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Abstract 

Fungi and their secondary products play an important part in our daily life, not only in 

the field of pharmacy, but also in agriculture and in food industry. Their chemical 

constituents, especially secondary metabolites are important for drug discovery, 

pesticide discovery, and fermented food safety evaluations. This dissertation describes 

the chemical constituents of two fungal strains: Coniella fragariae and Phomopsis sp. 

D15a2a. In order to obtain crude extracts, fungi were fermented individually on rice 

media following by chromatographic workup. After successful isolation of compounds, 

NMR and HRMS were used to elucidate their structures. In addition, ECD 

spectroscopy, X-ray diffraction and chemical reactions were used to determine the 

absolute configurations of chiral compounds. All compounds were investigated for their 

bioactivity. 

 

The coprophilous fungus Coniella fragariae was isolated from goose (Anser anser) 

dung, collected at northern Germany’s seacoast. It produced a group of new azaphilones 

together with two known macrolides and other metabolites. The endophytic fungus 

Phomopsis sp. D15a2a was isolated from leaves of Alternanthera bettzickiana collected 

in Nigeria. The rice fermentation extract lead to the isolation of three types of new 

metabolites including koniginin derivatives, pantothenic acid derivatives and one 

tentoxin derivative. This dissertation consists of the following three manuscripts. 

 

Azaphilone Derivatives from the Fungus Coniella fragariae Inhibit NF-κB 

Activation and Reduce Tumor Cell Migration 

 

Seven new azaphilones, coniellins A−G, were obtained. TDDFTECD calculation was 

used to determine the absolute configuration of coniellin A, while Mosher’s method 

was applied to determine the absolute configuration of coniellin E. Coniellin A 

exhibited significant inhibition of NF- κB activation in the triple negative breast cancer 

cell line MDAMB- 231 with an IC50 value of 4.4 μM. Moreover, coniellin A, D and E 

clearly reduced tumor cell migration. Coniellin A was the most active derivative tested 

in this assay and displayed 60% inhibition of tumor cell migration at a dose of 5 μM 

and 98% inhibition at 10 μM after 24 h. 
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Azaphilone pigments and macrodiolides from the coprophilous 

fungus Coniella fragariae 

 

In continuation of the study on Coniella fragariae, two azaphilone pigments, two 

dihydrobenzofurans, two macrodiolides, and a dimeric alkyl aromatic constituent were 

isolated. Two azaphilone pigments and one dihydrobenzofuran proved to be new 

natural products. The crystal structure of pyrenophorin is reported for the first time. 

Pyrenophorin showed strong cytotoxicity against several cancer cell lines with IC50 

values ranging from 0.07 to 7.8 μM. 

 

Polyketides and Nitrogenous Metabolites from The Endophytic 

Fungus Phomopsis sp. D15a2a 

 

Three new polyketides, phomopones A−C, one new cyclic tetrapeptide, 18-

hydroxydihydrotentoxin, and a new amide, 6-hydroxyenamidin together with a known 

derivative, enamindin were obtained from the endophytic fungus Phomopsis sp. 

D15a2a. The structures of the new compounds were elucidated by 1D, 2D NMR and 

HRMS data. The absolute configurations of the isolated metabolites were determined 

either by X-ray crystallography, Marfey’s method or by converting the compounds to 

Mosher esters. 
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Zusammenfassung 

Pilze und ihre Sekundärmetaboliten spielen eine wichtige Rolle in unserem alltäglichen 

Leben. Dies bezieht sich nicht ausschließlich auf die pharmazeutische Verwendung, 

sondern ebenfalls auf die Nutzung in der Landwirtschaft und der Lebensmittelindustrie. 

Ihre Inhaltsstoffe, insbesondere ihre Sekundärmetaboliten, stellen eine wichtige Quelle 

für die Entdeckung neuer Arzneimittel und Pestizide dar und sind maßgeblich für die 

Sicherheitseinstufung fermentierender Lebensmittel. Diese Dissertation widmet sich 

der Untersuchung von Inhaltsstoffe, die von den beiden Pilzstämme Coniella fragariae 

und Phomopsis sp. D15a2a produziert werden. Zur Gewinnung von Rohextrakten 

wurden diese Pilze einzeln auf Reismedium kultiviert und im Anschluss 

chromatographisch aufbereitet. Nach erfolgreicher Isolation der Inhaltstoffe wurde 

deren chemische Struktur mittels Kernspinresonanzspektroskopie (NMR) und 

Massenspektrometrie (MS) aufgeklärt. Zusätzlich wurde die absolute Konfiguration 

chiraler Verbindungen durch den Einsatz von elektronischem Circulardichroismus 

(ECD), Röntgenkristallographie und stereospezifischer chemischer Reaktionen 

ermittelt. Alle Verbindungen wurden auf ihre biologische Aktivität untersucht. 

 

Der koprophile Pilze Coniella fragariae wurde aus einer Gänsekotprobe (Anser anser) 

isoliert, welche an der Meeresküste in Norddeutschland gesammelt wurde. Er 

produzierte eine Serie neuer Azaphilone, neben zwei bekannten Makroliden und 

einigen anderen Metaboliten. Der endophytische Pilz Phomopsis sp. D15a2a wurde aus 

den Blättern der Pflanze Alternathera bettzickiana isoliert, welche in Nigeria 

gesammelt wurden. Die Fermentation von Reismedium führte zur Isolation neuer 

Metaboliten aus den drei Klassen der Koniginin-, Pantothensäure- und Tentoxin-

Derivate. Diese kummulative Dissertation besteht aus den drei folgenden 

Manuskripten. 

 

Azaphilonderivate des Pilzes Coniella fragariae inhibieren die 

Aktivierung von NF-κB und reduzieren Tumorzellmigration 

 

Die sieben neuen Azaphilone Coniellin A-G wurden isoliert. Die absolute 

Konfiguration von Coniellin A wurde durch TDDFT-ECD Berechnungen bestimmt, 
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während die absolute Konfiguration von Coniellin E über die Mosher Methode 

bestimmt wurde. Coniellin A zeigte eine signifikante Inhibition der NF-κB Aktivierung 

in der tripelnegativen Brustkrebszelllinie MDAMB- 231 mit einem IC50-Wert von 

4,4 μM. Außerdem reduzierten Coniellin A, D und E eindeutig die Tumorzellmigration. 

Coniellin A war in diesem Testsystem das aktivste Derivat. Es zeigte nach 24 Stunden 

eine Inhibitionsrate der Tumorzellmigration von 60% bei einer Dosis von 5 μM und 

98% bei 10 μM. 

 

Azaphilonpigmente und Makrolide aus dem koprophilen Pilz 

Coniella fragariae 

 

Bei weiterführenden Untersuchungen von Coniella fragariae wurden zwei 

Azaphilonpigmente, zwei Dihydrobenzofurane, zwei Makrodiolide und eine dimere 

Alkylarylverbindung isoliert. Die beiden Azaphilonpigmente und ein 

Dihydrobenzofuran wurden als neue Naturstoffe identifiziert. Die Kristallstruktur von 

Pyrenophorin wurde hierbei zum ersten Mal veröffentlicht. Pyrenophorin zeigte starke 

Zytotoxizität gegenüber mehreren Krebszelllinien mit IC50 Werten zwischen 0,07 und 

7,8 μM. 

 

Polyketide und stickstoffhaltige Metaboliten des endophytischen 

Pilzes Phomopsis sp. D15a2a 

 

Die drei neuen Polyketide Phomopon A−C, das neue zyklisches Tetrapeptid 18-

Hydroxydihydrotentoxin und das neue Amid 6-Hydroxyenamidin wurden zusammen 

mit dem bekannten Derivat Enamindin aus einer Fermentation des endophytischen 

Pilzes Phomopsis sp. D15a2a isoliert. Die Strukturen der neuen Verbindungen wurden 

anhand ihrer ein- und zweidimensionalen NMR Spektren, sowie ihrer MS Daten 

ermittelt. Die absoluten Konfigurationen. der Verbindungen wurde jeweils entweder 

durch Röntgenkristallographie, Marfey Analyse oder durch Umsetzung zu Mosher 

Estern bestimmt. 
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1 Introduction 

1.1 Fungi and Their Metabolites 

Fungi are an important part of the ecosystem (Gadd 2007) and are found in almost all 

corners of the world, even in extreme environments, such as deserts, (Grishkan, Zaady et al. 

2006) the deep sea, (Le Calvez, Burgaud et al. 2009) and polar regions. (Ruisi, Barreca et al. 2006) As 

heterotrophic organisms, fungi can grow on almost any conceivable organic substrate 

and are usually classified by source, namely, as endophytic fungi, (Kui-Wu, Shi-Wei et al. 2014) 

coprophilous fungi, (Sarrocco 2016) soil fungi, (Bridge and Spooner 2001) and others. However, the 

relationships between endophytes and their hosts are not yet fully understood. Some 

reports have shown mutualistic relationships between fungi and their host plants. For 

example, the grass Leymus mollis from coastal and geothermal regions depends on its 

symbiotic fungal endophytes for salt and heat tolerance. (Rodriguez, Henson et al. 2008) Hot 

springs panic grass (Dichanthelium lanuginosum) can grow on geothermal soil, but it 

requires a fungal endophyte to do so. (Roossinck 2011) Endophytic fungi can produce 

secondary metabolites for plant growth regulation, such as indole-3-acetic acid, 

cytokines, or other plant growth-promoting substances. (Zhou, MacKenzie et al. 1999) Fungi also 

contribute secondary metabolites to the host plant’s defense against herbivores. For 

example, ergot alkaloids are fungal secondary metabolites from genus Claviceps that 

affect animals and humans after consumption in the form of “St. Anthony’s fire”, which 

characterized by vasoconstriction of the extremities that cases swelling with a violent, 

burning pain in the hands, feet, and whole limbs. (Schiff 2006) Ergot-derivatives have a 

long history of being used medically for the treatment of a number of diseases and 

symptoms. (Haarmann, Rolke et al. 2009) For example, in 550 BC, the Hearst Papyrus of Egypt 

described a preparation of ergot with oil and honey that was used as a treatment for 

inhibiting hair growth, and, in 370 BC, Hippocrates described ergot use to halt 

postpartum hemorrhage. (Schiff 2006) Furthermore, although the widely used naturally 

derived anticancer drug taxol was initially isolated from a yew tree (Taxus brevifolia), 

over 50 species of endophytic fungi have been reported to be potential producers of 

taxol. (Deshmukh, Gupta et al. 2019) 

 

Fungi are capable of producing numerous chemically diverse secondary metabolites 

with a wide range of bioactivities. (Aly, Debbab et al. 2011) Since Sir Alexander Fleming 



1 - Introduction 

 

 

6 

isolated penicillin from Penicillium notatum and its derivatives were adapted to be the 

first broadly used class of antibiotics, a large number of fungal metabolites have been 

identified as potential drug candidates. (Aly, Debbab et al. 2011) Plinabulin, a clinical phase III 

anticancer drug candidate, is based on phenylahistin from Aspergillus ustus. (Kanoh, Kohno 

et al. 1997, Greve, Mohamed et al. 2010) The first immunosuppressive drug used for the prevention 

of organ transplant rejection, the cyclopeptide cyclosporine A, was isolated from the 

soil fungus Tolypocladium inflatum. (Tribe 1998, Butler 2004) In agriculture, fungicidal 

strobilurins based on a fungal metabolite from Strobilurus tenacellus have been 

developed by AstraZeneca, BASF, and others and are widely used in agriculture. (2007) 

In the food industry, fungal colorants from Monascus are widely used in Asia but are 

still forbidden in Europe and the USA due to safety concerns. However, these 

compounds show potential for the development of natural colorants. (Caro, Anamale et al. 2012) 

In the flavoring agent market, a variety of aromatic flavors produced by white-rot 

basidiomycetes are in development as “natural food flavoring”. (Lomascolo, Stentelaire et al. 1999) 

To summarize, fungal metabolite studies form the basis for drug development, food 

additive development, and other uses.  

1.2 Fungi: Coniella and Phomopsis 

1.2.1 Fungi of the Genus Coniella 

Coniella is a fungal genus of the Schizoparmaceae family, which contains 65 species 

recorded in the database Mycobank. (Mycobank) The first fungus belonging to Coniella 

genus was Coniella pulchella, established by Von Hoehnel in 1918. (Von Höhnel 1918) 

Alvarez, regarded genera Pilidiella and Schizoparme together with Coniella as 

synonyms. (Alvarez, Groenewald et al. 2016) As typical plant pathogenic fungi and due to 

globalization, Coniella occur worldwide as plant pathogens. Coniella vitis and Coniella 

diplodiella are two common pathogens that cause white rot disease in grapevines. 

(Chethana, Zhou et al. 2017) Coniella granati induces crown rot and fruit rot in pomegranates in 

Central Asia. (Çeliker, Uysal et al. 2012) In northern Australia, several species of Coniella have 

been reported to cause foliage blight on eucalyptus trees. (Griffiths, Wylie et al. 2004) Several 

Coniella fungi from South Africa are harmful for grapevine cultivation. (Van Niekerk, 

Groenewald et al. 2004) In 2015, Coniella fragariae was reported as the causal agent for 

strawberry crown rot in Latvia. (Grantina-Ievina and Kalniņa 2016) Fewer reports about Coniella 
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come from north and south America, but Coniella lustricola was isolated as a new 

species from submerged detritus in Black Moshannon State Park in Pennsylvania, USA. 

(Raudabaugh, Iturriaga et al. 2018) Considerable research on this genus of fungi has been published 

in the field of agriculture and biology but there are far few reports about the secondary 

metabolites of Coniella. 

1.2.2 Fungi of the Genus Phomopsis 

Fungi of the genus Phomopsis or their teleomorph Diaporthe are distributed globally 

as endophytic fungi and include saprobes and pathogens of plants, animals and humans. 

(Gomes, Glienke et al. 2013) The genus Diaporthe should be used as the taxonomic name for all 

Phomopsis (first recorded in 1905) species due to Diaporthe (1870) being the first 

taxonomic classification. However, the name Phomopsis is more commonly used. 

(Udayanga, Liu et al. 2011)  

 

Numerous reports have been published about the biology, taxonomy, and secondary 

metabolite diversity of Phomopsis. From 2013 to 2018, around 100 articles were 

published about secondary metabolites, including their bioactivity from the database of 

Sci-Finder. (Sci-Finder) For example, phomoxanthone A (PXA), a metabolite from a 

Phomopsis fungus, is a prime example of a fungal secondary metabolite that shows 

potential for further development as an anticancer drug because PXA exhibits selective 

activity against different cancer cells. (Frank, Niemann et al. 2015) Mechanistic research showed 

that PXA strongly induces apoptosis in cisplatin-resistant solid cancer cells. (Wang, Engelke 

et al. 2019) Nectriapyrone, macrosporin, and alternasolanol A are also examples of 

anticancer drug candidates isolated from Phomopsis. (Evidente, Kornienko et al. 2014) Numerous 

metabolites from this genus, such as dinemasone A, microsphaeropsone A, and 

cytosporone D, have also shown promising antibiotic activities. (Deshmukh, Verekar et al. 2014) 

1.3 Metabolites from Phomopsis (Diaporthe) Reported 

During 2013-2018 

A general review of reported new secondary metabolites and their bioactivities from 

Phomopsis from 2013 to 2018 is given in Chapter 1.3. Many polyketide metabolites 

and other kinds of secondary metabolites have been isolated from this genus and the 

compounds are grouped by structural characteristics. 
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1.3.1 Xanthone Derivatives 

Xanthones are the main metabolites of Phomopsis fungi. These compounds have a high 

possibility of showing cytotoxicity. (Barbero, Artuso et al. 2018) Xanthone dimers, reported 

during the past six years, are shown below. The complex bisanthraquinone cytoskyrin 

C (1) was isolated from Diaporthe sp., a fungus isolated from Anoectochilus roxburghii 

which is a regional herb in Fujian Province, P. R. China. The ECD calculations were 

carried out and the absolute configuration was established. (Tian, Liao et al. 2018) 

Phomoxanthones C–E (2-4) were produced by endophytic fungus Phomopsis sp. xy21, 

isolated from Xylocarpus granatum, a Mangrove plant from Trang, Thailand. The 

absolute configuration of compound 2 was established via X-ray measurements. The 

ECD spectra of compounds 2 and 3 showed high similarity. (Wang, Luo et al. 2018) 

Diaporthemins A and B (5 and 6) were isolated from the fungus Diaporthe melonis, 

which was obtained from Annona squamosa (Annonaceae) collected in Kupang, 

Eastern Indonesia. Both compounds had the same planar structure and were elucidated 

as mirror image structures via ECD spectroscopic analysis. (Ola, Debbab et al. 2014) Two 12-

deacetylphomoxanthone A derivatives (7 and 8) which had the same planar structure 

were isolated from two fungi strains Phomopsis sp. IM 41-1 and Phomopsis longicolla. 

Phomopsis sp. IM 41-1 was isolated from the Mangrove plant Rhizhopora mucronate 

collected from Jakarta, Indonesia. (Shiono, Sasaki et al. 2013) Phomopsis longicolla was isolated 

from the Mangrove plant Sonneratia caseolaris in Hainan Island, P. R. China. (Ronsberg, 

Debbab et al. 2013) Roensberg et al. clearly declared the absolute configurations of 

phomoxanthone derivatives including compound 7 via ECD calculation and X-ray 

measurements in the paper which studied metabolites of Phomopsis longicolla. (Ronsberg, 

Debbab et al. 2013) Monodeacetylphomoxanthone B (9) was isolated from Phomopsis 

longicolla S1B4, an endophytic fungus isolated from a plant sample collected in 

Hadong–gun Kyungnam Province, South Korea. (Choi, Kim et al. 2013) 

Phomolactonexanthones A (10), B (11) and deacetylphomoxanthone C (12) were 

isolated from a Phomopsis sp., which was derived from the Mangrove plant Acanthus 

ilicifolius collected in the South China Sea. (Ding, Yuan et al. 2013) 
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Monomeric xanthone derivatives are shown below. Chaetochromones A–C (13-15) 

were first reported from Phomopsis sp. SCSIO 41006, isolated from Mangrove-derived 

fungus Rhizophora stylosa collected in Hainan Island, P. R. China, were reported as 

new secondary metabolites. The configuration of compound 13 was determined via 

ECD calculation. (Ju, Lin et al. 2017) Phomopsis sp. HNY29-2B, an endophytic fungus of the 

Mangrove plant Acanthus ilicifolius Linn., collected from Hainan, P. R. China, yield 

phomochromenones A-C (16-18). The absolute configurations for compounds 17 and 

18 were elucidated by ECD calculations. Compound 18 is an alkaloid processing a 

unique chromeno pyridine nucleus. (Ding, Wang et al. 2017) Phomopsichins A–D (19-22) were 
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isolated from Phomopsis sp. 33#, an endophytic fungus of the Mangrove plant 

Rhizophora stylos collected in Guangdong Province, P. R. China. ECD calculations 

determined the configurations for compounds 19–22. Besides, the structure of 

phomopsichin A (19) was confirmed by X-ray measurement. (Huang, Li et al. 2016) A series 

of xanthones, diaporchromanones A–D (23-26), (-)-phomopsichin A (27), (+)-

phomopsichin B (28), and (±)-diaporchromone A (29) were isolated from the fungus 

Diaporthe phaseolorum SKS019, an endophyte of the Mangrove plant Acanthus 

ilicifolius from Guangxi Province, P. R. China. The absolute configurations of 

compounds 23–28 were elucidated via ECD calculation. (Cui, Ding et al. 2017) Two xanthones 

(30, 31) with highly oxygenated side chains were isolated from Phomopsis amygdali, 

an endophytic fungus of Paris axialis from Yunnan, P. R. China. Both compounds 

showed cytotoxic activity with IC50 values ranging from 3.6 to 8.7 µM against A549 

and SHSY5Y cell lines. (Hu, Yang et al. 2015) Phomopsis amygdali KF308686, (Yang, Yang et al. 

2014) Phomopsis amygdali (without accession number), (Li, Wang et al. 2014) and Phomopsis 

sp. KF609280 (Yang, Gao et al. 2013) were isolated from the plant Paris polyphylla var. 

yunnanensis collected from Yunnan Province, P. R. China. One xanthone (32) was 

produced by an endophyte Phomopsis amygdali KF308686, which showed cytotoxicity 

against A549 and PC3 cell lines with IC50 values of 5.8 and 3.6 µM. (Yang, Yang et al. 2014) 

From Phomopsis sp. KF609280, three xanthone compounds (33–35) were obtained. 

Compounds 33 and 35 showed cytotoxicity against several cell lines, especially against 

A549 cells with IC50 values of 3.6 and 2.5 μM respectively. (Yang, Gao et al. 2013)  
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From another strain of Phomopsis amygdali without accession number, a xanthone (36) 

was obtained which showed high cytotoxicity against NB4 and PC3 cells with IC50 

values of 4.5 and 3.8 µM, respectively. (Li, Wang et al. 2014) Two xanthones (37 and 38) with 

ethanol side chains were isolated from the fungus Phomopsis amygdali, which was 

derived from the plant Paris axialis collected from Yunnan Province, P. R. China. (Yuan, 

Huang et al. 2015) The Mangrove derived endophytic fungus Phomopsis sp. SK7RN3G1 

from the South China Sea produced a xanthone (39) which showed cytotoxicity against 

HEp-2 and HepG2 cell lines with IC50 values of 8 and 9 µg/mL. (Yang, Qiu et al. 2013) An O-

glycosidic xanthone (40) was isolated from Phomopsis sp., an endophytic fungus of the 

Mangrove plant Excoecaria agallocha in Hainan Island, P. R. China. The compound 

showed weak cytotoxicity against HEp-2 and HepG2 cells with IC50 values of 9 and 16 

µM. (Huang, Yang et al. 2013) Phomopsis sp. xy21, an endophytic fungus of the Thai Mangrove 

plant Xylocarpus granatum from Trang Province, Thailand, produced phomoxanthones 

F-K (41–46). The X-ray measurement elucidated the structures of compounds 41 and 

42. The configuration of compound 44 was elucidated via ECD calculation. (Hu, Luo et al. 

2018) Four chromeno [3,2-c] pyridines, diaporphasines A–D (47–50) and two 

isoindolinones, meyeroguillines C and D (51 and 52) were isolated from Diaporthe 

phaseolorum SKS019 an endophytic fungus of the Mangrove plant Acanthus ilicifolius. 
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(Cui, Yu et al. 2017) The natural product α-mangostin (53) from Garcinia mangostana was 

added to a fermentation of the fungi Colletotrichum sp. MT02 and Phomopsis 

euphorbiae K12, which resulted in the production of five new derivatives (54–58). 

(Arunrattiyakorn, Suwannasai et al. 2014) 
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1.3.2 Other Polyketide Metabolites 

Other structurally complex polyketide metabolites such as azaphilones, tenellone-

macrolides and others are shown below. 

 

Six chloroazaphilones isochromophilones A−F (59–64) were isolated from Diaporthe 

sp. SCSIO 41011 an endophytic fungus of the Mangrove plant Rhizophora stylosa 

collected from Hainan Island, P. R. China. The absolute configurations for the six 

compounds were deduced by ECD calculation and comparison with known congeners. 

(Luo, Lin et al. 2018) Four structurally interesting tenellone-macrolides conjugated [4+2] 

hetero-adducts lithocarpins A–D (65–68), were discovered from Phomopsis 

lithocarpus FS508, a deep-sea fungus from the Indian Ocean. The configurations of 

lithocarpins C and D (67 and 68) were determined via X-ray measurement. These 

compounds all showed weak cytotoxicity against SF-268, MCF-7 and HepG-2 cell lines 

with IC50 values more than 10 µM. (Xu, Tan et al. 2018) Diaporisoindoles A–C (69–71), and 

tenellone C (72) were produced by Diaporthe sp. SYSU-HQ3, an endophyte from a 

fresh branch of the Mangrove plant Excoecaria agallocha. The configurations of 

diaporisoindoles A and B (69 and 70) were determined via X-ray measurement together 

with ECD calculation. Diaporisoindole A (69) and tenellone C (72) exhibited strong 

inhibitory effects against Mycobacterium tuberculosis protein tyrosine phosphatase B 

with IC50 values 4.2 and 5.2 µM respectively, even stronger than the positive control 

oleanolic acid with an IC50 value of 22.1 µM. (Cui, Lin et al. 2017)  
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Later, from the same fungus Diaporthe sp. SYSU-HQ3, diaporindenes A–D (73–76), 

isoprenylisobenzofuran A (77), and two isoprenylisoindole alkaloids diaporisoindoles 

D and E (78 and 79) as well as the new benzophenone derivative tenellone D (80) were 

isolated by same research group. The absolute configurations of the compounds were 

elucidated via ECD calculation. Diaporindene A (73) and isoprenylisobenzofuran A 

(77) were also defined by a single crystal X-ray analysis. Compounds 73–77 exhibited 

significant inhibition of NO production in RAW 264.7 cells with IC50 values lower than 

10 µM, and compounds 78–80 with IC50 value ranging between 10 to 20 µM. However, 

the positive control indomethacin showed an IC50 value of 37.5 µM. (Cui, Liu et al. 2018) Two 

diphenyl ether derivatives, diaporthols A and B (81 and 82), were produced by the 

fungus Diaporthe sp., which was isolated from leaves of Phellodendron amurens 

collected from Gifu, Japan. X-ray diffraction confirmed the structure of diaporthol B 

(82). The bioassay showed anti-migration activities in TGF-β1-elicited MDA-MB-231 

cells at a concentration of 20 µM. (Nakashima, Tomida et al. 2018) The fungus Phomopsis sp. 

A123, which was isolated from the Mangrove plant Kandelia candel (L.) Druce 

collected in Fujian, P. R. China, produced the depsidone compound phomopsidone A 

(83). (Zhang, Xu et al. 2014) Four nitrogen containing chromenopyridines, phochrodines A–D 

(84–87) were isolated from Phomopsis sp. 33#. The fungus had been obtained from the 
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bark of the Mangrove plant Rhizophora stylosa collected from the South China Sea. 

(Chen, Huang et al. 2018) 

 

Compounds in this group mainly consist of an aromatic system coupled with terpenoid 

or fatty acid side chains. Three naphthalenes (88–90) isolated from Phomopsis fukushii 

showed activity against MRSA with MIC values ranging from 4 to 6 mg/mL. This 

fungus had been isolated from rhizomes of Paris polyphylla var. yunnanensis, collected 

from Yunnan Province, P. R. China. (Yang, Duan et al. 2017) Diaporthe sp. F2934, an 

endophytic fungus from leaves of Siparuna gesnerioides collected in the Chagres 

National Park, Panama, yielded three polyketide metabolites (91–93). (Sousa, Aguilar-Pérez et 

al. 2016) Phomopsiketones AC (9496), (10S)-10-O-β-D-40-
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methoxymannopyranosyldiaporthin (97) and clearanol H (98), were discovered via 

OSMAC (One Strain Many Compounds) experiments. Phomopsis sp. sh917 was 

isolated from the plant Isodon laxiflora in Yunnan Province, P. R. China. The 

configurations of compounds 94, 96, and 97 were determined by single crystal X-ray 

diffraction experiments. The absolute configuration of compound 95 was elucidated by 

ECD and comparison to compound 94. (Tang, Wang et al. 2017) Phomonaphthalenone A (99), 

a dihydronaphthalenone with an oxygen bridge between C-3 and C-5, was produced by 

Phomopsis sp. HCCB04730, an endophytic fungus of Stephaniae japonicae, collected 

from Zhejiang Province, P. R. China. The configuration was deduced from X-ray 

measurement. The bioassay showed moderate anti-HIV activities with an IC50 value of 

11.6 μg/mL and relative low cytotoxicity with IC50 values 52.7, 64.2 and 92.5 μg/mL 

against PANC-1, MDA-MB-231 and A549 cell lines respectively. (Yang, Ding et al. 2013) 

Senna spectabilis (Fabaceae) collected in São Paulo, Brazil obtained endophytic fungus 

Phomopsis sp. which produced 2-hydroxy-alternariol (100). (Chapla, Zeraik et al. 2014) The 

fungus Diaporthe sp. LG23, an endophytic fungus isolated from leaves of Datura 

inoxia Mill produced xylarolide A (101), diportharine A (102) and xylarolide B (103). 

In the bioactivity studies, xylarolide A (101) showed growth inhibition against 

MIAPaCa-2 and PC-3 cancer cells with IC50 values of 20 and 14 μM, respectively, 

whereas it displayed antioxidant activity with an EC50 value of 27.5 mM, while the 

positive control ascorbic acid had an EC50 value of 6.2 mM. (Sharma, Singamaneni et al. 2018) 

The isochroman (3R,4S)-3,4-dihydro-8-hydroxy-4-methoxy-3-methylisocoumarin 

(104) was produced by the endophytic fungus Phomopsis sp. Gx-4, which was isolated 

from a South China Sea Mangrove plant. (Yang, Qiu et al. 2014) Two dimeric xanthones 12-

deacetylphomoxanthone A (8) derivatives, homo-2,3-dihydrochromone (105) and 

isomonodictyphenone (106) were isolated from Phomopsis longicolla. (Ronsberg, Debbab et 

al. 2013) An endophytic fungus Phomopsis sp. isolated from Morus cathayana collected 

in West Java, Indonesia yielded epoxyquinophomopsin (107). (Hermawati, Juliawaty et al. 2017)  
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Acetoxydothiorelone B (108), (15S)-acetoxydothiorelone A (109), dothiorelone K 

(110), dothiorelone L (111), dothiorelone M (112), dothiorelone N (113), 5-hydroxy-7-

methoxy-4,6-dimethyl-2-phenylisoindoline-1,3-dione (114), (13R)-diaporphthalide A 

(115), and (9S, 17R, 19S, 6Z, 10E, 14E)-diaporlactone A (116) were isolated from 

Diaporthe pseudomangiferaea. This fungus had been obtained from the famous 

Chinese folk medicinal plant Tylophora ouata collected in Guangxi Province, P. R. 

China. The absolute configurations of these metabolites were established by comparing 

the specific optical rotation to known compounds or determined by ECD spectrum. (Liu, 

Zhao et al. 2018) A group of compounds including the benzophenones tenellones D–H (117-

121) with terpenoid side chain and the eremophilane lithocarin A (122) were discovered 

from Phomopsis lithocarpus FS508, a fungus from a deep-sea sediment sample, 

collected in the Indian Ocean. The structure of tenellone D (117) was further confirmed 

via X-ray crystallographic measurement. In the bioactivity test, tenellone H (121) 

showed weak cytotoxicity with an IC50 value ranging from 16 to 25 μM against HepG-

2, MCF-7, SF-268, and A549 cell lines. (Xu, Liu et al. 2018) 
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Six new polyketides dothiorelone O (123), (15R)-acetoxydothiorelone A (124), 

pestalotiopsone H (125), (±)-microsphaerophthalide H (126), microsphaerophthalide I 

(127) and methyl convolvulopyrone (128) were produced by Diaporthe sp. SCSIO 

41011, which has also been reported to produce isochromophilones A−F (59–64). (Luo, 

Lin et al. 2018) The configuration of microsphaerophthalide I (127) was established via ECD 

calculation.(Luo, Yang et al. 2018) The plant Paris polyphylla var. yunnanensis from Yunnan 

Province, P. R. China, was collected by different research groups and yielded 

endophytic fungi Phomopsis fukushii KP068615, (Li, Yang et al. 2018) Phomopsis fukushii 

KP068682, (Gao, Zheng et al. 2018) and Phomopsis sp. KF609280. (Li, Yang et al. 2018) From 

Phomopsis fukushii KP068615, three isopentylated diphenyl ethers (129–131) were 

isolated and showed strong activity against MRSA with diameters of inhibition zone of 

15-21 mm, compared to the positive control tetracycline with 32 mm. (Li, Yang et al. 2018) 

Three arylbenzofurans derivatives (132–134) with terpenoid side chains were isolated 

from the endophyte Phomopsis sp. KF609280. In the activity test against tobacco 
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mosaic virus, all three compounds showed strong inhibition rates between 23.6 to 

35.2%, equal to the positive control ningnanmycin with an inhibition rate of 31.8%. (Du, 

Wang et al. 2017) From Phomopsis fukushii KP068682, three diphenyl ethers (135–137) were 

isolated. Compounds 135–137 showed strong activity in the anti-MRSA test with 

inhibition zones of 15.2 - 20.2 mm, while the positive control erythromycin showed an 

inhibition zone of 21.9 mm. (Gao, Zheng et al. 2018) Diaporthe cryptica, a fungus isolated from 

a cankered branch of Corylus avellana L. in Sardinia, Italy, produced three phytotoxic 

metabolites, namely crypticins A–C (138–140). The configurations of all three 

compounds was elucidated via ECD calculation and comparison with known 

compounds. (Cimmino, Nocera et al. 2018)  

 

Kongiidiazadione (141) was obtained from Diaporthe kongii, a fungus isolated from 

Carthamus lanatus L. ssp. lanatus collected in Australia. The absolute configuration 

was elucidated via ECD calculation. (Evidente, Boari et al. 2015) Phomopyrone A (142) was 
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isolated from Phomopsis sp. HNY29-2B, an endophytic fungus derived from the 

Mangrove plant Acanthus ilicifolius, collected from Hainan Island, P. R. China. The 

structure was further confirmed by X-ray diffraction. (Cai, Chen et al. 2017) Phomobutenolide 

(143) was obtained from the endophytic fungus Phomopsis sp. 11F0023, which was 

isolated from Eragrostis amabilis collected in Hsinchu, Taiwan.(Cheng, Wu et al. 2015) From 

Phomopsis sp. 10F0011, an endophytic fungus of Peperomia sui collected from 

Pingtung County, Taiwan, phomopsuidiol (144) was obtained. (Cheng, Wu et al. 2018) The 

virulent fungus Diaporthe gulyae isolated from Carthamus lanatus L. ssp. lanatus, 

collected in Australia, yielded gulypyrones A and B (145 and 146), phomentrioloxins 

B and C (147 and 148). The Mosher’s reaction was carried out to obtain the absolute 

configuration of gulypyrones A (145). (Andolfi, Boari et al. 2015) Two cytosporones (149 and 

150) were isolated from Phomopsis sp. PSU-H188, an endophytic fungus of Hevea 

brasiliensis, collected from Trang Province, Thailand. (Kongprapan, Xu et al. 2017) Compounds 

(150) also been reported from Phomopsis sp. YM355364. (Ma, Shen et al. 2014) Dothiorelones 

I and J (151 and 152) were isolated from fungus Phomopsis sp. BCC 45011 which was 

isolated from a Xylocarpus granatum leaf, collected in Nakhon Si Thammarat Province, 

Thailand. (Kornsakulkarn, Somyong et al. 2015) Phomopsis sp. IFB-ZS1-S4 produced cytosporone 

T and U (153 and 154) and the fungus was isolated from a healthy stem of Scaevola 

hainanensis Hance, collected in Hainan Island, P. R. China. (Wu, Guo et al. 2013) 

Phomentrioloxin (155) was produced by the fungus Diaporthe gulyae, which was 

isolated from Carthamus lanatus L. (Cimmino, Andolfi et al. 2013) 
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Seven polyoxygenated cyclohexenoids phomopoxides A−G (156–162) were obtained 

from Phomopsis sp. YE3250. The fungus was isolated from Paeonia delavayi collected 

in Yunnan Province, P. R. China. The X-ray crystallographic analysis determined the 

configuration for phomopoxide A (156). Compounds 156–162 displayed weak 

cytotoxic, weak antifungal. In the test of α-glycosidase inhibitory activities, compounds 

156-162 showed IC50 value ranging 1.47-2.88 mM, while the positive control acarbose 

displayed an IC50 value of 1.22 mM. (Huang, Jiang et al. 2018) Diaporthe sp. SXZ-19 an 

endopyte of Camptotheca acuminate collected from Fujian Province, P. R. China, 

yielded a new polyketide (163). (Liu, Hu et al. 2013) Four similar polyketide 

phomopsolidones A–D (164–167) were isolated from Phomopsis sp. DC275, a fungus 

obtained from Vitis vinifera from Ticino, Switzerland. (Goddard, Mottier et al. 2014) 

Diaporthacol (168) was discovered from Diaporthe sp. PSU-SP2/4. This fungus was 

isolated from a sponge collected in Trang Province, Thailand. (Khamthong, Rukachaisirikul et al. 

2014) 5,6-Dihydro-2-pyrone (169) was produced by Phomopsis amygdali, an endophytic 

fungus from Corylus avellana, collected in Turkey. (Akay, Ekiz et al. 2014) Three oxygen-

bridged cyclooctadiene phomoxydienes A–C (170–172) together with compounds 151 

and 152were isolated from Phomopsis sp. BCC 45011. (Kornsakulkarn, Somyong et al. 2015) 

Phomopsis sp. CMU-LMA, isolated from Alpinia malacensis, yielded three compounds 

(173–175). (Adelin, Martin et al. 2013)  
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1.3.3 Lipids 

Two fatty acids (176 and 177) were isolated from Diaporthe terebinthifolii, a fungal 

endophyte from Glycyrrhiza glabra Linn. (Yedukondalu, Arora et al. 2017) Diaporthe sp. JC-J7, 

isolated from Dendrobium nobile, collected in Yunnan Province, P. R. China, yielded 

a group of compounds, namely diaporthsins A–K (178–188). All compounds are fatty 

acid derivatives. (Hu, Yang et al. 2018) 
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1.3.4 Cytochalasins 

Cytochalasins are structurally diverse polyketide-non ribosomal peptide fungal 

secondary metabolites. The characteristic structural feature is a substituted isoindole 

scaffold with a macrocyclic ring which is derived from a highly reduced polyketide 

backbone and an amino acid. (Skellam 2017) Phomopsichalasins D–G (189–192) were 

isolated from Phomopsis sp. xy21. The fungus was obtained as Mangrove endophyte 

from Xylocarpus granatum, collected in Trang, Thailand. (Luo, Zhang et al. 2016) Phomopsis 

sp. shj2 yielded three cytochalasins, phomopchalasins A–C (193–195). The 

configurations of phomopchalasins A and B (193 and 194) were determined via ECD 

calculation and comparison with known compounds. The X-ray measurement for 

phomopchalasins A and C (193 and 195) confirmed the structures. (Yan, Wang et al. 2016) 

Phomocytochalasin A (196) was isolated from Phomopsis asparagi, an endophyte of 

the plant Peperomia sui collected from Pingtung County, Taiwan. (Chang, Peng et al. 2018) 18-

Methoxycytochalasin J (197) was produced by Phomopsis sp. IFB-E060. The fungus 

was isolated from plant Vatica mangachapoi collected from Guangdong Province, P. 

R. China. (Shen, Luo et al. 2014) Phomopsis theicola obtained from leaves of Litsea hypophaea 

collected in Pingtung County, Taiwan, yielded phomocytochalasin (198). (Hsiao, Chang et al. 

2016) Cytochalasin R1 (199) was isolated from Phomopsis sp. CIB-109, a plant 
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pathogenic fungus collected from Sichuan Province, P. R. China. (Zhan, Li et al. 2013) 

Cytochalasins J1–J3, H1, and H2 (200–204) were isolated from the marine sediment 

derived fungus Phomopsis sp. CMB-M0042F collected in Queensland, Australian. 

(Shang, Raju et al. 2017) Diaporthalasin (205), an interesting pentacyclic lactam cytochalasin, 

was isolated from Diaporthe sp. PSU-SP2/4 together with compound 164 which had 

been described before. (Khamthong, Rukachaisirikul et al. 2014)  
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1.3.5 Peptides 

Two cyclopeptides (206 and 207) were isolated from a co-culture of Phomopsis sp. K38 

and Alternaria sp. E33. Those soil-derived fungi were obtained from a Mangrove area 

in Guangdong Province, P. R. China. In the antifungal activity test against plant 

pathogenic fungi Gaeumannomyces graminis, Rhizoctonia cerealis, Helminthosporium 

sativum, and Fusarium graminearum, both compounds showed activity with MIC 

values range from 150 to 400 μg/mL, while the positive control triadimefon had a MIC 

of 100-150 μg/mL. (Shi, Yuan et al. 2016) A methylated derivative of phomopsin A (208) was 

isolated from lupin seeds fermented by Diaporthe toxica. It showed cytotoxicity against 

HepG2 cells with an IC50 value of 6.1 μM. (Schloss, Hackl et al. 2017) The fungus Phomopsis 

glabrae isolated from leaves of the Mangrove plant Pongamia pinnata, collected in 

Maharashtra, India, produced the depsipeptide PM181110 (209) with a fatty acid 

moiety. (Verekar, Mishra et al. 2014) 

 

 

1.3.6 Terpenoids and Steroids 

Terpenoids are also a major class of secondary metabolites from Phomopsis and are 

derived from the isoprene biosynthesis pathway. (Schmidt-Dannert 2015) Phomophyllins A–N 

(209–223) were isolated from Phomopsis sp. TJ507A. The fungus was obtained as an 

endophytic fungus of the medicinal plant Phyllanthus glaucus collected in Jiangxi 

Province, P. R. China. The absolute configurations of all compounds were elucidated 

based on ECD calculation or X-ray measurement together with Mosher’s reactions. 

Compounds 209–215 and 217 showed inhibitory activity ranging from 19.4% to 43.8% 

at a dose of 40 μM against the β-site amyloid precursor protein cleaving enzyme 1 

(BACE1). The BACE1 inhibitor LY2811376 (0.5 μM) was used as the positive control 
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with an inhibitory rate of 38.6%. (Xie, Wu et al. 2018) Ten sesquiterpenoids diaporols J-S 

(224–233) were isolated from the fungus Diaporthe sp. IFB-3lp-10. The fungus was 

obtained from leaves of Rhizophora sutylosa, a Mangrove plant collected from Hainan 

Island, P. R. China. The absolute configurations of compounds 224, 225, 232, and 233 

were elucidated via X-ray measurements, and absolute configurations for compounds 

224 and 230 were determined via ECD calculation and comparison with known 

compounds. (Chen, Liu et al. 2015)  

 

Myrocin E (234), tellenone J (235) and libertellenone K (236) were isolated from 

Phomopsis sp. S12. The fungus was obtained from seeds of Illigera rhodantha, 

collected in Hainan Island, P. R. China. The structures of tellenone J (235) and 

libertellenone K (236) were confirmed by X-ray measurement. In the bioactivity test, 

tellenone J (235) showed significant immunosuppressive activities and reduced LPS-

induced NO, IL-1β, IL-6 and TNF-α production with an IC50 value ranging from 2.2 to 

10.2 μM. It furthermore inhibited activation of MAP kinase and NF-κB pathway. (Wei, 

Gao et al. 2014) A lanostanoid (237) with a structurally interesting aromatic B-ring was 
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isolated from Diaporthe sp. LG23, an endophytic fungus of Mahonia fortune, collected 

in Shanghai, P. R. China. The bioassay showed antibiotic activity with MIC value 

ranging from 0.1 to 5.0 μg/mL against the bacterial strains Staphylococcus aureus 

(DSM 799), Escherichia coli (DSM 682), Bacillus subtilis (DSM 1088), Pseudomonas 

aeruginosa (DSM 22644), and Streptococcus pyogenes (DSM 11728), while the 

positive controls streptomycin and gentamicin had MIC values of 1-10 μg/mL. (Li, Kusari 

et al. 2015) An euphane triterpenoid (238) was produced by Phomopsis chimonanthi, an 

endophytic fungus of Tamarix chinensis from Shandong Province, P. R. China. The 

absolute configurations were determined via Mosher’s reaction (Zhang, Hao et al. 2013) Two 

steroids (239 and 240) were isolated from Phomopsis sp. YM 355364, an endophytic 

fungus of Aconitum carmichaeli from Yunnan Province, P. R. China. (Wu, Huang et al. 2013) 

Two ergostane-type steroids, namely phomopsterones A and B (241 and 242) were 

isolated from Phomopsis sp. TJ507A, an endophytic fungus of the medicinal plant 

Phyllanthus glaucus. The bioassay indicated that phomopsterone B (242) exhibited 

anti-inflammatory activity and caused iNOS enzyme inhibition as well as inhibed nitric 

oxide (NO) production. (Hu, Wu et al. 2017) Diaporthe sp. SNB-GSS10, an endophytic 

fungus from leaves of Sabicea cinereal, collected in Roura, French Guiana, produced 

enamidin (243) and eremofortin F (244). (Mandavid, Rodrigues et al. 2015) Eremophil-9-ene-

11,12,13-triol (245) and oxazole, 4-(2-hydroxyethyl)-5-methyloxazole (246) were 

isolated from the endophytic fungus Phomopsis sp. A240. The fungus was obtained 

from Taxus chinensis var. mairei collected in Guangdong Province, P. R. China. (Tao, 

Chen et al. 2014) (+)-S-1-Methyl-abscisic-6-acid (247), a new abscisic acid congener, was 

isolated from the entomogenous fungus Phomopsis amygdali No. RAXL Y-6. The 

fungus was isolated from Cecidomyiidae Gall midges collected from Ai Sha forest 

farm, Guangxi Province, P. R. China. (Ma, Wang et al. 2016) Homopetasinic acid (248), 

consisting the moieties of an ester of a fatty acid and a sesquiterpene was isolated from 

Diaporthe sp. The ECD calculation established the configuration. (Ito, Kumagai et al. 2016) 
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In total, 248 new metabolites were reported from the genus Phomopsis in the past six 

years. Most of the producers were endophytic fungi, especially from medicinal plants 

such as Paris polyphylla and from Mangrove plants. Based on the structural 

characteristics, polyketide-derived metabolites are the largest group.  
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1.4 Azaphilones, a Group of Bioactive Polyketide 

Metabolites (a Review Covering the Years 2013-2018) 

In this chapter, azaphilones are summarized by their structures to better understand the 

main compounds isolated from Coniella fragariae as presented in this thesis. The first 

reported azaphilone was citrinin, which was isolated from Penicillium citrinum in 1931. 

(Hetherington and Raistrick 1931) The core structure of the azaphilones is based on a highly 

oxygenated bicyclical core containing oxygen or nitrogen at position 2. (Gao, Yang et al. 2013) 

The side chains or methyl groups are preferentially linked to positions 3 and 8. At 

position 8, a saturated side chain usually forms a five-membered lactone ring. The 

unsaturated side chain is preferably linked to position 3. The oxygen prefers positions 

6, 7, and 8 and to be in the form of hydroxyl or carbonyl groups. Some compounds will 

form an ester bridge with a fatty acid. Additionally, azaphilones were isolated from a 

fungal-fungal co-culture of Nigrospora oryzae and Beauveria bassiana, (Zhang, Yang et al. 

2018) and also during several OSMAC (one strain many compounds) experiments. 

Interestingly, only the OSMAC-obtained azaphilones have a side chain at the unusual 

C-5 position. (Hewage, Aree et al. 2014, Wijesekera, Mahidol et al. 2017) 

 

 

Azaphilones are typical fungal polyketide metabolites, that have mainly been reported 

from the fungal genera Penicillium, Aspergillus, Talaromyces, Monascus, and 

Chaetomium. (Gao, Yang et al. 2013) The compounds can be considered as taxonomic markers. 

(Chen, Chen et al. 2017) Depending on the chemical structures, different kinds of activities of 

azaphilones have been described. Furthermore, numerous publications exist reporting 

the biosynthesis of azaphilones as well as their chemical synthesis. Until 2012, 373 

azaphilones had been reported according to a review by Gao et al.. (Gao, Yang et al. 2013) 

Between 2013 and 2018, 50 additional papers were published reporting 153 azaphilones 

as new natural products. These azaphilones are grouped by chemical structures as 

classical azaphilones, classical azaphilones with oxygen side chains, unusual 

azaphilones, 7,8-lactone ring azaphilones, and nitrogenous azaphilones.  
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1.4.1 Classical Azaphilones 

Compounds 1–17 were reported as new compounds without side chains. 

Annulohypoxylomans A−C (1–3), annulohypoxylomanols A and B (4 and 5) and 

annulohypoxyloside (6) were isolated from Annulohypoxylon truncatum JS540, which 

is an endophytic fungus of the plant Zizania caduciflora collected from Suncheon, 

South Korea. Annulohypoxyloside (6) is the only glucosidic azaphilone published 

between the year 2013 and 2018 (Li, Lee et al. 2017) From an unidentified marine bryozoan, 

the entomopathogenic fungus Beauveria felina EN-135 was isolated and produced 

felinones A and B (7 and 8). The absolute configuration of felinone A (7) was 

determined by the application of ECD and comparison with known compound 

pestafolide A. (Du, Li et al. 2014) Xylariphilone (9) was isolated from a seagrass-derived 

fungus Xylariales sp. PSU-ES163. The seagrass Halophila ovalis was collected from 

Trang Province, Thailand. The absolute configuration was only proposed by ECD 

spectrum analysis and comparison with a similar known compound. (Arunpanichlert, 

Rukachaisirikul et al. 2016) Hypoillexidiol only with relative configuration with same planner 

structure of xylariphilone (9) also reported from Hypoxylon sp. 12F 0687. The fungus 

was obtained as endophytic fungus from roots of Ilex formosana collected in Yilan 

County, Taiwan. Hypoillexidiol showed potent anti-NO production activity with an 

IC50 value of 17.5 μM, while the positive control quercetin had an IC50 value of 35.9 

μM. (Chen, Cheng et al. 2015) Aspergillusone C (10) was isolated from the fungus Aspergillus 

clavatus, an endophytic fungus isolated from leaves of Tripterygium hypoglaucum 

(Levl.) Hutch. (Wang, Bai et al. 2015) Felinone A (7), xylariphilone (9), and aspergillusone C 

(10), share the same planar structure with different configurations at position 6 and 7. 

Perangustols A and B (11 and 12) only the relative configuration were isolated from 

the marine sediment-derived fungus Cladosporium perangustm FS62, which collected 

at a depth of 955 m in the South China Sea. (Fan, Sun et al. 2016) From the fungus Aspergillus 

fumigatus, which was isolated from the fruiting body of Cordyceps sinensis collected 

from Gansu Province, P. R. China, five azaphilones (13–17) were isolated. The first 

two compounds 13 and 14 were mixtures of enantiomers, which was separated by chiral 

HPLC. ECD calculations were used to determine the absolute configurations for 

compounds 13 and 14. (Li, Han et al. 2018) 
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This group of classical azaphilones shares a carbon scaffold and a side chain connected 

to carbon-3. Nigirpexins A–D (18–21) are four pulvilloric acid-type azaphilones, which 

isolated from a Nigrospora oryzae co-culture with Irpex lacteus. Furthermore, the 

authors also investigated the interactions of between N. oryzae and I. lacteus. Both 

endophytic fungi were isolated from seeds of Dendrobium officinale, which were 

collected from Yunnan Province, P. R. China. The authors suggested that azaphilones 

were produced by N. oryzae, while I. lacteus induced their production. (Zhou, Yang et al. 2018) 

Nigbeauvins A–E (22–26) were also obtained from a co-culture of Nigrospora oryzae 

with Beauveria bassiana. Both fungi were isolated form seeds of Dendrobium 

officinale collected from Yunnan Province, P. R. China. Interestingly, nigirpexin B (23) 

displayed an unprecedented skeleton with a bicyclic oxygen bridge at carbons 3 and 1. 

Nigbeauvins A and B (22 and 23) showed pronounced NO inhibitory activity with ratios 

at 37% and 39% at 50 µM, respectively, while the positive control NG-monomethyl-L-

arginine (L-NMMA) showed an inhibition ratio of 50 % at 50 μM. (Zhang, Yang et al. 2018) 

Peniazaphilin A (27), an azaphilone with a tetrahydrofuran moiety was isolated from 

soil derived Penicillium sp. CPCC 400786 collected from Chongqing City, P. R. China. 

The absolute configuration was determined by ECD spectrum comparison to known 

compounds. This compound showed weak anti-HIV activity with an IC50 value of 60.4 

μM. (Zhang, Zhao et al. 2018) The structure of pleosporalone A (28) was elucidated as an 
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azaphilone with an aromatic moiety at carbon-3. It was obtained from a marine derived 

Pleosporales sp. CF09-1, which was isolated from sediment collected from Bohai Sea, 

P. R. China. Pleosporalone A (28) showed stronger antifungal activity against plant 

pathogenic Botrytis cinereal (IC50 0.39 μM), Rhizopus oryzae (IC50 0.78 μM) and 

Phytophthora capsici (IC50 0.78 μM), compared to the positive control carbendazim 

with IC50 values 0.78, 1.56 and 1.56 μM, respectively. (Cao, Yang et al. 2016) An unnamed 

azaphilone (29), with a rare hydroxyl group connected to carbon-5, was isolated from 

Penicillium 303#. The fungus was obtained from sea water collected in a Mangrove 

reserve area in Guangdong Province, P. R. China. The compound 29 reported only with 

relative configuration showed weak cytotoxicity with IC50 values ranging of 11.09-

24.62 µM against MDA-MB-435, HepG2, HCT-116, and A549 cell lines.(Li, Yang et al. 

2014) Geumsanols A and C–E (30–33) were produced by a soil derived Penicillium sp. 

KCB11A109 together with several chlorinated known compounds. The fungus was 

isolated from a soil sample collected in Geumsan, Korea. Geumsanol E (33) exhibited 

phenotypic effects in zebrafish development. (Son, Ko et al. 2016) 
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The azaphilones depicted below are halogenated and contain a chloride moiety at 

position 5. Penicilazaphilones D and E (34 and 35) are two chlorinated azaphilones, 

isolated from Penicillium sclerotiorum. The fungus was obtained from the inner tissue 

of an unidentified sponge collected from a coral reef at a depth of 10 m in the sea area 

of Guangdong Province, P. R. China. Penicilazaphilone E (35) exhibits an interesting 

side chain at carbon-3, derived from a tetrahydrofuran ring. The absolute configuration 

of compound 34 was determined via X-ray measurement together with ECD 

calculations. (Wang, Hao et al. 2018) Penicilazaphilone C (36) was isolated from the marine 

fungus Penicillium sclerotiorum. The fungus was isolated from a rotten leaf sample 

collected near the sea coast at Hainan Island, P. R. China. The compound showed 

selective antiproliferative activity against B-16 and SGC-7901 cells, but weak effects 

against normal M-10 cells. In the antibacterial activity test, it showed activity with IC50 

values ranging from 0.037 to 0.150 mM against Staphylococcus aureus, Pseudomonas 

aeruginosa, Klebsiella pneumonia, and Escherichia coli. (Zhou, Wang et al. 2016) 

Eupenicilazaphilones A–C (37–39) were isolated from Eupenicillium sp. 6A-9, which 

was isolated from the sponge Plakortis simplex collected from Yongxing island, P. R. 

China. The configurations of compounds (37–39) were elucidated via ECD calculation 

and comparison to known compounds. In the cytotoxicity test, all compounds showed 

weak cytotoxicity with IC50 value ranging from 36.88 to 49.95 µM against the MCF7 

cell line, and compounds 38 and 39 showed cytotoxicity with IC50 values 63.32 and 

43.96 µM against the A459 cell line. (Gu, wu et al. 2018) Epi-isochromophilone III (40) were 

isolated from soil derived fungus Penicillium multicolor CM01 collected from Chiang 

Mai Province, Thailand, and showed cytotoxicity against KB, MCF-7 and NCI-H187 

cell lines with IC50 values of 6.9, 10.6 and 6.2 μg/mL. (Hemtasin, Kanokmedhakul et al. 2016) 

Penidioxolanes A and B (41 and 42), with interesting 1,3-dioxolane containing side 

chains, were discovered from a marine sediment derived Penicillium sp. KCB12C078 



1 - Introduction 

 

 

34 

collected in Anmyeon Island of South Korea, however, only with relative configuration 

were reported. (Kim, Son et al. 2015)  

 

1.4.2 Classical Azaphilones with Oxygen Linked Side Chains 

This group of azaphilones is characterized by oxygen linked side chains. Usually the 

side chain prefers to form an ester bridge at position 6, 7, or 8. Based on their chemical 

structures, most of these side chains are derived from the polyketide/fatty acid pathway. 

Compounds 43-51 shown below exhibit fatty acid side chains at position 7. 

Phialomustins A, C and D (43–45) were isolated from the endophytic fungus 

Phialophora mustea, derived from the plant Crocus sativus. The configurations for 

compounds 43–45 were established by comparison of measured ECD spectra with 

known structures. Phialomustins C and D (44 and 45) showed antifungal activity 

against Candida albicans with IC50 values of 14.3 and 73.6 μM. (Nalli, Mirza et al. 2015) 

Penicilones A–D (46–49) were isolated from Penicillium janthinellum HK1‑6, which 

had been obtained from Mangrove rhizosphere soil collected in Hainan Island, P. R. 

China. All compounds exhibit a six-membered ring at carbon-3 and an ester linked fatty 

acid side chain at carbon-7. The absolute configuration of penicilone A (46) was 

established via ECD spectrum comparison and Mosher’s reaction. Penicilones B–D 

(47–49) showed similar anti-MRSA activities with MIC values ranging from 3.13-6.25 

μg/mL, compared to the positive control vancomycin·HCl with 0.39-6.25 μg/mL. (Chen, 

Shen et al. 2017) Helicusin E (50) and isochromophilone XI (51), two chloroazaphilones, 
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were isolated from the fungus Bartalinia robillardoides LF550, which had been 

obtained from the Mediterranean sponge Tethya aurantium. The ester side chain at 

position 7 is derived from the polyketide pathway. The absolute configurations of both 

compounds were determined by ECD calculation and comparison to known 

compounds. (Jansen, Ohlendorf et al. 2013) 

 

 

In this group, azaphilones (52–69) are connected to an orsellinic acid moiety at position 

6, 7, or 8. The azaphilone core structure and orsellinic acid both originate through the 

polyketide pathway. (Sanchez, Chiang et al. 2010) Montagnuphilones A–G (52–58) were 

published with relative configurations and isolated from the endophytic fungus 

Montagnulaceae sp. DM0194. This fungus was obtained from submerged roots of 

Persicaria amphibia collected from shallow water in Arizona, USA. Montagnuphilones 

B and E (53 and 56) showed NO inhibitory effects without cytotoxicity on 

lipopolysaccharide activated RAW264.7 cells. The NO inhibition activities are stronger 
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than that of the positive control with IC50 values of 25.5, and 39.6 μM respectively, 

compared to the positive control, NG-nitro-L-arginine methyl ester (L-Name), which 

showed an IC50 value of 30.6 μM. (Luo, Xu et al. 2017) Pinophilins D–F (59–61) were 

obtained from a gorgonian-derived fungus Penicillium pinophilum XS-20090E18, 

collected from a coral reef in the South China Sea. The absolute configurations for 

compounds 59–61 were elucidated via ECD calculations. (Zhao, Shao et al. 2015) 6’’-Hydroxy-

(R)-mitorubrinic acid (62) and purpurquinone D (63) were isolated from the fungus 

Aspergillus sp16-5C, which is an endophyte of the Mangrove plant Sonneratia apetala 

collected in Hainan island, P. R. China. The absolute configurations of compounds 62 

and 63 were determined by comparing the optical rotation and ECD spectra to similar 

known compounds. (Xiao, Lin et al. 2015) Talaraculones A–F (64–69), all exhibiting 

interesting different side chains at carbon-3, were isolated from the saline soil-derived 

fungus Talaromyces aculeatus from Shandong Province, P. R. China. Talaraculones A 

and B (64 and 65) exhibited α-glucosidase inhibition activity with IC50 values of 78.6 

and 22.9 μM, which are stronger than the positive control acarbose with an IC50 value 

of 101.5 μM. (Ren, Ding et al. 2017) 
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1.4.3 Unusual Azaphilones 

This group consists of unusual azaphilones. Carbon linked side chains or methyl groups 

are normally connected to positions C-3, 7 or 8. However, some azaphilones show 

interesting structures which defy these norms and exhibit unusual side chains or 

additional ring systems. 

 

Peyronellones A–F (70–75) were isolated from the endophytic fungus Peyronellaea 

glomerate and show rare methyl groups at carbon-4. This fungus was obtained from 

fresh bark of Ilex cornuta collected in Jiangsu Province, P. R. China. The absolute 

configurations of peyronellone A and B (70 and 71) could not be identified due to their 

complex structures. The configurations for the remaining compounds 72–75 were all 

established via ECD calculations. The structure of peyronellone F (75) was confirmed 

by X-ray measurement. Peyronellone A and B (70 and 71) improved the survival rate 

of hypoxia/reoxygenation-treated human umbilical vein endothelial cells from 35% to 
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70% similar to the positive control verapamil. (Li, Liu et al. 2018) Thielavialides A–E (76–

80) were isolated from Thielavia sp. PA0001, which was obtained from leaf tissue of 

aeroponically grown Physalis alkekengi collected from Arizona, USA. Considering the 

structural similarity to the known azaphilone pestafolide, they are also be considered as 

azaphilone class. (Wijeratne, Espinosa-Artiles et al. 2014) Two interesting azaphilones, 

dothideomynone A (81) with methyl groups at C-4 and 5, and dothideomynone C (82) 

which is dimer azaphilone linked by C-5, were isolated from Dothideomycete sp. CRI7 

through OSMAC methods. The fungus was isolated from the Thai medicinal plant, 

Tiliacora triandra collected from Nakhonsawan Province, Thailand. The configuration 

of dothideomynone A (81) was identified by single crystal X-ray analysis. In 

cytotoxicity tests against HuCCA-1, MOLT-3, and HepG2 cell lines, dothideomynone 

C (82) exhibited weak cytotoxic activity against MOLT-3 cell lines with an IC50 value 

of 17.4 µg/mL. (Hewage, Aree et al. 2014) 

 

 

 

Citrifurans A–D (83–86), four dimerized azaphilones and furanones with unusual 

carbon-1 linked cyclic side chain were obtained from a centipede intestine derived 
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fungus Aspergillus sp. from Jiangsu Province, P. R. China. The configurations of 

citrifurans A and D (83 and 86) were established via X-ray measurement and ECD 

calculation. Citrifurans A–C (83–85) were published as new scaffolds, and showed 

inhibition of LPS-induced NO production in macrophages of RAW 246.7 cells with 

IC50 values of 18.3, 22.6, and 25.3 μM, respectively. (Yin, Wu et al. 2017) Dothideomynone 

B (87) was reported as the first hybrid azaphilone-pyrone, which was isolated together 

with dothideomynone A and C (81 and 82). (Hewage, Aree et al. 2014) Dothideomynones D–F 

(88–90), three interesting azaphilones with carbon-5 side chains, together with 

compounds 81, 82 and 87, were published from the same fungus Dothideomycete sp. 

CRI7. The configuration of compound 88 was established based on Mosher’s reaction 

and energy minimization. (Wijesekera, Mahidol et al. 2017) Mycoleptones A–C (91–93), three 

dimeric azaphilones, were isolated from Mycoleptodiscus indicus. The fungus was 

described as an endophyte of the medicinal plant Borreria verticillata (L.) G. F. W. 

Meyer collected from Recife, Brazil. All dimeric azaphilones are linked via a methylene 

group at carbon-5. The configurations of three compounds were elucidated via ECD 

calculation. (Andrioli, Conti et al. 2014) Monapilosusazaphilone (94) was isolated from the 

pigment producing fungus Monascus pilosus which is used for food fermentation of red 

yeast rice. This compound was isolated as yellowish optically inactive oil but not as a 

pigment. (Cheng, Wu et al. 2013) The fungus Epicoccum nigrum which was derived from an 

unspecified green alga collected in Cabrera, Spain, yielded acetosellin (95) and 5’, 6’-

dihydroxyacetosellin (96) which have a carbon-side chain at carbon-6 that forms a 

lactone ring. Compound 95 formed an aromatic ring at the side chain with carbon-6. 

(Hufendiek, Stoelben et al. 2017) 
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1.4.4 7, 8 - Lactone Ring Azaphilones and Their Derivatives 

The side chains linked to carbon 8 are mainly derived from fatty acid biosynthesis and 

may form five-membered lactone rings. Most of these compounds exhibit lactone rings 

at position 7 and 8. Some compounds, which are proposedly derived from 

decarboxylation, are also included. 

 

Colletotrichones A–C (97–100) were isolated from the endophytic fungus 

Colletotrichum sp.. The fungus was obtained from leaves of the traditional Chinese 

medicinal plant Buxus sinica collected from Guangdong Province, P. R. China. The 

configurations of all compounds were elucidated via ECD calculation and comparison 

to known compounds. The structure of colletotrichone A (97) was confirmed by X-ray 

measurement. Colletotrichones A, Ba and C (97, 98 and 100) showed antibacterial 

activity without significant cytotoxic effects. Especially compound 97 showed strong 

inhibitory against Escherichia coli and Bacillus subtilis with MIC values of 1.0 and 0.1 

μg/mL compared to the positive control gentamicin with a MIC value of 1.0 μg/mL 

against both bacterial strains. (Wang, Kusari et al. 2016) Coniellins A–G (101–107) were isolated 

from the fungus Coniella fragariae, which obtained from goose drug collected at the 

North Sea coast close to Garding, Germany. The compounds exhibit rare aldehyde 

moieties at carbon-5. The configuration of coniellin A (101) was determined via ECD 

calculation. The compounds showed potent NF-κB inhibition and tumor cell migration 

inhibition at a concentration of 5 μM. (Yu, Sperlich et al. 2018) Minutellins A–D (108–111), 
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four azaphilones isolated from the endophyte Annulohypoxylon minutellum from 

stromata (fruiting bodies) of Annulohypoxylon minutellum collected from the Canary 

Island La Palma, Spain, act as valuable chemotaxonomic markers. The configuration of 

minutellin A (108) was determined by Mosher’s reaction together with ECD spectrum 

comparison to known compounds. (Kuhnert, Surup et al. 2017) 

 

 

 

Geumsanol B (112), with a side chain at carbon-3, together with geumsanols A and C–

E (30–33) which had been introduced before, were isolated from the soil derived fungus 

Penicillium sp. KCB11A109. (Son, Ko et al. 2016) The soil derived fungus Penicillium 

multicolor CM01 produced dechloroisochromophilone II (113) together with epi-

isochromophilone III (40). The compounds 40 and 113 exhibit a short side chains at 

carbon-8. (Hemtasin, Kanokmedhakul et al. 2016) Berkchaetoazaphilones A–C (114–116) were 
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isolated from an acid mine extremophile strain of Pleurostomophora sp. from Berkeley 

Pit, USA. Berkchaetoazaphilones B (115) showed cytotoxicity with an IC50 value of 

1.1 µM against the Y79 cell line. It furthermore inhibited the production of interleukin 

6 (IL-6) and IL-33, and mitigated production of TNF-α and IL-1β by 95% at the 

concentration of 10 µM in THP-1 cells. The publication also discussed the similarity of 

the ECD data related to other azaphilones. (Stierle, Stierle et al. 2015) Cohaerins G–K (117–

121) were isolated from the fungus Annulohypoxylon cohaerens. The fungus was 

obtained from a dead Fagus sylvatica trunk in Rheinland-Pfalz, Germany. (Surup, Mohr et 

al. 2013) A pigment, acetyl-monasfluol B (122), was isolated from a conditional culture 

of fungus Monascus ruber after treatment with dihydrocoumarin which is a NAD+-

dependent deacetylases inhibitor. (Hu, Zhou et al. 2017) Monascusazaphilones A–C (123–125) 

were isolated from Monascus purpureus BCRC 38108. All three compounds showed 

strong inhibition of NO production with IC50 values ranging from 4.60 to 8.88 µg/mL, 

compared to the positive control quercetin with an IC50 value of 8.49 µg/mL against 

RAW264.7 cell line. (Wu, Cheng et al. 2013) Monascuskaodione (126) was isolated from the 

fungus Monascus kaoliang (Cheng, Wu et al. 2015) and monascuspurone (127) was from the 

fungus Monascus ruber. (Cheng, Wu et al. 2016) The only differences of both structures are 

the side chain length at carbon-8. The biosynthesis study at gene level confirmed 

azaphilones as marker metabolites for fungi of the genus Monascus. (Chen, Chen et al. 2017) 
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Compounds 128–140 shown below are chlorinated-lactone azaphilones and their 

derivatives. Similar to chlorinated classical azaphilones, the chloride atom is usually 

located at position 5. Isochromophilones A–F (128–133), six chlorinated azaphilones, 

were isolated from the endophytic fungus Diaporthe sp. SCSIO 41011. The fungus was 

derived from the Mangrove plant Rhizophora stylosa collected in Hainan Island, P. R. 

China. The configurations of all compounds 128–133 were elucidated via ECD 

calculation and comparison to known compounds. Isochromophilones D and F (131 

and 133) showed cytotoxicity against ACHN, 786-O, OS-RC-2 cell lines with IC50 

values ranging from 10 to 38 µM, the positive control sorafenib had IC50 values ranging 

from 3.4 to 7.0 µM. (Luo, Lin et al. 2018) Two chlorinated azaphilones, chaephilones A and 

B (134 and 135), were isolated from Chaetomium globosum, an endophyte of 

Armadillidium vulgare TW1-1 collected from Hubei Province, P. R. China. Both 

compounds showed interesting side chains at carbon-8. (Chen, Wang et al. 2016) Chaephilone 

C (136), a chlorinated azaphilone, was isolated from the deep-sea water derived fungus 

Chaetomium sp. NA-S01-R1. The fungus was obtained from the seawater sample at a 

depth of 4050 m in the West Pacific Ocean. (Wang, Liao et al. 2018) Iso-chromophilonol (137) 

and ochrephilonol (138) were discovered from fermentation of the fungus Chaetomium 

cupreum. The fungus was collected from a pineapple plantation at Rayong province, 

Thailand. (Panthama, Kanokmedhakul et al. 2015) Chaetoviridins J and K (139 and 140) were 

isolated from the fungus Chaetomium globosum, which was described as an endophyte 

of leaves of Wikstroemia uvaursi collected from Hawaii, USA. The configuration of 

chaetoviridin J (139) was determined via Mosher’s reaction together with comparison 

of the ECD spectrum to known compounds. The X-ray measurement confirmed the 

structure of chaetoviridin K (140) (Youn, Sripisut et al. 2015) 
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1.4.5  Nitrogenous Azaphilones 

This class contains azaphilones with nitrogen replacing oxygen at position 2 in the core 

structure. Nitrogenous azaphilones are proposed to be generated by the same 

biosynthetic pathway as their oxygen counterparts, because some fungi can produce 

both kinds of azaphilones. Chaetomium fungi are able to produce a great number of 

nitrogenous azaphilones. (Zhang, Li et al. 2012) Nitrogenous azaphilones are more brightly 

colored than their oxygen containing counterparts. (Chen, Chen et al. 2017) The nitrogenous 

azaphilones published in the past six years are shown below.  

 

Peniazaphilones A–D (141–144) are nitrogenous azaphilones, which were isolated 

from an alga derived Penicillium sp. ZJ-27 collected in Guangdong Province, P. R. 

China. The configurations for compounds 141 and 142 were determined based on ECD 

calculation. (Zhang, Long et al. 2016) The red pigment berkchaetorubramine (145), which 

carries a side chain at carbon-6 that forms an aromatic lactone ring was isolated together 

with berkchaetoazaphilones A–C (114–116) from an acid mine extremophile strain 
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Pleurostomophora sp.. (Stierle, Stierle et al. 2015) Chaetomugilides A–C (147–149) were 

isolated from Chaetomium globosum TY1, an endophytic fungus of Ginkgo biloba 

collected from Shandong Province, P. R. China. Chaetomugilide A (147) exhibited 

cytotoxicity against the human cancer cell line HePG2 with an IC50 value of 1.7 µM, 

while the positive control camptothecin showed an IC50 value of 32.3 µM. (Li, Tian et al. 

2013) N-2-Butyric-azochaetoviridin E (Chaetomugilide A) (147), isochromophilone XIII 

(146), and 4’-epi-N-2-hydroxyethyl-azachaetoviridin A (Chaetomugilide C) (149) were 

isolated from Chaetomium globosum DAOM 240359 isolated from an indoor air 

sample in Ontario, Canada. (McMullin, Sumarah et al. 2013) Isochromophilone X (150), a 

nitrogenous azaphilone with a polyketide side chain, was isolated from Bartalinia 

robillardoides together with two oxygen containing azaphilones helicusin E (50) and 

isochromophilone XI (51). (Jansen, Ohlendorf et al. 2013) Chaetoviridides A–C (151–153) and 

chaephilone C (135), were obtained from the same Chaetomium sp. NA-S01-R1. 

Chaetoviridides A–C (151–153) with yellow or red color all showed antibiotic and 

cytotoxic activity. Especially chaetoviridide A (151) showed strong antimicrobial 

activity with an IC50 value of 7.3 µg/mL against Vibrio rotiferianus, while the positive 

control erythromycin showed an IC50 value of 3.9 µg/mL. In the cytotoxicity test, 

compound 151 showed an IC50 value of 3.9 μM against Hep G2 cells, and the positive 

control doxorubincin showed an IC50 value of 1.1 μM. (Wang, Liao et al. 2018) 
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From 2013 to 2016, 153 azaphilones were published from 50 fungal strains belonging 

to 26 genera. From the genus Penicillium, 25 azaphilones were isolated while, 14 

compounds were isolated from Annulohypoxylon and, 14 from Chaetomium. From the 

153 azaphilones, 102 compounds were isolated from endophytic fungi from plants, 

algae, sponges, or animals. From plant endophytes, including Mangrove plants, 77 

azaphilones have been reported. The marine-associated fungi, including from 

Mangrove environments contributed 41 azaphilones.  
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1.5 Aims of the Study 

The aim of this study is focused on the discovery of new natural products from fungi 

and the elucidation of their various bioactivities. In order to enhance the possibility to 

find novel metabolites, less investigated fungi and talented fungi were chosen for this 

investigation. Firstly, fungi from less investigated habitats have a higher chance for 

producing novel compounds. Coprophilous fungi, which exist in animal dung are under 

investigated and offer a high chance to find new and interesting compounds. (Sarrocco 2016) 

Secondly, some well-investigated fungi, which have shown a large number of new 

compounds already in the past, can also be of interest for further studies especially if 

new methods for fermentation such as the OSMAC approach or co-cultivation are 

employed. (Marmann, Aly et al. 2014, Romano, Jackson et al. 2018)   

 

In this thesis goose (Anser anser) dung, collected near the seacoast of North Germany, 

was used as a special source for the isolation of several fungi, including Coniella 

fragariae. Fungi isolated from dung may not be exclusively coprophilous fungi, but 

may also originate from food that the animal ate. The latter seems to be the case for 

Coniella fragariae which is a known strawberry pathogen. As a less investigated 

fungus, its extract obtained following fermentation on solid rice medium proved to be 

rich in new metabolites.  

 

Phomopsis sp. D15a2a was isolated as an endophytic fungus from the plant 

Alternanthera bettzickiana. As mentioned in the Introduction, a large number of 

publications reporting new compounds was already known for this fungus. 

Nevertheless, also in this case new compounds could be obtained from this well 

investigated source. 

 

The results obtained during my PhD studies are compiled as a cumulative dissertation 

which is based on three original publications. 

.
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2 Azaphilone Derivatives from the Fungus Coniella 

fragariae Inhibit NF-κB Activation and Reduce Tumor 

Cell Migration 
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Contribution: first author, conducting most of the experiments, literature research, 

manuscript writing. 
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5 Discussion  

5.1 Chemical Constituents of the Fungus Coniella fragariae 

Fungi of the genus Coniella (synonyms Pilidiella and Schizoparme) are reported to be 

plant pathogens and most published reports focus on the biology of Coniella, 

agriculture, or as a target for anti-fungal studies. (Alvarez, Groenewald et al. 2016) In the current 

study, the fungus was isolated from goose (Anser anser) dung that was collected from 

the North Sea coast close to Garding, Germany. Based on the reports that Coniella 

fragariae is a typical plant pathogen, the true source of the fungus likely consists of 

plants that had been eaten by the geese. Investigation of the natural products of Coniella 

fragariae in this dissertation (Chapter 2 and 3) showed that metabolites from this fungus 

included azaphilones, macrodiolides and integracins.  

 

The most interesting metabolites isolated from this fungal strain were the new 

azaphilones, which are unusual due to the aldehyde group present at position C-5. The 

main metabolite, coniellin A, led to Nf-𝝹B inhibition and reduced tumor cell migration 

in the human breast tumor MDA-MB-231 cells. Additionally, two macrodiolides, 

pyrenophorin (Kastanias and Chrysayi-Tokousbalides 2005) and pyrenophorol (Zhang, Krohn et al. 2008), were 

isolated from this fungus. Pyrenophorin is cytotoxic against several cancer cell lines at 

the nanomolar level. 

 

5.1.1 Macrodiolides 

Pyrenophorin and pyrenophorol are structurally related natural products. Pyrenophorin 

was reported for the first time as a fungal metabolite isolated from a culture of 

Pyrenophora avenae in 1961.(Ishibashi 1961) Later, pyrenophorol was isolated from the 

fungus Byssochlamys nivea. (Kis, Furger et al. 1969) However, the absolute configurations of 

both compounds had not been established before. In 1976, as an antibiotic candidate, 

pyrenophorin was chemically synthesized as a racemic mixture. (Colvin, Purcell et al. 1976) Two 

years later, the absolute configuration of pyrenophorin was determined via chemical 

synthesis. (Seuring and Seebach 1978) Because of the strong antibiotic and anti-fungal activity, 

as well as the challenging chiral synthesis, several recent publications focus on the 

stereoselective synthesis of pyrenophorin. (Ramakrishna, Sreenivasulu et al. 2016, Costa, Martins et al. 2017)  
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A variety of bioactivities of pyrenophorin-type macrodiolides has been reported, such 

as anti-fungal, (McMullin, Green et al. 2015) antibacterial, (Ishibashi 1961) selective phytotoxic, 

(Sugawara and Strobel 1986, Kastanias and Chrysayi-Tokousbalides 2005) and anthelmintic (abomasum 

nematodes) activities. (Kind, Zeeck et al. 1996) However, no reports on the cytotoxicity of 

pyrenophorin have yet been published. 

 

In this study, two macrodiolides were elucidated based on NMR, MS, and optical 

rotation data. The absolute configuration of pyrenophorin was confirmed via X-ray 

measurement. Both compounds were tested for their cytotoxicity and antibacterial 

activity. Pyrenophorin showed antibacterial activity with a MIC value of 6.25 μM 

against Mycobacterium tuberculosis, 1.56 μM against Staphylococcus aureus ATCC 

700699 and 6.25 μM against Enterococcus faecalis ATCC 29212. However, 

pyrenophorol was not active against these bacteria. In cytotoxicity tests with different 

cancer cell lines, pyrenophorin showed strong cytotoxicity with an IC50 value of 0.6 μM 

against the Ramos B cell line and 0.065 μM against the Jurkat J16 T cell line (72 hours), 

IC50 values of 0.5 μM and 0.9 μM in cis-platin sensitive and resistant A2780 human 

ovarian cancer cell lines (72 hours), and with an IC50 value of 7.8 μM in the MDA-MB-

231 human breast cancer cell line (24 hours). However, pyrenophorol was completely 

inactive against the tested cell lines. During further tests, pyrenophorin did not activate 

the caspase-3 pathway even at concentration up to 30 μM in the Ramos B cell line and 

Jurkat J16 T cell line. Thus, pyrenophorin is proposed to work through a caspase-

independent type of cell death, that does not trigger the apoptosis pathways.  

 

Considering the antibacterial, cytotoxic, and toxic activities against fungi and 

nematodes, the structural differences between pyrenophorin and pyrenophorol are the 

only reasons for the contrasting bioactivates. Pyrenophorin has two carbonyl groups at 

positions 4 and 4’, while pyrenophorol has two hydroxy groups at the same positions. 

Pyrenophorin is assumed to be more active in hetero-Michael addition reactions. Based 

on the primary activity-structure relationship, the proposed Michael reaction is 

probably the reason for the strong cytotoxicity of pyrenophorin. However, even though 

unsaturated carbonyls together with Michael acceptors show broad bioactivity, they 

have largely been ignored due to their presumed indiscriminate reactivity. (Jackson, Widen 

et al. 2017)  
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5.1.2 Azaphilones  

5.1.2.1 Structures of Azaphilones 

Azaphilones are introduced in Chapter 1.4 already. Compared to the majority of 

published azaphilone structures, all azaphilones isolated during this study exhibit 

unusual aldehyde moieties at C-5. Although few examples exist in the literature of 

compounds showing a similar side chain, examples include austdiol and its derivatives 

from Aspergillus ustus (Vleggaar, Steyn et al. 1974) and pitholides A and B from the marine 

fungus Pithomyces sp.. (Wang, Borgeson et al. 1997) Coniellin H is the only reported azaphilone 

that contains a four-membered ring. Based on the chemical similarity of the structures, 

a proposed biosynthetic pathway suggests that coniellin H is a [2 + 2] cycloaddition 

product. The four chiral centers of coniellin H and the configurations of the two double 

bonds in coniellin A support this presumption. The carbon scaffold or side chain-

connections via carbon bonds at position C-4a are extremely rare in azaphilones. Until 

now, only coniellin H and bromophilones A and B exhibit scaffold- or side chain-

linkage at carbon 4a. (Frank, Hartmann et al. 2019) 

 

 

5.1.2.2 Azaphilone Pigments 

Some azaphilone pigments were discovered from the fungal genus Monascus, including 

monascin, (Shi, Liao et al. 2012) rubropunctatin, (Zheng, Zhang et al. 2016) and rubropunctamine 

(Patakova 2013). The fungal genus Hypoxyloideae (Xylariaceae) has also been reported to 
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produce azaphilone pigments. (Stadler and Fournier 2006) The structures of the azaphilone 

pigments that give rise to different colors are due to the aromatic system and the 

exchangeability of oxygen with nitrogen in the core structure. (Chen, Chen et al. 2017) The 

nitrogen present at position 2 contributes to the color in some azaphilones, such as 

amination of the orange pigments rubropuncatatin and monascorubrin with NH3 which 

leads to the red pigments rubropunctamine and monascorubramine. (Chen, Chen et al. 2017)  

 

Monascus sp. from red mold rice was first characterized as an azaphilone pigment 

producer. (Chen, He et al. 2015) Monascus pigments consist mainly of azaphilones and have 

been used for over 2,000 years in East Asia but are still forbidden in Europe and the 

USA.( Dufossé, Galaup et al. 2005) In a SKLM (Ständige Senatskommission zur 

gesundheitlichen Bewertung von Lebensmitteln, Permanent Senate Commission on 

Food Safety) report, red mold rice was not considered safe for food or food supplements 

due to insufficient availability of data regarding the safety and constituents. (Steinberg, E. 

Appel et al. 2013) Some pure azaphilone pigment substances show cytotoxicity, (Hsu, Hsu et al. 

2011) anti-fungal activity, (Cheng, Wu et al. 2011) and inhibition of NO production. (Wu, Cheng et al. 

2011) The variety of bioactivities could be a risk in the food industry, but several reports 

have shown that Monascus purpureus fermented foods were non-toxic and may even 

have additional health benefits. (Klimek, Wang et al. 2009, Mohan Kumari, Akhilender Naidu et al. 2009, 

Puttananjaiah, Dhale et al. 2019)  

 

In this study, coniellin H and I were the only pigments isolated from Coniella fragariae. 

Coniellin H is a four-membered ring compound with a brown color. Coniellin I is a pH-

dependent pigment that has a rose-violet color in solution; the color was stable at pH 

values below 7. However, when the pH was above 7, the rose-violet color was lost and 

the solution turned light yellow. Based on the structure, the proposed changes from 

hemiketal at C-6 to the keto-form result in the loss of the aromatic system. 
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5.1.2.3 Bioactivities of Azaphilones 

Azaphilones have a variety of chemical derivatives and may be valuable for drug 

discovery due to their diverse bioactivities, such as cytotoxic, anti-HIV, antibacterial, 

anti-fungal, and nematicidal activities. (Khurana, Sharma et al. 2017) Especially for anticancer 

research, azaphilones show strong and wide-ranging activity in different cell lines. For 

examples, (−)-berkelic acid from the fungus Penicillium sp. displayed strong 

cytotoxicity against ovarian cancer OVCAR-3 cells with a GI50 value of 91 nM. (Stierle, 

Stierle et al. 2006) Chaetomugilin I from the fungus Chaetomium globosum exhibited 

cytotoxicity that was similarly strong compared to the positive control fluorouracil in 

several cancer cell lines. (Muroga, Yamada et al. 2009) In this study, all azaphilones were 

evaluated for their cytotoxicity, together with inhibition of Nf-𝝹B and tumor cell 

migration in the human breast cancer cell line MDA-MB-231. Coniellin A exhibited 

the strongest Nf-𝝹B inhibition with an IC50 value of 4.4 μM compared to other 

azaphilone derivatives. From the bioactivity and structures of these azaphilones, 

coniellin A, B, and C indicate that a C-14/C-15 double bond is important for Nf-𝝹B 

inhibition. Coniellin E and F are both 15-epimers, coniellin F is R configurated while 

coniellin E is S configurated. Coniellin E is more active with regard to reducing cell 

viability and with regard to Nf-𝝹B inhibition. When comparing the compounds 

coniellin A-C and E-G, the lactone ring located at C-7/8 proved to be less important for 

Nf-𝝹B inhibition than a side chain at C-12. Coniellin H and I, which have a different 

skeleton compared to coniellin A, did not show cytotoxicity and inhibition of Nf-𝝹B. 

 

 

Groups in red color show influence on Nf-𝝹B inhibition and cytotoxicity 
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5.2 Chemical Constituents of the Fungus Phomopsis sp. 

D15a2a 

Endophytic fungi improve the host’s adaptability and modulate the growth of host 

plants through the production of phytohormones, such as abscisic acid derivatives. (Tan 

and Zou 2001, Siewers, Kokkelink et al. 2006) Fungi also contribute their bioactive metabolites to the 

host’s chemical defenses, such as ergot alkaloids (Schiff 2006) and taxol. (Kasaei, Mobini-Dehkordi 

et al. 2017) 

 

In this study, the fungus Phomopsis sp. D15a2a was isolated from a leaf of 

Alternanthera bettzickiana. No reports exist on the metabolites of this fungal strain. 

One paper introduced the fungus when it was found in the plant Diospyros crassiflora 

but no natural products from this fungus were described . (Douanla-Meli and Langer 2012) In this 

study, five new compounds were isolated from the EtOAc extract which was obtained 

following fermentation of the fungus on solid rice medium. These metabolites include 

three types of compounds: koniginin derivatives, pantothenic acid derivatives, and 

tentoxin derivatives. 

5.2.1 Koninginin Derivatives 

The first koninginin derivative, koninginin A was isolated in 1989 from Trichoderma 

koningii and showed weak inhibition of wheat coleoptile growth. (Cutler, Himmelsbach et al. 

1989) Later, koninginin B was isolated together with koninginin A from the same fungus. 

(Cutler, Himmelsbach et al. 1991) Starting with koninginin A, the derivatives have been named 

and published. To date, koninginins R and S are the last fungal metabolites reported 

from Trichoderma koningii in 2017.(Hu, Li et al. 2017) Also the marine derived fungus 

Trichoderma reusei produces trichodermatides B–D, which share the same core 

structure as the koninginins. (Sun, Tian et al. 2008) This kind of compounds was also isolated 

from Emericella nidulans,(Tarawneh, Leon et al. 2013) Trichoderma neokongii, (Zhou, Li et al. 2014) 

Trichoderma applanatum, (Chen, Wu et al. 2018) and Trichoderma koningiopsis.(Liu, Yang et al. 

2016, Liu, Yang et al. 2016, Hu, Li et al. 2017) In this study, koninginin derivatives were isolated from 

the genus Phomopsis for the first time. 

 

All koninginin derivatives are formed by a two-ring core polyketide structure together 

with a fatty acid derived side chain. Polyketide metabolites linked to fatty acid side 
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chains are common in fungal metabolites, such as azaphilones (Gao, Yang et al. 2013) and 

koninginins, due to the close relationship of polyketide biosynthesis and fatty acid 

biosynthesis. (Cronan and Thomas 2009) In this study, three new koninginin metabolites with a 

methyl group instead of a fatty side chain were isolated from Phomopsis sp. D15a2a. 

From the database Sci-Finder, (Sci-Finder) koninginin-type compounds with a methyl 

group have only been obtained by chemical synthesis previously. Phomopones are the 

first examples obtained as natural products.  

 

 

5.2.2 Pantothenic Acid Derivatives 

Enamidin and 3’-hydroxy-enamidin were isolated in this study. Enamidin was reported 

without assigning its configuration as a new fungal metabolite from the endophytic 

fungus Diaporthe (sexual stage of Phomopsis) sp. SNB-GSS10. Enamidin and 3’-

hydroxy-enamidin are structurally similar to pantothenic acid and CJ-15,801 which was 

reported as an antibiotic. (Saliba and Kirk 2005) However, neither of the former compounds 

was active in antibacterial tests against Staphylococcus aureus. The mode of action for 

CJ-15,801 has been reported to be similar to sulfonamide antibiotics and based on the 

key hydroxymethyl group. (van der Westhuyzen, Hammons et al. 2012) This reported mode of action 

also suggests that the lack of antibacterial activity of enamidin and 3’-hydroxy-

enamidin is due to the loss of the hydroxymethyl group.  

 

The absolute configurations for both compounds were determined by Mosher's 

reactions and comparison of their optical rotation. Calculations of differences of 
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chemical shifts between the resulting methylated (R)- and (S)-MPA esters of methyl-

enamidin led to the assignment of the absolute configuration of methyl-enamidin as R. 

Comparison of the optical rotation of enamidin (+60.7 c 0.1, MeOH), 3’-hydroxy-

enamidin (+34.0 c 0.1, MeOH), CJ-15,801 (+47.7 c 0.44, MeOH), R-form of 

pantothenic acid (+37.5), and S-form of pantothenic acid (-56.3), (Sugie, Dekker et al. 2001) 

indicate that enamidin and 3’-hydroxy-enamidin are present in the R-form. The results 

following the Mosher's reactions result and the comparison of the optical rotation of 

Enamidin and 3’-hydroxy-enamidin to published similar structures CJ-15,801 and R-

pantothenic acid showed agreement in the configuration determination. In the 

cytotoxicity tests against the L5178Y mouse lymphoma cell line, both compounds 

enamidin and 3’-hydroxy-enamidin were inactive. 

 
 

5.2.3 Tentoxin Derivatives 

Tentoxin was reported in 1970 as a cyclic tetrapeptide that was isolated from the fungus 

Alternaria tenuis. (Saad, Halloin et al. 1970) Later, in 1974 crystal measurements elucidated the 

structure.(Meyer, Kuyper et al. 1974) Tentoxin shows plant toxicity due to the inhibition of 

energy transfer that was equal to the positive control ATPase inhibitor DCCD (N,N’-

dicyclohexylcarbodiimide). (Dahse, Matorin et al. 1986) Tentoxin tetrapeptides have mostly 

been isolated from the fungal genus Alternaria, but derivatives have also been reported 

from Phoma and Auxarthron.(La Kim, Lin Li et al. 2012, Li, Yue et al. 2017) 

 

18-hydroxydihydrotentoxin was isolated from Phomopsis as a new metabolite. The 

hydroxyl group that is linked with γ-OH-Leu at C-18 of compound 18-

hydroxydihydrotentoxin, at a similar position to that in 3’-hydroxy-enamidin suggests 

that the hydroxylation reactions are catalyzed by the same enzyme. The compound was 

inactive in the anti-bacterial test against Staphylococcus aureus and cytotoxicity tests 

against the L5178Y mouse lymphoma cell line. 
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5.3 Conclusion 

The results of this dissertation describe the chemical constituents of two fungi. From 

the fermentation of Coniella fragariae on solid rice media, eleven metabolites including 

a series of new azaphilones were obtained. From the endophytic fungus Phomopsis sp. 

D15a2a, six compounds were isolated.  

 

Two pigments, coniellin H and I, contribute to the azaphilone structural diversity. 

Furthermore, coniellin I is the first reported pH-independent pigment belonging to the 

azaphilone group. The phomopones are the first naturally occurring koninginin-type 

compounds featuring a methyl group instead of a fatty acid derived side chain. In the 

bioactivity study, metabolites from Coniella fragariae showed activity as NF-κB 

inhibitors and as inhibitors of tumor cell migration. Based on the bioactivity data and 

chemical differences, structure activity relationships are proposed. The two 

macrodiolides, pyrenophorin and pyrenophorol, have contrasting cytotoxic and 

antibacterial activities, which we propose are due to structural differences of α, β-

unsaturated carbonyl related to their reactivity as Michael acceptors.  
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[α]20

D specific rotation at the sodium d-line 

µg microgram 

µL microliter 

µM micromolar 

A2780 CisR cisplatin resistance, human ovarian cancer cell line 

A2780 Sens cisplatin sensitive, humane ovarian cancer cell line 

BC Before Christ 

br broad 

CD circular dichroism 

CD3OD deuterated methanol 

CDCl3 deuterated chloroform 

CH2Cl2 dichloromethane 

CHCl3 chloroform 

Cl chlorine 

cm centimeter 

COSY correlation spectroscopy 

d doublet 

DCM dichloromethane 

dd doublet of doublet signal 

DMSO dimethyl sulfoxide 

ECD electronic circular dichroism 

EI electron impact ionization 

ESI electron spray ionization 

et al. et altera (and others) 

EtOAc ethyl acetate 

g gram 

HCl hydrochloric acid 

HMBC heteronuclear multiple bond connectivity 

HPLC high performance liquid chromatography 

HPLC-MS liquid chromatography-mass 

HRESIMS high-resolution electrospray ionisation mass spectrometry hz 

HR-MS high resolution mass spectrometry 

HSQC heteronuclear single quantum coherence 

Hz herz 

IC50 half maximal inhibitory concentration 

ITS internal transcriber spacers 

L liter 

LC liquid chromatography 

LC/MS liquid chromatography-mass spectrometery 
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m multiplet 

M molar 

m/z mass per charge 

MeOD deuterated methanol 

MeOH methanol 

mg milligram 

MHz mega hertz 

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 

NF-κB nuclear factor kappa-light-chain-enhancer of activated b-cells 

nM nanomolar 

NMR nuclear magnetic resonance 

NOE nuclear Overhauser effect 

NOESY nuclear Overhauser and exchange spectroscopy  

PCR polymerase chain reaction 

PKS polyketide synthase 

ppm parts per million 

q quartet signal 

ROESY rotating frame Overhauser enhancement spectroscopy 

RP 18 reversed phase c 18 

s singlet 

sp. species (singular) 

t triplet 

TDDFT time-dependent density functional theory 

TFA trifluoroacetic acid 

TLC thin layer chromatography 

UV ultra-violet 

VLC vacuum liquid chromatography 
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