structure and population of the low-energy SOGGA11-X/TZVP SMD/MeCN conformers 

(>1%) of (1R,5R,9R,17S)-13 ........................................................................................................... 39 

Figure S39. Structure and population of the lowest-energy  (24.5%)  ωB97X/TZVP  PCM/MeCN 

conformer of (1R,5R,9R,17S)-13 giving moderate normal agreement with the experimental spectrum

 ................................................................................................................................................................. 40 

Table S1. Boltzmann populations and specific optical rotations of the low-energy conformers of 

(1S,5S,9S,17S)-13 computed at various levels for the CAM-B3LYP/TZVP PCM/MeOH conformers ..... 41 

Table S2. Boltzmann populations and specific optical rotations of the low-energy conformers of 

(1R,5R,9R,17S)-13 computed at various  levels for the CAM-B3LYP/TZVP PCM/MeOH conformers .... 41 

Figure S40. The HPLC chromatogram of L-Valin L-FDAA for Marfey’s method .................................... 42 

Figure S41. The HPLC chromatogram of DL-Valin L-FDAA for Marfey’s method .................................. 43 

Figure S42. The HPLC chromatogram of compound 13 with L-FDAA for Marfey’s method ................ 44 

Figure S43. The HPLC chromatogram of L-Valin D-FDAA for Marfey’s method ................................... 45 

Figure S44. The HPLC chromatogram of compound 13 with D-FDAA for Marfey’s method ................ 46 

Figure S45. The HRESIMS of compound 15 .......................................................................................... 47 

Figure S46. The 1H NMR (600 MHz, CD3OD) of compound 15 ............................................................... 48 

Figure S47. The 13C NMR (150 MHz, CD3OD) of compound 15 .............................................................. 49 

Figure S48. The COSY (600 MHz, CD3OD)  of compound 15.................................................................... 50 

Figure S49. The HSQC (600 MHz, CD3OD)  of compound 15 ................................................................... 51 

Figure  S50. The HMBC (600 MHz, CD3OD) of compound 15 .................................................................. 52 

Figure S51. The ROESY (600 MHz, CD3OD) of  compound 15 .................................................................. 53 

Figure S52. The UV spectrum of  compound 15 ..................................................................................... 54 

Figure S53. Structure and population of the low-energy ωB97X/TZVP PCM/MeCN conformers (>1%) of 

(2R,8R,10R,13R)-15 ....................................................................................................................... 55 

Figure S54. Structure and population of the low-energy ωB97X/TZVP PCM/MeCN conformers (>1%) of 

(2R,8R,10R,13S)-15 ....................................................................................................................... 56 

Table S3. Comparison of the experimental and the mPW1PW91/6-311+(2d,p) // mPW1PW91/6- 

311+(2d,p) 13C NMR data of (2R,8R,10R,13R)-15 and (2R,8R,10R,13S)-15. For a better comparison Δδ 

values over 2.5 were marked with yellow and those over 5.0 with red. .............................................. 57 

3 

 



Publication 2 

77 
 

Table S4. Cartesian coordinates and energies of the low-energy conformers calculated at the   

ωB97X/TZVP PCM/MeCN level ............................................................................................................... 58 

Table S5. Cartesian coordinates and energies of the low-energy conformers calculated at the 

SOGGA11- X/TZVP SMD/MeCN level ...................................................................................................... 89 

Table S6. Cartesian coordinates and energies of the low-energy conformers calculated at the   

B3LYP/TZVP PCM/CHCl3 level ............................................................................................................... 104 

Figure S55. HPLC overlays of the crude extracts ......................................................................................... 117 

Table  S7. Yield (mg/flask) of compound 11 in axenic fungal control and in coculture with Bacillus   subtilis

 ...................................................................................................................................................................... 118 

Figure S56. The 1H NMR (600 MHz, CD3Cl) spectrum of compound 2 after storage in EtOAc ........... 119 

Figure S57. LCMS of compound 2 after storage  in EtOAc ........................................................................... 120 

Table S8. Raw data of compound 7 against the L51178Y mouse lymphoma cell line ........................ 121 

Figure S58. Dose-dependence curve of compound 7 against the L5178Y mouse lymphoma cell line

 ............................................................................................................................................................... 122 

Table S9. Raw data of compound 11 against the L51178Y mouse lymphoma cell line ...................... 123 

Figure S59. Dose-dependence curve of compound 11 against the L5178Y mouse lymphoma cell line

 ............................................................................................................................................................... 124 

Table S10. Raw data of compound 15 against the L51178Y mouse lymphoma cell line .................... 125 

Figure S60. Dose-dependence curve of compound 15 against the L5178Y mouse lymphoma cell line

 ............................................................................................................................................................... 126 

4 

 



Publication 2 

78 
 

Figure S1. The HRESIMS of compound 1 
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Figure S2. The 1H NMR (600 MHz, DMSO-d6) spectrum of compound 1 
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Figure S3. The COSY (300 MHz, DMSO-d6) spectrum of compound 1 
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Figure S4. The HSQC (300 MHz, DMSO-d6) spectrum of compound 1 
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Figure S5. The HMBC (600MHz, DMSO-d6) spectrum of compound 1 

9 

 



Publication 2 

83 
 

Figure S6. The ROESY (600MHz, DMSO-d6) spectrum of compound 1 
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Figure S7. The UV spectrum of compound 1 

Figure S8. The HPLC chromatogram of compound 1 with L-FDAA for Marfey’s method 
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Figure S9. The HPLC chromatogram of DL-aspartic acid with L-FDAA for Marfey’s method 
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Figure S10. The HPLC chromatogram of L-aspartic acid with L-FDAA for Marfey’s method 
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Figure S11. The HRESIMS of compound 2 
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Figure S12. The 1H NMR (500 MHz, CD3OD) spectrum of compound 2 
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Figure S13. The 13C NMR (125 MHz, CD3OD) spectrum of compound 2 
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Figure S14. The COSY (500 MHz, CD3OD) spectrum of compound 2 
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Figure S15. The HSQC (500 MHz, CD3OD) spectrum of compound 2 
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Figure S16. The HMBC (500 MHz, CD3OD) spectrum of compound 2 
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Figure S17. The ROESY (500 MHz, CD3OD) spectrum of compound 2 20 
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Figure S18. The UV spectrum of compound 2 

Figure S19. The HRESIMS of compound 3 21 
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Figure S20. The 1H NMR (600 MHz, CDCl3) spectrum of compound 3 
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Figure S21. The 13C NMR (150 MHz, CDCl3) spectrum of compound 3 
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Figure S22. The COSY (600 MHz, CDCl3) spectrum of compound 3 
24 

 



Publication 2 

98 
 

Figure S23. The HSQC (600 MHz, CDCl3) spectrum of compound 3 
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Figure S24. The HMBC (600 MHz, CDCl3) spectrum of compound 3 
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Figure S25. The ROESY (600 MHz, CDCl3) spectrum of compound 3 
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Figure S26. The UV spectrum of compound 3 

Figure S27. The HRESIMS of compound 13 
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Figure S28. The 1H NMR (600 MHz, CD3OD) spectrum of compound 13 
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Figure S29. The COSY (600 MHz, CH3OD) spectrum of compound 13 

30 

 



Publication 2 

104 
 

Figure S30. The HSQC (600 MHz, CD3OD) spectrum of compound 13 
31 

 



Publication 2 

105 
 

Figure S31. The HMBC (600 MHz, CD3OD) spectrum of compound 13 
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Figure S32. The ROESY (600 MHz, CD3OD) spectrum of compound 13 
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Figure S33. The UV spectrum of compound 13 
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Figure S34. Experimental ECD spectrum of 13 in MeCN compared with the Boltzmann-

weighted PBE0/TZVP SMD/MeCN ECD spectrum of (1S,5S,9S,17S)-13. Level of 

optimization: SOGGA11-X/TZVP SMD/MeCN. Bars represent the rotatory strength 

values of the lowest-energy conformer. 
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Figure S35. Experimental ECD spectrum of 13 in MeCN 
compared with the Boltzmann-weighted PBE0/TZVP 
SMD/MeCN ECD spectrum of (1R,5R,9R,17S)-13. Level of 
optimization: SOGGA11-X/TZVP SMD/MeCN. Bars represent 
the rotatory strength values of the lowest-energy conformer. 
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Figure S36. Experimental ECD spectrum of 13 in MeCN 

compared with the lowest-energy PBE0/TZVP PCM/MeCN 

ECD spectrum of (1R,5R,9R,17S)-13. Level of optimization: 

ωB97X/TZVP PCM/MeCN. Bars represent the rotatory 

strength values of the lowest-energy conformer. 
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Figure S37. Structure and population of the low-energy SOGGA11-

X/TZVP SMD/MeCN conformers (>1%) of (1S,5S,9S,17S)-13. 
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Figure S38. Structure and population of the low-energy 

SOGGA11-X/TZVP SMD/MeCN conformers (>1%) of 

(1R,5R,9R,17S)-13. 
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Figure S39. Structure and population of the lowest-energy 

(24.5%) ωB97X/TZVP PCM/MeCN conformer of 

(1R,5R,9R,17S)-13 giving moderate normal agreement with 

the experimental spectrum. 
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Table S1. Boltzmann populations and specific optical rotations of the low-energy conformers of (1S,5S,9S,17S)-13 computed at various 

levels for the CAM-B3LYP/TZVP PCM/MeOH conformers. 

Table S2. Boltzmann populations and specific optical rotations of the low-energy conformers of (1R,5R,9R,17S)-13 computed at various 

levels for the CAM-B3LYP/TZVP PCM/MeOH conformers. 

41 

Conformer Boltzmann population 
B3LYP/TZVP 

PCM/acetone 

BH&HLYP/TZVP 

PCM/acetone 

CAM-B3LYP/TZVP 

PCM/acetone 

PBE0/TZVP 

PCM/acetone Conf. A 27.71 -232.94 -173.86 -189.03 -233.36 
Conf. B 26.26 -226.28 -179.97 -188.62 -224.40 
Conf. C 17.71 61.33 36.20 45.85 57.12 
Conf. D 7.84 -109.95 -74.11 -82.49 -109.60 
Conf. E 6.68 -215.93 -157.75 -171.23 -216.53 
Conf. F 6.16 -156.34 -113.01 -121.56 -155.20 
Conf. G 2.44 45.40 27.45 38.13 42.88 
Conf. H 1.78 61.30 38.97 49.17 57.60 

Conf. I 1.72 57.21 33.29 42.28 47.30 
Conf. J 1.38 165.66 128.77 143.60 162.51 

Average N/A -140.76 -108.97 -115.04 -141.41 

Conformer Boltzmann population 
B3LYP/TZVP 

PCM/acetone 

BH&HLYP/TZVP 

PCM/acetone 

CAM-B3LYP/TZVP 

PCM/acetone 

PBE0/TZVP 

PCM/acetone Conf. A 40.93 -187.33 -147.95 -162.42 -186.18 
Conf. B 19.22 -151.15 -125.76 -134.37 -147.79 
Conf. C 11.88 -121.90 -103.53 -108.98 -120.47 
Conf. D 10.01 -203.98 -158.23 -176.23 -200.78 
Conf. E 6.80 -103.16 -83.91 -90.43 -99.13 
Conf. F 4.68 150.48 108.11 116.47 149.72 
Conf. G 2.39 -191.12 -146.17 -162.36 -188.44 
Conf. H 1.38 -36.76 -13.57 -23.89 -31.78 
Conf. I 1.14 -83.09 -50.83 -62.13 -77.51 

Average N/A -148.95 -119.64 -130.55 -146.88 
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Figure S40. The HPLC chromatogram of L-Valin L-FDAA for Marfey’s method 
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Figure S41. The HPLC chromatogram of DL-Valin L-FDAA for Marfey’s method 
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Figure S42. The HPLC chromatogram of compound 13 with L-FDAA for Marfey’s method 
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Figure S43. The HPLC chromatogram of L-Valin D-FDAA for Marfey’s method 
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Figure S44. The HPLC chromatogram of compound 13 with D-FDAA for Marfey’s method 
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Figure S45. The HRESIMS of compound 15 
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Figure S46. The 1H NMR (600 MHz, CD3OD) of compound 15 
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Figure S47. The 13C NMR (150 MHz, CD3OD) of compound 15 49 
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Figure S48. The COSY (600 MHz, CD3OD) of compound 15 
50 

 



Publication 2 

124 
 

Figure S49. The HSQC (600 MHz, CD3OD) of compound 15 
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Figure S50. The HMBC (600 MHz, CD3OD) of compound 15 52 
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Figure S51. The ROESY (600 MHz, CD3OD) of compound 15 
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Figure S52. The UV spectrum of compound 15 
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Figure S53. Structure and population of the low-energy 

ωB97X/TZVP PCM/MeCN conformers (>1%) of 

(2R,8R,10R,13R)-15. 
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Figure S54. Structure and population of the low-energy 

ωB97X/TZVP PCM/MeCN conformers (>1%) of (2R,8R,10R,13S)-15. 
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Table S3. Comparison of the experimental and the mPW1PW91/6-311+(2d,p) // mPW1PW91/6-311+(2d,p) 13C NMR data of 

(2R,8R,10R,13R)-15 and (2R,8R,10R,13S)-15. For a better comparison Δδ values over 2.5 were marked with yellow and those over 5.0 

with red. 
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Carbon Exp. calcd (2R,8R,10R,13R)-15 calcd (2R,8R,10R,13S)-15 Δδ (2R,8R,10R,13R)-15 Δδ (2R,8R,10R,13S)-15 
C-2 71.2 72.60 75.77 1.40 4.57 

C-3 37.1 40.37 41.11 3.27 4.01 
C-4 143.6 151.29 153.11 7.69 9.51 
C-5 125.1 125.68 127.42 0.58 2.32 

C-6 164.5 165.97 168.99 1.47 4.49 
C-8 65.2 64.45 68.31 0.75 3.11 
C-9 38.4 39.82 41.32 1.42 2.92 

C-10 73.0 76.04 77.86 3.04 4.86 
C-11 209.1 212.93 216.57 3.83 7.47 
C-12 41.8 41.47 43.92 0.33 2.12 

C-13 49.8 50.90 55.79 1.10 5.99 
C-14 172.3 172.06 173.68 0.24 1.38 
C-15 20.0 19.89 20.31 0.11 0.31 

C-16 20.5 20.06 20.72 0.44 0.22 
C-17 149.2 149.65 152.29 0.45 3.09 
C-18 111.4 109.11 113.10 2.29 1.70 

C-19 134.5 136.70 139.34 2.20 4.84 
C-20 115.5 113.53 116.62 1.97 1.12 
C-21 131.9 133.99 135.79 2.09 3.89 

C-22 111.2 106.80 109.53 4.40 1.67 
C-23 169.7 168.29 172.23 1.41 2.53 

CMAE N/A N/A N/A 1.95 3.48 

 



Publication 2 

131 
 

Figure S55. HPLC overlays of the crude extracts. 
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Table S7. Yield (mg/flask) of compound 11 in axenic fungal control and in coculture with Bacillus subtilis. 

flask number Control Coculture 

1 

2 

3 

4 

5 

13.4 

1.8 

1.9 

14.0 

2.3 

72.3 

65.1 

51.5 

74.7 

76.8 

68.1 ± 9.2 
x 
̅ 6.7 ± 5.8 
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Figure S56. The 1H NMR (600 MHz, CD3Cl) spectrum of compound 2 after storage in EtOAc. 
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Figure S57. LCMS of compound 2 after storage in EtOAc. 
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Table S8. Raw data of compound 7 against the L51178Y mouse lymphoma cell line. 
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Blank 

 

      

Mean 

 

 

Mean- 

Blank 

 

 

Growth in % 

 

 

Growth Inhibition 

in % 

 

 

Cons. 

(µg/ml) 

 

 

SD 

 0.039 0.039 0.039 0.024 0.039 0.015       

0.197 0.483 0.498 0.391 0.451 0.406 0.446 0.249 100.0 0.0 0 0.05 

0.204 0.358 0.351 0.328 0.418 0.379 0.367 0.163 65.4 34.6 0.1 0.03 

0.205 0.203 0.206 0.196 0.207 0.187 0.200 -0.005 -2.1 102.1 0.3 0.01 

0.2 0.209 0.187 0.197 0.187 0.201 0.196 -0.004 -1.5 101.5 1 0.01 

0.23 0.238 0.211 0.228 0.204 0.23 0.222 -0.008 -3.1 103.1 3 0.01 

0.367 0.358 0.343 0.36 0.352 0.351 0.353 -0.014 -5.7 105.7 10 0.01 

 

0.039 

 

0.039 

 

0.026 

 

0.039 

 

0.011 

 

0.037 

  IC50 

0.14 µg/mL 
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Figure S58. Dose-dependence curve of compound 7 against the L5178Y mouse lymphoma cell line. 
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Table S9. Raw data of compound 11 against the L51178Y mouse lymphoma cell line. 
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Blank 

 

      

Mean 

 

 

Mean- 

Blank 

 

 

Growth in % 

 

 

Growth Inhibition 

in % 

 

 

Cons. 

(µg/ml) 

 

 

SD 

 0.038 0.012 0.006 0.034 0.034 0.068       

0.153 0.709 0.65 0.749 0.637 0.831 0.715 0.563 100.0 0.0 0 0.08 

0.164 0.342 0.357 0.563 0.559 0.63 0.490 0.326 58.0 42.0 0.1 0.13 

0.15 0.153 0.176 0.24 0.278 0.31 0.231 0.081 14.5 85.5 0.3 0.07 

0.146 0.112 0.149 0.169 0.264 0.272 0.193 0.047 8.4 91.6 1 0.07 

0.14 0.149 0.157 0.168 0.294 0.276 0.209 0.069 12.2 87.8 3 0.07 

0.153 0.236  0.177 0.309 0.279 0.250 0.098 17.3 82.7 10 0.06 

 

0.03 

 

0.035 

 

0.005 

 

0.001 

 

0.073 

 

0.062 

  IC50 

0.14 µg/mL 
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Figure S59. Dose-dependence curve of compound 11 against the L5178Y mouse lymphoma cell line. 
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Table S10. Raw data of compound 15 against the L51178Y mouse lymphoma cell line. 

125 

 

Blank 

 

      

Mean 

 

 

Mean- 

Blank 

 

 

Growth in % 

 

 

Growth Inhibition 

in % 

 

 

Cons. 

(µg/ml) 

 

 

SD 

 0.206 0.075 0.204 0.181 0.283 0.264       

0.521 0.695 0.925 0.933 1.043 1.045 0.928 0.407 100.0 0.0 0 0.14 

0.5  0.539 0.578 0.639 0.659 0.604 0.104 25.5 74.5 0.1 0.06 

0.539 0.312 0.427 0.463 0.542 0.57 0.463 -0.076 -18.7 118.7 0.3 0.10 

0.513 0.338 0.414 0.505 0.534 0.611 0.480 -0.033 -8.0 108.0 1 0.11 

0.488 0.365 0.38 0.481 0.497 0.589 0.462 -0.026 -6.3 106.3 3 0.09 

0.526 0.444 0.391 0.912 0.527 0.604 0.576 0.050 12.2 87.8 10 0.20 

 

0.266 

 

0.15 

 

0.134 

 

0.252 

 

0.232 

 

0.292 

  IC50 

0.065 µg/mL 
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Figure S60. Dose-dependence curve of compound 15 against the L5178Y mouse lymphoma cell line. 
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6. Publication 3 - Furoic Acid Derivatives from the Endophytic Fungus Coniothyrium sp. 
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8. Discussion 

 

8.1  Fungal metabolites as a promising source for drug discovery  

Fungal metabolites are an interesting source for drug discovery and offer a huge diversity of 

compounds possessing various functions such as virulence factors, defense compounds, or as cross talk 

metabolites. (Möbius, Hertweck, 2009, Schulz et al., 1999, Sheridan et al., 2014) These metabolites can 

be isolated using a standardized cultivation protocol such as fermentation on rice medium. However, 

because more than 70% of secondary metabolite gene cluster remain silent under standard cultivation 

procedures, OSMAC approaches can be applied to activate silent gene clusters. (Chiang et al., 2011, 

Özkaya et al., 2018, Pan et al., 2019, Ren et al., 2017) Thereafter, the isolated compounds are analyzed 

structurally, subjected to various bioassays and in case of active compounds subjected  to computational 

methods with the aim for target finding.  

8.2.  Expanding the metabolic profile of the endophytic fungus Trichocladium sp. by applying 

OSMAC approaches 

Implementing OSMAC approaches on the endophytic fungus Trichocladium sp. isolated from 

the traditional medicinal herb Houttuynia cordata (Sauraceae), which has been described in this 

dissertation, yielded several new natural products. (Tran-Cong et al., 2019) 

 

Figure 6 HPLC analysis of different crude extracts obtained from different fermentations of 

Trichocladium sp. Figure is modified  after (Tran-Cong et al., 2019)  
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When the fungus was cultured on peas medium, the yield of the crude extract was much lower 

than the yield obtained from cultivation on rice medium. A feeding experiment where L-tryptophan (2g 

per flask) had been added to solid rice medium in order to mimic the higher tryptophan content of peas 

compared to rice led to an approximately equal crude extract yield when compared to the rice medium. 

Eventually, this experiment resulted in the isolation of tryptophan derivatives such as anthranilic acid 

and n-formylanthranilic acid (see figure 7a+b) which can be interpreted as catabolic products resulting 

from metabolism of added tryptophan. 

 

 

                                 a)                                                              b) 

 

Figure 7 a) HPLC – Chromatograms of peaks at 12.293 min and 16.957 min. b) Typical UV spectrum 

of anthranilic acid which is directly identified by comparison to the in house UV-library of the 

Chromeleon HPLC system. 

 

Interestingly, these two L-tryptophan metabolites were not detectable when the fungus was 

fermented on solid rice or on peas. The L-tryptophan crude extract showed one peak with a retention 

time of 25 min exhibited a UV spectrum similar to that of anthranilic acid. Structure elucidation of the 

metabolite using 1D/2D NMR and HRESIMS analyses indicated the compound to be a new natural 

product. The new compound was named 13-N-(2-carboxyphenyl) colletoketol (15). This compound is 

a derivative of the co-isolated compound colletoketol (12). (Tran-Cong et al., 2019)  Like for anthranilic 

acid and N-anthranilic acid the origin of the anthranilic acid moiety of compound 15 is probably 

tryptophan.  

In fungi the pyrrole ring of the tryptophan moiety is cleaved and kynurenine is formed by L-

tryptophan oxygenase and formamidase. (Wat, Towers, 1979) In the next step kynurenine is metabolized 

by kynureninase yielding anthranilic acid. Basically, there are two types of kynureninase enzymes. One 

is involved in the catabolism of tryptophan and it is inducible by tryptophan and the other one is involved 

in the biosynthesis of NAD from tryptophan but this enzyme is not inducible. (Soda, Tanizawa, 1979).  
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Figure 8 L-Tryptophan catabolic pathway modified after Wat et al.  (Wat, Towers, 1979)  

When the enzyme kynureninase is upregulated this will lead to an accumulation of anthranilic 

acid. The main reason for the upregulation of this enzyme may be the potential toxicity of indole 

derivatives such as tryptophan derivatives which inhibit fungal growth. (Kamath, Vaidyanathan, 1990). 

In particular, the upregulation of the PKS-NRPS pathway can be considered as a way to dispose L-

tryptophan in the form of anthranilic acid derivatives. 

8.2.1  Bioactivity of anthranilic acid derivatives  

Many bioactive natural products bearing the anthranilic acid moiety have been described in the 

literature. (Li et al., 2013, Peng et al., 2014, Teponno et al., 2017b) For example, from the endophytic 

fungus Dendrothyrium variisporum isolated from the Algerian plant Globularia alypum, three new 

anthranilic acid derivatives werereported. One of these compounds is 2-phenylethyl 3-

hydroxyanthranilate which exhibited cytotoxic activity against KB3.1 cancer cells with an IC50 value of 

0.07 µM. (Teponno et al., 2017a) In addition, five new anthranilic acid derivatives were isolated from 

the liquid culture medium of the marine fungus, Penicillium paneum. The new compounds possess an 

amidine moiety due the linkage of anthranilic acid with an enamine. Two new anthranilic acid 
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derivatives, namely penipacid A and E exhibited cytotoxic activity against the RKO cell line with IC50 

values of 8.4 and 9.7 µM, respectively. However, antimicrobial screening showed that none of the 

compounds exhibited activity against S. aureus or E. coli. (Li et al., 2013)  Collectively these findings 

emphasize that fungi are able to incorporate L-tryptophan or anthranilic acid into natural products. 

Comparison of the bioactivity of the reported anthranilic acid derivatives from Trichoderma sp 

with the new 13-N-(2-carboxyphenyl) colletoketol-derivative (15), from Trichocladium sp. fermented 

on rice medium with added L-tryptophan, indicated that these compounds exhibited strong cytotoxicity 

against the mouse lymphoma cells. Additional cytotoxicity assays of compound 15 showed moderate to 

strong activity also against human Ramos and Jurkat cancer cell lines with IC50 values of 30 µM and 22 

µM, respectively. However, when incubated for a longer period such as 72h, IC50 values against the 

latter two cell lines were even lower at 10 µM and 6 µM, respectively.  

For determining whether the cytotoxicity of the new compound (15) was caused through 

apoptosis or necrosis, further experiments were conducted to explain the mode of action. The results of 

these experiments are shown in the following figure.  

 

Figure 9 Western Blot results of 24h of incubating RAMOS and Jurkat cell lines with the new 

compound 15 (in the figure it is labeled as 4) , DMSO as control, added staurosporine (STS) as 

positive control. Actin is a house keeping protein serving as a proof for equal protein concentrations. 

PARP is a substrate of the effector caspase 3. P116 is the uncleaved PARP. Activation of caspase 3 

cleaves PARP. Cleaved PARP is in this plot a marker for apoptosis. P85 is the cleaved PARP. A 

longer incubation time such as 48h led to no activity of caspase 3 because all cells were already dead. 

  

Compound 15 induced activation of caspase 3 with increasing concentration in Ramos as well 

as Jurkat cell lines. However, in Ramos cell lines the Western Blot shows weak actin bands, especially 

when 30 µM of compound 15 was used, indicating intensively damaged cells possibly caused by 

necrotic processes. To conclude, compound 15 is an inducer of apoptosis but in comparison to the used 
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control staurosporine (2.5 µM), compound 15 is a weak inducer of apoptosis and probably also induces 

cell necrosis.  

Using OSMAC to expand the diversity of secondary metabolites is a promising tool which 

should not be neglected. Not only the media can be changed but also adding inorganic salts such as 

sodium nitrite to the media can result in an interesting upregulation of cryptic compounds. From a solid 

rice fermentation of the endophytic fungus Aspergillus aculeatus one new compound exhibiting a L-

tryptophan-L-phenyllactic acid moiety was obtained. In addition, an OSMAC approach was conducted 

for the same fungus by adding 3.5% sodium nitrite to rice medium. This OSMAC approach yielded 10 

new substituted L-tryptophan-L-phenyllactic acid conjugates. (Wang et al., 2018)  

8.2.2  Michael addition in natural products  

 

Figure 10 Structure of compound 15 exhibiting two different moieties  

The new compound 15 is a derivative of the known compounds colletoketol (11) (Gurusiddaiah, 

Ronald, 1981a) and colletodiol (12). (Keck et al., 1989) Based on the proposed biosynthesis of 

compound 11 and 12, a plausible biosynthesis can be suggested (see figure 11). (O'Neill et al., 1993, 

Simpson, Stevenson, 1985) 
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Figure 11 Proposed biosynthesis of the new compound (15) Red : Colletoketol (11 moiety The 

anthranilic acid moiety is shown in blue.  
 

The anthranilic acid moiety was possibly conjugated by the enzyme complex Type I – 

Polyketide synthase-non ribosomal protein synthase via N-aza Michael addition. (Miyanaga, 2019) 

Typically, Michael additions occur under basic conditions. (Bergmann et al., 2011) The main enzymes 

responsible for Michael additions in biosynthesis of natural products are PKS/Polyketide Synthases. 

(Miyanaga, 2019) Michael addition is not selective, these reactions are able to form  diastereomers due 

to two possibilities of nucleophilic attack. (Bergmann et al., 2011)  

In order to exclude the possibility of the occurrence of other Michael-products, the L-tryptophan 

crude extract was screened but no further products or side products were detected verifying  that the new 

compound 15 is a new natural product possibly derived from PKS-synthase type I on the basis of a N-

aza Michael addition described for organic synthesis. (Kang, Kim, 2014) 
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Figure 12 Possible location for a nucleophilic attack at an α-β-unsaturated carbonyl function. Three 

possible locations are shown. Due the nature of Michael addition, the number of possible Michael 

reaction products can be calculated as at least six different diastereomers. Blue : Anthranilic acid moiety 

, red : Colletoketol  moiety.  
 

Many other natural products exhibiting an anthranilic acid moiety such as auranthine, isolated 

from Aspergillus clavatus, were described in the literature. The carboxylic group of anthranilic acid can 

be connected with an amino function and the amino function of the anthranilic acid moiety forms an 

enamine. (Penn et al., 1992) Further feeding studies with radio labeled anthranilic acid revealed that the 

fed anthranilic acid was incorporated into auranthine (Penn, 1992) demonstrating that fungi were able 

to directly incorporate anthranilic acid into a natural product .  

A culture of Penicillium cyclopium fed with radiolabeled tryptophan, mevalonic acid and acetate 

led to biosynthesis of a known compound, namely alpha-cyclopiazonic acid. During this biosynthesis, 

tryptophan was connected with two acetate units. Moreover, the biosynthetic gene cluster was elucidated 

and determined as CpaA PKS-NRPS including nonfunctional PKS domains. Firstly, the carboxylic acid 

group of tryptophan was connected to the peptidyl carrier protein forming a thioester intermediate. 

Secondly, the amino function of tryptophan acts as a nucleophile attacking the thioester carbonyl atom 

of the polyketide carried by the acyl carrier protein.(Seshime et al., 2009) The obtained results suggested 

that addition of L-tryptophan or of anthranilic acid to a growing fungal culture is a promising OSMAC 

tool for  enhancing silent gene clusters in order to obtain bioactive secondary metabolites such as those 

that result from activating PKS-NRPS. 

8.3.  Co-cultivation 

Co-cultivation of fungi with different bacteria can be considered as another approach to activate 

silent gene clusters. In general, soil-derived bacteria such as Bacillus subtilis, Streptomyces lividans or 

Streptomyces coelicolor can be used for co-cultivation with fungi. (Bentley et al., 2002, Graham, Istock, 

1978, van Dijl, Hecker, 2013) (Wellington et al., 1990) Due to their ubiquitous occurrence, these 

bacteria are good model organisms for co-cultivation with fungi.  
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When the endophytic fungus Trichocladium sp. was co-cultured with Streptomyces lividans or 

with Streptomyces coelicolor, no changes in the fungal metabolite pattern could be observed. However, 

culturing Trichocladium sp. with Bacillus subtilis led to a change in the metabolite profile of the fungus.  

One of the upregulated compounds that were detected following upon co-cultivating the fungus 

with Bacillus subtilis was colleketol (11). This macrolide is a weak broad spectrum antibiotic. Its IC50 

value against Bacillus subtilis was determined as 28.4 µM (Gurusiddaiah, Ronald, 1981b). The 

upregulation of colleketol (11) and its high yield (1.5 g/per flask) provided proof that the fungus reacted 

to the presence of Bacillus subtilis. On the other hand, Bacillus subtilis is also known as a producer of 

antifungal drugs (Landy et al., 1948, Singh, Deverall, 1984) showing that co-cultivation is a tool to 

simulate natural competition. (Marmann et al., 2014) 

When the marine endophyte, Pestalotia sp., isolated from the surface of the alga Rosenvingea 

sp. was cultured together with a gram negative unicellular bacterium CNJ-328, this co-cultivation 

approach led to the isolation of thenew antibiotic pestalone. (Cueto et al., 2001) This example also 

demonstrated that cultivation of a fungus with another microorganism is a promising tool to induce silent 

gene clusters.  

8.4.  Drug discovery - antiplatelet compounds from the endophytic fungus Talaromyces sp. 

One chapter of this dissertation is devoted to the investigation of antiplatelet compounds from 

the endophytic fungus Talaromyces sp. isolated from the traditional Vietnamese medicinal herb 

Houttuynia cordata (Saururaceae). Twelve compounds were isolated and identified as known natural 

products with all of them bearing a hydroxyl benzoyl moiety. Target finding approaches using docking 

experiments and information obtained from a patent (Lavecchia, Di Giovanni, 2015, Luiz Antonio 

Soares RomeiroCarolyn CumminsLilia Magomedova. Ppar modulators) showed that altenusin, one of 

the isolated compounds, possesses binding affinity to the peroxisomal proliferated receptor (PPAR) 

indicating PPAR as one of the promising targets in platelets that may be addressed by altenusin. Zheng 

et al. however, reported that altenusin is also a farsenoid X receptor modulator. (Zheng et al., 2017)   

Farsenoid X receptors and PPARs can also be found in human platelets. (Moraes et al., 2016, 

Shih, Chou, 2012, Spinelli et al., 2008). Farsenoid X receptors belong to the same receptor class like 

peroxisomal proliferated activated receptors (PPARs). They are ligand activated transcription factors. 

(Wang et al., 2008) Due to the fact that platelets have no nucleus, PPAR and FXR exhibit also non 

genomic effects on platelets regulating their functions such as inhibiting platelet aggregation. (Unsworth 

et al., 2018) 

Generally, PPARs are linked with pain and inflammation providing a suitable target for future 

analgesics or anti – inflammatory drugs. (Daynes, Jones, 2002, Maeda, Kishioka, 2009) Analgesics as 

well as anti-platelet agents are widely used drugs. (Melnikova, 2010)  Analgesics are drugs which are 

used to treat long lasting pain or to stop the feeling of pain. Inflammation is a process causing tissue to 
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swell due to the migration of immune cells and release of inflammatory cytokines as well as vasodilators 

mediators. 

It is worth to mention that inhibiting platelet functions may reduce the possibility to get cancer. 

(Yuri Gasparyan et al., 2011, Zarbock et al., 2007) Furthermore, constant inflammation may also lead 

to cancer (Rakoff-Nahoum, 2006)  pointing out the importance of anti-inflammatory compounds in  

prevention of cancer (Aggarwal et al., 2009) and reducing the probability for tumor progression. Pro-

inflammatory transmitters such as TNF-α activate NF-κB which is then translocated into the nucleus 

leading to an increase of the transcription of pro – inflammatory – proteins. By blocking one of the steps 

of the TNF-α induced pathway of NF-κB activation, inflammation can be reduced as well as a decreased 

feeling of pain is achieved.  

So far, not many fungal derived compounds have been isolated and proven to possess analgesic 

and anti-platelet activities. Further investigations are still needed to find lead structures for potential 

anti-inflammatory, anti – platelet or for analgesic drugs. Particularly, secondary metabolites obtained 

from some fungi are reported to exhibit interesting analgesic properties. 

For example, the endophytic fungus Phomopsis sp., isolated from the medicinal plant Erythrina 

crista galli, when fermented in 1 L of KGA medium yielded the new compound phomol, which exhibits 

a polyketide moiety with hydroxyl-functions. Phomol was able to inhibit induced mouse edema by 53.2 

% while the known anti-inflammatory compound indomethacin reduced this inflammation by 66 %. 

(Weber et al., 2004) Interestingly a study demonstrated that the  water extract of Erythrina crista galli 

likewise exhibited anti-inflammatory properties. (Mino et al., 2002) 

 From an ethanolic extract of the fungus Schizophyllum commune, five phenolic acid derivatives 

were obtained. An animal pain model revealed that compounds with phenolic acid moieties inhibit 

volted gated sodium channels. (YAO et al., 2016) Interestingly, inhibition of these channels results in 

interrupting the signal transduction with the effect of local anesthetization and pain perception reduction. 

(Wood et al., 2004) 

In summary, in the search for analgesic and anti-inflammatory drugs, secondary metabolites 

obtained from fungi can be promising candidates for future drug discovery. 
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9.  Conclusion 

In the search for anticancer and antibacterial metabolites from endophytic fungi derived from 

medicinal plants, OSMAC approaches andco-cultivation experiments were carried out in order to 

expand the chemical diversity of these fungi. The results obtained from the three projects conducted in 

this dissertation, demonstrated that fermentation of endophytic fungi on solid rice media as well as 

cultivation on different media as carried out in OSMAC experiments has a high impact on the chemical 

diversity of secondary metabolites including the induction of new metabolites. The same is true for co-

cultvaton of fungi with bacteria which likewise induces silent biogentic gene clusters. Natural product 

discovery from endophytic fungi is still a promising field to obtain new natural product derived active 

pharmaceutical ingredients especially when new methods of fermentation that aim at inducing silent 

biogenetic gene clusters are enrolled.  
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[α]D       Specific rotation at the sodium D-line 

5-AC       5-Azacytidine 

Å       Ångström 

amu       Atomic mass unit 

BGCs       Biosynthetic gene clusters 

br       Broad 

CD3OD      Deuterated methanol 

CDCl3       Deuterated chloroform 

CH2Cl2,     DCM Dichloromethane 

CH3COONH4      Ammonium acetate 

COSY       Correlation spectroscopy 

d       Doublet 

dd       Doublet of doublet signal 

ddd       Doublet of doublet of doublet signal 

DMAPP      Dimethylallyl pyrophosphate 

DMSO      Dimethyl sulfoxide 

DNA       Deoxyribonucleic acid 

DNMT       DNA methyltransferase 

e. g.       Exempli gratia (for the sake of example) 

EMA      European Medical Agency 

et al. et       altera (and others) 

EtOAc       Ethyl acetate 

FDA      United States Food and Drug Administration 

FDAA       1-fluoro-2-4-dinitrophenyl-5-L-alanine amide 

FXR      Farnesoid X receptor 

g       Gram 

h       hour 

HCl       Hydrochloric acid 

HDAC       Histone deacetylase 

HMBC       Heteronuclear multiple bond connectivity 

HMG-CoA      3-Hydroxy-3-methyl-glutaryl-CoA 

HPLC       High performance liquid chromatography 

HRESIMS      High resolution electrospray ionisation mass 

HSQC       Heteronuclear single quantum coherence spectroscopy 

HSQC       Heteronuclear single quantum coherence 

Hz       Hertz 

IC50       Half maximal inhibitory concentration 

ITS       Iternal transcriber spacers 

L       Liter 

LC-MS       Liquid chromatography-mass spectrometry 

m       Multiplet signal 

M       Mole 

m/z       Mass per charge 

MeOH       Methanol 

mg       Milligram 

MHz       Mega Herz 

MIC       Minimum inhibitory concentration 

min       Minute 

mL       Milliliter 

mm       Millimeter 

MS       Mass spectrometry 

MTT      3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide 

MW       Molecular weight 

NaOH       Sodium hydroxide 

nm       Nanometer 

NMR       nuclear magnetic resonance spectrometry 

NMR       nitrogen metabolite repression 

NOE       Nuclear Overhauser effect 

OSMAC      One Strain MAny Compounds 
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PKS-NRPS     Polyketide synthases -  Non-ribosomal peptide 

PPAR      Peroxisome proliferator-activated receptor 

ppm       Parts per million 

ROESY       Rotating frame overhauser effect spectroscopy 

RP       18 Reversed phase C18 

s       Singlet signal 

SAHA       Suberoylanilide hydroxamic acid 

SAR       Structure and activity relationship 

sp.       Species 

t       Triplet signal 

TFA       Trifluoroacetic acid 

TLC       Thin layer chromatography 

Trp       Tryptophan 

TSA       Trichostatin A 

UV       Ultra-violet 

VLC       Vacuum liquid chromatography 
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