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Abstract 

From a fresh root of Trema guineensis (Ulmaceae), endophytic fungi were isolated, 

among which a taxon belonging to Diaporthe sp. This strain was fermented in shake flask batch 

cultures and the broth extracted with ethyl acetate. From the crude extract, a hemiketal 

polyketide (1), and an acetylated alternariol (2) were isolated, along with fifteen known 

secondary metabolites. Their structures were established by extensive NMR spectroscopy and 

mass spectrometry analyses, as well as by comparison with literature data of their analogs. 

Keywords: Diaporthe, Endophytic fungi, Hemiketal polyketide, Alternariol. 

Introduction 

Endophytic fungi are organisms that reside almost ubiquitously inside the fresh healthy 

tissue of plants, and they may increase the resistance of the host tropical trees to survive in 

extreme conditions [1]. As the global diversity of endophytic fungi is far from being accessed 

[2,3], they have been considered as an untapped microbial reservoir capable of producing a 

wide range of structurally unique natural products with potent pharmacological effects [4]. 
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However, the production of biologically active compounds by filamentous fungi, especially 

those exclusive to their host plants, is not only important from a biomolecular standpoint but 

also from an ecological perspective. In continuation of our search for biologically active natural 

products from rare and hitherto unexplored fungi hosted in Cameroonian medicinal plants [5,6], 

we investigated the chemical constituents of another new species of Diaporthe. This genus 

contains many plants pathogenic, endophytic and saprobic species [7]. So far, the investigations 

of chemical constituents of Diaporthe species, have led to the isolation and characterization of 

a myriad of potent natural products with great structural variability such as polyketides, 

terpenoids, polyketide synthase–nonribosomal peptide synthetase (PKS–NRPS) alkaloids and 

cytochalasins, which have been considered as taxonomic markers of the genus [7–10]. 

However, it is worthwhile to mention that the name Phomopsis should no longer be used since 

the introduction of the 1F1N concept in 2013, as explained by Chepkirui and Stadler [7]. 

Unfortunately, some authors who have been working on these fungi ever since the 1F1N 

concept was established in 2013 are apparently not aware of the fact Diaporthe is the older 

name and therefore takes preference over Phomopsis. Regarding the potent talents of 

Diaporthe, we are on the quest to the exploration of structure-activity relationships of 

cytochalasins to establish their trends for various medical applications [5]. Along the same 

lines, we herein report the isolation and structural elucidation of a new polyketide (1) and a new 

acetylated alternariol derivative (2) as well as fifteen known compounds including three 

alternariol derivatives (3–5), one chromone (6), one biphenyl (7), seven cytochalasins (8–14), 

two cytosporones (15–16), and one macrolide (17) from the endophytic fungus, Diaporthe sp. 

isolated from the root of Trema guineensis, a Cameroonian medicinal plant from the family 

Ulmaceae [11]. 

Results 

Structural elucidation 

Diaporthe sp., which showed an interesting by using high-performance liquid 

chromatography–diode array detector–high-resolution mass spectrometry (HPLC–DAD–

HRMS) profile, was large-scale fermented to give 12 g-culture extract. This extract was 

subjected to a silica gel column chromatography to give several fractions, which were further 

purified over normal and reverse phase HPLC to yield 2-ethyl-2,6-dihydroxy-5,7-

dimethylbenzofuran-3-one (1), 3,9-diacetylalternariol (2) (Fig. 1), together with fifteen known 

compounds (supplementary Fig. S1). 
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Fig. 1. Chemical structures of compounds 1 and 2. 

Compound (1) was obtained as a yellow oil. Its molecular formula C12H14O4 that fit 

with six double bond equivalents, was established from the positive ion mode HR-ESI-MS (Fig. 

S1), showing the pseudo-molecular ion peak [M+H]+ at m/z 223.0961 (calcd. for C12H15O4, 

223.0965). The 1H NMR spectrum (Fig. S2; Table 1) displayed in the aromatic region, a singlet 

signal at 𝛿H 7.12 and in the shielded region, resonances for two aromatic methyl groups at 𝛿H 

2.09 (s) and 2.02 (s). Characteristic signals at 𝛿H 1.75 (2H, q, 7.0 Hz) and 0.75 (3H, t, 7.0 Hz) 

indicated an ethyl group and were confirmed in the COSY spectrum with cross-peaks between 

the methylene and the methyl proton signals. The five aforementioned protons showed HSQC 

cross peaks with their respective carbon signals at 𝛿C 121.9, 28.8, 16.6, 8.1, and 7.1, 

respectively (Fig. S3). In the HMBC spectrum, key correlations were observed between the 

olefinic proton signal (𝛿H 7.12) and six carbon signals including three deshielded ones at 𝛿C 

196.1 for a ketone group, 169.2 and 165.6 attributed to oxygenated aromatic carbons, and three 

other signals at 𝛿C, 109.3, 106.3, and 16.6 (Fig. 2). On the other hand, each of the two aromatic 

methyl signals displayed a set of three cross peaks; the first one at 𝛿H 2.09 with the carbon 

signals at 𝛿C 165.6, 121.9 and 120.3, and the second one at 𝛿H 2.02 with the carbon signals at 

𝛿C 169.2, 165.6 and 106.3 (Fig. 2). These findings clearly indicated the presence of the 1,3-

dimethylbenzene moiety linked to a side chain containing an ethyl group and a ketone group. 

Furthermore, the ethyl group was attached to a hemiketal group (𝛿C 106.2) as evidenced of the 

HMBC cross-peaks observed between the methylene proton signals at 𝛿H 1.75 with the carbon 

signals at 𝛿C 196.1, 106.2 and 7.1, and also between the methyl proton signals at 𝛿H 0.75 with 

the carbon signals at 𝛿C 106.2 and 28.8. Hence, these key correlations permitted to attachment 

of the hemiketal carbon (𝛿C 106.2) to the ketone group and the benzene ring. Based on the 

above evidence, the structure of 1 was assigned with a trivial name of diapobenzofuranone (Fig. 

1). The proposed structure was fully supported (Table 1) by HSQC-DEPT, HMBC, and COSY 
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spectra (Figs. S4–S6). Key HMBC correlations of 1 are illustrated in Fig. 2. This compound 

was found to be a racemate since no specific optical rotation was observed. 

 

Fig. 2. Key COSY (▬) and HMBC (↝) correlations of compounds 1 and 2. 

3,9-diacetylalternariol (2) (Fig. 1) was isolated as a white amorphous powder and was 

assigned the molecular formula C18H14O7 (12 DBE), as deduced from the pseudo-molecular ion 

peak [M+H]+ at m/z 343.0809 (calcd. for C18H15O7, 343.0812) observed in the (+)-HR-ESI-MS 

spectrum (Fig. S7). Its 1H NMR spectrum (Fig. S8) allowed the deduction of an alternariol 

scaffold [12] with signals of a chelated hydroxyl proton at 𝛿H 11.76, two pairs of meta-coupled 

protons at 𝛿H 7.57 and 6.68 (1H each, d, 1.0 Hz), and at 𝛿H 6.61 and 6.54 (1H each, d, 2.0 Hz), 

in addition to a singlet signal at 𝛿H 2.71 (3H, s, CH3). The alternariol skeleton was further 

confirmed by the 13C NMR and HSQC spectra (Fig. S9 and S10), in conjunction with the 

HMBC spectrum (Fig. S11) which showed cross-peaks from the proton signal at 𝛿H 6.62 (H-8) 

to the carbon signals at 𝛿C 156.9 (C-7), 154.2 (C-9), 110.3 (C-6a) and 108.6 (C-10); and also 

between the proton signal at 𝛿H 6.55 (H-4) and the carbon signals at 𝛿C 153.2 (C-3, C-4a), 117.0 

(C-2) and 108.6 (C-10b) (Fig. 2; Table 2). Further HMBC correlations (Fig. 2) were observed 

between the proton signal of the methyl group at 𝛿H 2.71 with the carbon resonances 𝛿C 

137.8(C-1), 117.0 (C-2), and 108.6 (C-10b). Additionally, the 1H NMR spectrum displayed two 

singlet signals overlapping at 𝛿H 2.29 due to two acetyl groups, which showed strong HMBC 

cross peaks with the carbonyl carbon signals at 𝛿H 169.0. The structure of 2 was fully assigned 

by using the 13C NMR spectrum which displayed sixteen carbon signals sorted into three methyl 

signals of which two overlapping ones at 𝛿C 21.0, and one at 𝛿C 25.2 attached to the alternariol 

basis skeleton (Fig. 2; Table 2); four methines (𝛿C 117.0, 101.1, 109.6, 108.6), and eleven 

quaternary carbons including the signal of the lactone carbon at 𝛿C 158.5 (C-6) and those of the 

four sp2 oxygenated carbons at 𝛿C 156.9, 154.2 and 153.2. Key COSY and HMBC correlations 

for 2 are illustrated in Fig.2 and the complete assignment for all protons and carbons is tabulated 

Table 2. As we have been able to detect the compound by HPLC-MS in methanolic crude 
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extracts of the fungus that did not come into contact with ethyl acetate or acetic acid (data not 

shown), we can exclude that it is an isolation artefact. 

Table 1. 1H (500 MHz) and 13C (125 MHz) NMR data of compounds 1 and 2 in DMSO-d6. 

N° 
1 

N° 
2 

𝛿H (mult., J in Hz) 𝛿C (mult.) 𝛿H (mult., J in Hz) 𝛿C (mult.) 

2 – 106.2 (C) 1 – 137.8 (C) 

3 – 196.1 (C) 2 6.68 (d, 2.0) 117.0 (CH) 

3a – 109.3 (C) 3 – 153.2 (C) 

4 7.12 (s) 124.9 (CH) 4 6.55 (d, 2.0) 101.1 (CH) 

5 – 120.3 (C) 4a – 153.2 (C) 

6 – 165.6 (C) 6 – 158.5 (C) 

7 – 106.3 (C) 6a – 110.3 (C) 

7a – 169.2 (C) 7 – 156.9 (C) 

1′ 1.75 (m) 28.8 (CH2) 8 6.62 (d, 1.0) 109.6 (CH) 

2′ 0.75 (t, 7.3) 7.1 (CH3) 9 – 154.2 (C) 

5-CH3 2.09 (s) 16.6 (CH3) 10 7.57 (d, 1.0) 108.6 (CH) 

7-CH3 2.02 (s) 8.1 (CH3) 10a – 139.3 (C) 

   10b – 108.6 (C) 

   1-CH3 2.71 (s) 25.1 (CH3) 

   3-OAc, 9-OAc 2.29 (s) 
21.0 (CH3) 

169.0 (C) 

   7-OH 10.33 (s) – 
overlapped signals. 

The fifteen known compounds isolated from Diaporthe sp. extract included alternariol 

(3) [13], 2-hydroxyalternariol (4) [14], 4-hydroxyalternariol (5) [15,16], 2,5-dimethyl-7-

hydroxychromone (6) [17], decarboxyaltenusin (7) [18], cytochalasin H (8) [19], 

epoxycytochalasin H (9) [20], cytochalasin J (10) [21], cytochalasin J2 (11) [22], cytochalasin 

J3 (12) [22], cytochalasin N (13) [23], cytochalasin RKS-1778 (14) [24], cytosporone C (15) 

[25], cytosporone E (16) [26], and lasiodiplodin (17) [27]. 

Discussion 

The present study describes the isolation of two previously undescribed polyketides, 

named diapobenzofuranone (1) and 3,9-diacetylalternariol (2) along with cytochalasins and 

cytosporones from Diaporthe sp. The presence of cytochalasins and cytosporones was obvious, 

as they constitute the taxonomic markers of the genus Diaporthe [8]. Other classes of 

compounds including chromones, chromanones, benzofuranones and macrolides reported in 

this study were also isolated from the genus Diaporthe [8,25]. 

Compound 1 is structurally related to actiketal, a new member of the glutarimide 

antibiotics, previously isolated from Streptomyces [28] and whose antimicrobial activity is 

probably related to the glutarimide moiety. In compound 1, the lack of this moiety, in addition 

to the fact that it has been isolated as a racemate could not lead to any beneficial property.  
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As for compound 2, it is diacetylated derivative of alternariol. Alternariol is a dibenzo-

𝛼-pyrone that constitutes an important group of heptaketide coumarin derivatives with a fused 

tricyclic ring [29]. Dibenzo-𝛼-pyrones are usually isolated from fungi [30,31], mycobionts 

[15,16], plants [32,33], and animal feces containing the transformed products of plant-derived 

ellagitannins and ellagic acid by intestinal bacteria [34,35]. They are known for their wide range 

of biological activities including, antioxidant [34], antiallergic [36], antimicrobial [37], 

acetylcholinesterase inhibitory activities [38], cytotoxic activity [39], mutagenic properties 

[40–42], toxicity on human and animals [43], phytoxicity [44]. In addition, dibenzo-𝛼-pyrones 

are key intermediates in the synthesis of cannabinoids [45], and other pharmaceutically 

interesting compounds such as progesterone, androgen, glucocorticoid receptor agonists 

[46,47], endothelial proliferation inhibitors [48], and antidyslipidemic and [49]. Since 

compound 1 was isolated as a racemic mixture, while compound 2 is a diacetylated derivative 

of the mycotoxin alternariol known for its mutagenic properties, no further beneficial effects 

could be expected with them. However, the isolation of these compounds further expands the 

understanding of the metabolic diversity of Diaporthe. 

Experimental 

General experimental procedures 

Column chromatography (60.4 cm length×5.5 cm inner diameter) was carried out on 

silica gel 230–400 mesh (Merck). Analytical TLC was performed on Merck pre-coated silica 

gel 60 F254 plates, and spots were detected using ceric sulphate spray reagent and/or diluted 

sulfuric acid before heating. LC-MS chromatograms were recorded with an UltiMate 3000 

Series uHPLC (Thermo Fischer Scientific) using a C18 Acquity UPLC BEH column (2.1×50 

mm, 1.7 µm) connected to an amazon speed ESI-Iontrap-MS (Bruker). 

Semi-preparative and/or preparative HPLC systems on normal and reverse phases (RP) 

were used for the purification of compounds. RP flash and p-HPLC systems (PLC 2050, Gilson, 

Wisconsin-USA; and Flash and prep HPLC, C-850, Büchi) were equipped with appropriate 

columns viz., VP Nucleodur C18 HTec (10 µm, 250×40 mm, Macherey-Nagel, Germany), 

Gemini C18 (10 µm, 250×50 mm, Phenomenex) and Nucleosil 120 OH Diol (7 µm, 250×21 

mm, Machery-Nagel, Düren, Germany) columns maintained at room temperature. Normal 

phase p-HPLC equipped with DAD detector (Agilent 1100 Series, Santa Clara, USA) was 

connected to Nucleosil 120 OH Diol column. 

Deionized water used for RP p-HPLC was obtained from a Milli-Q water purification 

system (Millipore, Schwalbach, Germany) and all organic solvents and reagents of analytical 
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grade. Evaporating of solvents from fractions was performed using rotary evaporators equipped 

with a vacuum controller and diaphragm pump vacuum (Hei-VAP Expert, Germany). 

HR-ESI-MS spectra were recorded with an Agilent 1200 Infinity Series HPLC-UV 

system (Agilent Technologies; column 2.1×50 mm, 1.7 µm, C18 Acquity UPLC BEH (waters), 

solvent A: H2O +0.1% formic acid; solvent B: ACN + 0.1% formic acid, gradient: 5% B for 0.5 

min increasing to 100% B in 19.5 min and then maintaining 100% B for 5 min, flow rate 0.6 

mL/min, UV/Vis detection 200–640 nm) connected to a MaXis ESI-TOF mass spectrometer 

(Bruker) (scan range 100–2500 m/z, capillary voltage 4500 V, dry temperature 200 °C). 

NMR spectra were recorded at 25 °C on a Bruker (Billerica, MA/USA) 500 MHz 

Avance III spectrometer with a BBFO (plus) Smart Probe (1H-NMR: 500 MHz and 13C-NMR: 

125 MHz). Chemical shifts (𝛿) were reported in ppm using tetramethylsilane (TMS) (Sigma-

Aldrich) as an internal standard, while coupling constants (J) were measured in Hertz (Hz). 

Optical rotations were measured in methanol by using an Anton Paar MCP-150 

polarimeter (Seelze, Germany) at 20 °C. 

Isolation and identification of the endophytic fungus 

The fresh root of Trema guineesis was collected in January 2019 in Kala Mountain (near 

Yaoundé), in the Centre region of Cameroon. It was identified at the National Herbarium of 

Cameroon, Yaoundé, where a voucher specimen was deposited under the number 42166/HNC. 

The isolation of fungi from the plant material was carried out following the previously described 

methodology [6]. The fungus was identified as Diaporthe sp. based on a BLAST search 

(https://blast.ncbi.nlm.nih.gov/Blast.cgi) of the ITS sequence (GenBank number OP850363). 

The strain was deposited in the fungarium of the Helmholtz Centre for Infection Research (HZI, 

Braunschweig, Germany) under the reference number STMA 18289. 

Fermentation, extraction and isolation 

Well-grown agar plate cultures of the Diaporthe sp. were used to inoculate 45 

Erlenmeyer flasks of 500 mL, each containing 80 g of rice and 100 mL distilled water and 

incubated at 25 °C. After 28 days, the cultures were harvested. The fungal mycelia were further 

extracted with acetyl acetate and the solution was concentrated under reduced pressure to yield 

12.2 g of crude extract. 12 g of this extract was subjected to a silica gel (230–400 mesh) column 

chromatography using a stepwise gradient of CH2Cl2/MeOH (ranging from 0 to 100% of 

MeOH, v/v), to afford a total of 8 main series (A–H) obtained on the basis of TLC analyses. 

However, series A (2.5 g) obtained with pure CH2Cl2 and series H (2.3 g) eluted with 

CH2Cl2/MeOH (85:15, v/v) were found to be complex mixtures and were not further 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
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investigated. The guided LC-MS purifications of other series (B–G) were achieved by using 

semi-preparative and preparative HPLC systems on normal and reverse phases. 

Series B (462 mg) obtained with CH2Cl2/MeOH (97.5:2.5, v/v) was subjected to a flash 

chromatography system (PLC 2020, Gilson) equipped with a VP Nucleodur C18 HTec column 

(10 µm, 250×40 mm). The chromatographic separation was performed by using a constant flow 

rate of 10 mL/min with the mobile phases made with solvent A: Deionized water (H2O) + 0.1% 

formic acid (FA) and solvent B: acetonitrile (ACN) + 0.1% formic acid. The binary gradient 

was: linear of 5% B for 5 min, automatic stepwise gradient from 5 to 100% B for 5–105 min, 

followed by 100% B for 10 min wash and finally by 80% ACN + 20% H2O for 10 min re-

equilibration time. Peaks were detected by diode array detector in the range of 210–600 nm and 

were automatically collected into glass tubes. Out of the hundred and twenty-seven tubes, 

twenty (20) tubes resulting from UV peaks were selected including peaks of compounds 2 (1.18 

mg; tR: 52 min), and 12 (2.93 mg, white neat solid, tR: 85 min). The LC-MS analysis of other 

fractions suggested the presence of very low amount of compounds and these fractions were 

not further investigated. 

Series C (1.2 g) eluted with CH2Cl2/MeOH (97.5:2.5, v/v) was divided into three 

portions of 400 mg each. Every portion was purified on a flash liquid chromatography (Flash 

and prep HPLC, C-850, UV/ELSD detector, UV-Vis/UV scanning) equipped with a Gemini 

C18 (10 µm, 250×50 mm). Equivalent fractions from the three repeated runs were combined to 

give compounds 6 (1.19 mg, white solid, tR: 4.86 min), 8 (286 mg, white crystal, tR: 8.31 min), 

13 (1.42 mg, white crystal, tR: 9.42 min). 

Series D (682 mg) eluted from a silica gel column chromatography with CH2Cl2/MeOH 

(95:5, v/v) was divided into two portions of 341 mg each. After dissolving every portion, 

injections were also achieved on a prep HPLC system. Equivalent fractions from the three 

repeated runs were combined to give three sub-fractions (D1–D3). All these sub-fractions D1 

(12 mg), D1 (8 mg) and D3 (15.8 mg) were further separately purified over normal phase 

preparative HPLC with a DAD detector with a Nucleosil 120 OH Diol column (7 µm, 250×21 

mm) used as the stationary phase and the solvent mixture CH2CH2/MeOH (92:8, v/v) as the 

mobile phase. The elution was performed for 25 min each with a flow rate of 2 mL/min, an 

automatic pressure in the range of 1-10 bar and the UV absorptions were set at 210, 254 and 

366 nm to yield compounds 15 (3.2 mg, yellow oil, tR: 8 min), 9 (1.3 mg, yellow oil, tR: 14 

min), 3 (2.76 mg, white neat solid, tR: 16 min), and 1 (0.79 mg, yellow oil, tR: 22 min), 

respectively. 
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Series E (294 mg) was further purified to yield compounds 5 (0.95 mg, white amorphous 

powder, tR: 35.20 min), 17 (6.1 mg, white amorphous powder, tR: 11.21 min), and 7 (1.45 mg, 

yellow neat solid, tR: 15.00 min), 4 (2.45 mg, white amorphous powder, tR: 22.00 min), 

respectively. Successive purifications of series F (898 mg) over normal (CH2CH2/MeOH 92:8, 

Nucleosil 120 OH Diol column) and reverse phase preparative HLPC (Gilson, PLC 2020, 

solvents A/B in 0.1% FA: H2O/ACN) gave compound 16 (1.31 mg, yellow neat solid, tR: 30.22 

min). Series G (578 mg) obtained with CH2Cl2/MeOH (88:12, v/v) was also purified to give 

compounds 14 (5.93 mg, white oil, tR: 35.20 min), 11 (8.33 mg, white oil, tR: 38.17 min), 10 

(1.60 mg, yellow oil, tR: 45.12 min), and 15 (1.23 mg, white oil). 

Diapobenzofuranone (1): yellow oil, [𝛼]25
D 0 ° (c 0.27, MeOH); UV (MeOH): λmax 

(PDA): 218, 290, 342 nm; 1H NMR (500 MHz, CD3OD) and 13C NMR (125 MHz, DMSO-d6) 

are shown in Table 1; (+)-HR-ESI-MS [M+H]+ m/z 223.0961 (calcd. for C12H15O4, 223.0965). 

3,9-Diacetylalternariol (2): white amorphous powder, UV (MeOH): λmax (PDA): 222, 

258, 330 nm; 1H NMR (500 MHz, DMSO-d6) and 13C NMR (125 MHz, DMSO-d6) are shown 

in Table 1; (+)-HR-ESI-MS [M+H]+ m/z 343.0809 (calcd. for C18H15O7, 343.0812). 

Conclusion 

The study of the new fungal strain, Diaporthe sp. isolated from a Cameroonian 

medicinal plant, Trema guineesis led to the isolation of seventeen secondary metabolites, 

including two previously undescribed polyketides, namely diapobenzofuranone (1) and 3,9-

diacetylalternariol (2). This study has contributed further to our knowledge of the metabolic 

diversity within Diaporthe and its meanwhile invalid synonymic anamorphic state Phomposis. 

Further studies are ongoing to verify whether the strain represents a new taxon, but given the 

complicated taxonomy of these fungi, this will afford substantial work on its molecular 

phylogeny. Likewise, the other, known co-metabolites like the cytochalasins that were 

concurrently obtained are presently being studied in-depth by methods of cell biology. 

However, these activities are beyond the scope of the current study. 

Author Contributions: Conceptualization, S.F.K. and M.S.; methodology, B.Y.G.M., 

E.G.M.A. and Y.M.-F.; validation, S.F.K. and M.S.; collection of the plant material and 

isolation of fungi, B.Y.G.M., E.G.M.A. and Y.M.-F.; formal analysis, B.M.K., and F.S.; 

investigation, B.Y.G.M., E.G.M.A. and Y.M.-F.; writing—original draft preparation, 

B.Y.G.M., E.G.M.A., S.F.K. and M.S.; writing—review and editing, S.F.K., and M.S.; 

supervision, S.F.K. and M.S.; project administration, F.S., S.F.K. and M.S.; funding 



 

10 

acquisition, S.F.K. and M.S. All authors have read and agreed to the published version of the 

manuscript. 

Funding: This research was funded by The World Academy for Science (TWAS) (grant 18-

178 RG/CHE/AF/AC_G-FR 3240303654) and the Alexander von Humboldt Foundation (AvH) 

for the equipment subsidies (Ref 3.4-8151/20 002), the Research Group Linkage (grant IP-

CMR-1121341), the AvH Research Hub project CECANAPROF (3.4-CMR-Hub) and the 

International Foundation for Science (grant I1-F-6554-1). 

Acknowledgements: We thank C. Kakoschke for the measurement of NMR spectra and E. 

Surges for recording HPLC-MS data. 

Data Availability Statement: Data will be made available on request. 

Conflict of Interest: The authors declare no conflict of interest. 

 

References 

[1] Rodriguez, R.J.; White, J.F.J.; Arnold, A.E.; Redman, R.S. Fungal endophytes: diversity 

and functional roles. New Phytol. 2009, 182, 314–330. https://doi.org/10.1111/j.1469-

8137.2009.02773.x. 

[2] Gunatilaka, A.A.L. Natural products from plant-associated microorganisms: distribution, 

structural diversity, bioactivity, and implications of their occurrence. J. Nat. Prod. 2006, 

69, 509–526. https://doi.org/10.1021/np058128n. 

[3] Mapook, A.; Hyde, K.; Hassan, K.; Kemkuignou, B.M.; Čmoková, A.; Surup, F.; 

Kuhnert, E.; Paomephan, P.; Cheng, T.; de Hoog, S. et al. Ten decadal advances in fungal 

biology leading towards human well-being. Fungal Divers. 2022, 116, 547–614. 

https://doi.org/10.1007/s13225-022-00510-3. 

[4] Bills, F.G.; Gloer B.J. Biologically active secondary metabolites from the fungi. 

Microbiol Spectr. 2016, 4, 6. https://doi.org/10.1128/microbiolspec.FUNK-0009-2016. 

[5] Kemkuignou, M.B; Schweizer, L.; Lambert, C.; Anoumedem, M.E.G.; Kouam, F.S.; 

Stadler M.; Marin-Felix, Y. New polyketides from the liquid culture of Diaporthe 

breyniae sp. nov. (Diaporthales, Diaporthaceae). MycoKeys 2022, 90, 85–118. 

https://doi.org/10.3897/mycokeys.90.82871. 

[6] Anoumedem, M.E.G.; Mountessou, B.Y.G.; Kouam, F.S.; Narmani, A.; Surup, F. 

Simplicilones A and B isolated from the endophytic fungus Simplicillium subtropicum 

SPC3, Antibiotics 2020, 9, 753. https://doi.org/10.3390/antibiotics9110753. 

https://doi.org/10.1111/j.1469-8137.2009.02773.x
https://doi.org/10.1111/j.1469-8137.2009.02773.x
https://doi.org/10.1021/np058128n
https://doi.org/10.1007/s13225-022-00510-3
https://doi.org/10.1128/microbiolspec.FUNK-0009-2016
https://doi.org/10.3897/mycokeys.90.82871
https://doi.org/10.3390/antibiotics9110753


 

11 

[7] Chepkirui, C.; Stadler, M. The genus Diaporthe: a rich source of diverse and bioactive 

metabolites. Mycol. Prog. 2017, 16, 477–494. https://doi.org/10.1007/s11557-017-1288-

y. 

[8] Xu, T.C.; Lu, Y.H.; Wang, J.F.; Song, Z.Q.; Hou, Y.G.; Liu, S.S.; Liu, C.S.; Wu, S.H. 

Bioactive secondary metabolites of the genus Diaporthe and anamorph Phomopsis from 

terrestrial and marine habitats and endophytes: 2010–2019. Microorganisms 2021, 9, 1–

49. https://doi.org/10.3390/microorganisms9020217. 

[9] Jouda, J.B.; Tamokou, J.d.D.; Mbazoa, C.D.; Douala-Meli, C.; Sarkar, P.; Bag, P.K.; 

Wandji, J. Antibacterial and cytotoxic cytochalasins from the endophytic fungus 

Phomopsis sp. harbored in Garcinia kola (Heckel) nut. BMC Complement. Altern. Med. 

2016, 16, 1–9. https://doi.org/10.1186/s12906-016-1454-9. 

[10] Wang, Y.; Zhao, S.; Guo, T.; Li, L.; Li, T.; Wang, A.; Zhang, D.; Wang, Y.; Sun, Y. 

Bioactive PKS–NRPS Alkaloids from the Plant-Derived Endophytic Fungus Xylaria 

arbuscula. Molecules 2022, 27, 136. https://doi.org/10.3390/molecules27010136. 

[11] Ouattara, L.; N’gou, M’.E.R.E; Bagré, I.; Sika, A.E.; Ouattara, K. Phytochemical analysis 

and antifungal activity of aqueous leaf extract of Trema guineensis (Ulmaceae), a plant 

from the Ivorian pharmacopoeia. J. Adv. Microbiol. 2020, 20, 14–20. 

https://doi.org/10.9734/jamb/2020/v20i830271. 

[12] Koch, K.; Podlech, J.; Pfeiffer, E.; Metzler, M. Total synthesis of alternariol. J. Org. 

Chem. 2005, 70, 3275–3276. https://doi.org/10.1021/jo050075r. 

[13] Raistrick, H.; Stickings, C.E.; Thomas, R. Studies in the biochemistry of micro-

organisms. 90. Alternariol and alternariol monomethyl ether, metabolic products of 

Alternaria tenuis. Biochem. J. 1953, 55, 421–433. https://doi.org/10.1042/bj0550421. 

[14] Pfeiffer, E.; Schebb, N.H.; Podlech, J.; Metzler, M. Novel Oxidative in vitro metabolites 

of the mycotoxins alternariol and alternariol methyl ether. Mol. Nutr. Food Res. 2007, 51, 

307–316. https://doi.org/10.1002/mnfr.200600237. 

[15] Tanahashi, T.; Takenaka, Y.; Nagakura, N.; Hamada, N. 6H-Dibenzo[b,d]pyran-6-one 

derivatives from the cultured lichen mycobionts of Graphis spp. and their biosynthetic 

origin. Phytochemistry 2003, 62, 71–75. https://doi.org/10.1016/S0031-9422(02)00402-

8. 

[16] Tanahashi, T.; Kuroishi, M.; Kuwahara, A.; Nagakura, N.; Hamada, N. Four phenolics 

from the cultured lichen mycobiont of Graphis scripta var. pulverulenta. Chem. Pharm. 

Bull. 1997, 45, 1183–1185. https://doi.org/10.1002/CHIN.199751259. 

https://doi.org/10.1007/s11557-017-1288-y
https://doi.org/10.1007/s11557-017-1288-y
https://doi.org/10.3390/microorganisms9020217
https://doi.org/10.1186/s12906-016-1454-9
https://doi.org/10.3390/molecules27010136
https://doi.org/10.9734/jamb/2020/v20i830271
https://doi.org/10.1021/jo050075r
https://doi.org/10.1042/bj0550421
https://doi.org/10.1002/mnfr.200600237
https://doi.org/10.1016/S0031-9422(02)00402-8
https://doi.org/10.1016/S0031-9422(02)00402-8
https://doi.org/10.1002/CHIN.199751259


 

12 

[17] Kashiwada, Y.; Nonaka, G-I.; Nishioka I. Studies on Rhubarb (Rhei Rhizoma). V. 

Isolation and characterization of chromone and chromanone derivatives. Chem. Pharm 

Bull. 1984, 32, 3493–3500. https://doi.org/10.1248/CPB.32.3493. 

[18] Wang, Q.X.; Bao, L.; Yang, X.L.; Guo, H.; Yang, R.N.; Ren, B.; Zhang, L.X.; Dai, H.Q.; 

Guo, L.D.; Liu, H.W. Polyketides with antimicrobial from the solid culture of an 

endophytic fungus Ulocladium sp. Fitoterapia 2012, 83, 209–214. 

https://doi.org/10.1016/j.fitote.2011.10.013. 

[19] Beno, M.A.; Cox, R.H.; Wells, J.M.; Cole, R.J.; Kirksey, J.W.; Christoph, G.G.J. 

Structure of a new [11] cytochalasin, cytochalasin H or kodo-cytochalasin-1. J. Am. 

Chem. Soc. 1977, 99, 4123. https://doi.org/10.1021/ja00454a035. 

[20] Cole, R.J.; Wilson, D.M.; Harper, J.L.; Cox, R. H.; Cochran, T.W.; Cutler, H.G.; Bell, 

D.K. Isolation and identification of two new [11]cytochalasins from Phomopsis sojae. J. 

Agric. Food Chem. 1982, 30, 301–304. https://doi.org/10.1021/jf00110a021. 

[21] Huang, X.; Zhou, D.; Liang, Y.; Liu, X.; Cao, F.; Qin, Y.; Mo, T.; Xu, Z.; Li, J., Yang, R. 

Cytochalasins from endophytic Diaporthe sp. GDG-118. Nat. Prod. Res. 2019, 35, 3396–

3403. https://doi.org/10.1080/14786419.2019.1700504. 

[22] Shang, Z.; Raju, R.; Salim, A.A.; Khalil, Z.G.; Robert J.; Capon, R.J. Cytochalasins from 

an Australian marine sediment-derived Phomopsis sp. (CMB-M0042F): acid-mediated 

intramolecular cycloadditions enhance chemical diversity. J. Org. Chem. 2017, 82, 9704–

9709. https://doi.org/10.1021/acs.joc.7b01793. 

[23] Izawa, Y.; Hirose, T.; Shimizu, T.; Koyama, K.; Natori, S. Six new 10-phenyl [11] 

cytochalasans, cytochalasins N-S from Phomopsis sp. Tetrahedron 1989, 45, 2323–2335. 

https://doi.org/10.1016/S0040-4020%2801%2983434-7. 

[24] Kakeya, H.; Morishita, M.; Onozawa, C.; Usami, R.; Horikoshi, K.; Kimura, K.; 

Yoshihama, M.; Osada H. RKS-1778, a new mammalian cell-cycle inhibitor and a key 

intermediate of the [11] cytochalasin group. J. Nat. Prod. 1997, 60, 669–672. 

https://doi.org/10.1021/np970151o. 

[25] Xu, J.; Kjer, J.; Sendker, J.; Wray, V.; Guan, H.; Edrada, R.; Müller, V.E.G.; Brayer, M.; 

Lin, W.; Wu, J.; Proksch, P. Cytosporones, coumarins, and an alkaloid from the 

endophytic fungus Pestalotiopsis sp. isolated from the Chinese mangrove plant 

Rhizophora mucronata. Bioorg. Med. Chem. 2009, 17, 7362–7367. 

https://doi.org/10.1016/j.bmc.2009.08.031. 

https://doi.org/10.1248/CPB.32.3493
https://doi.org/10.1016/j.fitote.2011.10.013
https://doi.org/10.1021/ja00454a035
https://doi.org/10.1021/jf00110a021
https://doi.org/10.1080/14786419.2019.1700504
https://doi.org/10.1021/acs.joc.7b01793
https://doi.org/10.1016/S0040-4020%2801%2983434-7
https://doi.org/10.1021/np970151o
https://doi.org/10.1016/j.bmc.2009.08.031


 

13 

[26] Brady, S.F.; Wagenaar, M.M.; Singh, M.P.; Janso, J.E.; Clardy, J. The cytosporones, new 

octaketide antibiotics isolated from an endophytic fungus. Org. Lett. 2000, 2, 4043–4046. 

https://doi.org/10.1021/ol006680s. 

[27] Huang, J.; Xu, J.; Wang, Z.; Khan, D.; Niaz, S.I.; Zhu, Y.; Lin, Y.; Li, J.; Liu, L. New 

lasiodiplodins from mangrove endophytic fungus Lasiodiplodia sp. 318. Nat. Prod. Res. 

2017, 31, 326–332. https://doi.org/10.1080/14786419.2016.1239096. 

[28] Sonoda, T.; Osada, T.; Uzawa, J.; Isono, K. Actiketal, a new member of the glutarimide 

antibiotics. J. Antibiot. 1991, 44, 160–163. https://doi.org/10.7164/antibiotics.44.160. 

[29] Mao, Z.; Sun, W.; Fu, L.; Luo, H.; Lai, D.; Zhou, L. Natural dibenzo-α-pyrones and their 

bioactivities, Molecules 2014, 19, 5088–5108. 

https://doi.org/10.3390/molecules19045088. 

[30] Pu, H.; Liu, J.; Wang, Y.; Peng, Y.; Zheng, W.; Tang, Y.; Hui, B.; Nie, C.; Huang, X.; 

Duan, Y.; Huang, Y. Bioactive 𝛼-pyrone derivatives from the endophytic fungus 

diaporthe sp. CB10100 as inducible nitric oxide synthase inhibitors, Front. Chem. 2021, 

9, 679592. https://doi.org/10.3389/fchem.2021.679592. 

[31] Lou, J.; Fu, L.; Peng, Y.; Zhou, L. Metabolites from Alternaria fungi and their 

bioactivities. Molecules 2013, 18, 5891–5935. 

https://doi.org/10.3390%2Fmolecules18055891. 

[32] Liang, D.; Luo, H.; Liu, Y.-F.; Hao, Z.-Y.; Wang, Y.; Zhang, C.-L.; Zhang, Q.-J.; Chen, 

R.-Y.; Yu, D.-Q. Lysilactones A-C, three 6H-dibenzo[b,d]pyran-6-one glycosides from 

Lysimachia clethroides, total synthesis of lysilactone A. Tetrahedron 2013, 69, 2093–

2097. https://doi.org/10.1016/j.tet.2013.01.029. 

[33] Shirataki, Y.; Toda, S. Antioxidative effects of dibenzo-𝛼-pyrones in fruits of Trapa 

natans on lipid peroxidation. Nat. Med. 2001, 55, 247–250. 

https://dl.ndl.go.jp/pid/10759819/1/1. 

[34] Bialonska, D.; Kasimsetty, S.G.; Khan, S.I.; Ferreira, D. Urolithins, intestinal microbial 

metabolites of pomegranate ellagitannins, exhibit potent antioxidant activity in a cell-

based assay. J. Agric. Food Chem. 2009, 57, 10181–10186. 

https://doi.org/10.1021/jf9025794. 

[35] Gonzalez-Barrio, R.; Truchado, P.; Ito, H.; Espin, J.C.; Tomas-Barberan, F.A. UV and 

MS identification of urolithins and nasutins, and bioavailable metabolites of ellagic acid 

in different mammals. J. Agric. Food Chem. 2011, 59, 1152–1162. 

https://doi.org/10.1021/jf103894m. 

https://doi.org/10.1021/ol006680s
https://pubmed.ncbi.nlm.nih.gov/?term=Huang+J&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Xu+J&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Wang+Z&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Khan+D&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Niaz+SI&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Zhu+Y&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Lin+Y&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Li+J&cauthor_id=27696893
https://pubmed.ncbi.nlm.nih.gov/?term=Liu+L&cauthor_id=27696893
https://doi.org/10.1080/14786419.2016.1239096
https://doi.org/10.7164/antibiotics.44.160
https://doi.org/10.3390/molecules19045088
https://doi.org/10.3389/fchem.2021.679592
https://doi.org/10.3390%2Fmolecules18055891
https://doi.org/10.1016/j.tet.2013.01.029
https://dl.ndl.go.jp/pid/10759819/1/1
https://doi.org/10.1021/jf9025794
https://doi.org/10.1021/jf103894m


 

14 

[36] Jeong, S.-J.; Kim, N.-Y.; Kim, D.-H.; Kang, T.-H.; Ahn, N.-H.; Miyamoto, T.; Higuchi, 

R.; Kim, Y.-C. Hyaluronidase inhibitory active 6H-dibenzo[b,d]pyran-6-ones from the 

feces of Trogopterus xanthipes. Planta Med. 2000, 66, 76–77. https://doi.org/10.1055/s-

0029-1243114. 

[37] Meng, X.; Mao, Z.; Lou, J.; Xu, L.; Zhong, L.; Peng, Y.; Zhou, L.; Wang, M. 

Benzopyranones from the endophytic fungus Hyalodendriella sp. Ponipodef12 and their 

bioactivities. Molecules 2012, 17, 11303–11314. 

https://doi.org/10.3390/molecules171011303. 

[38] Hormazabal, E.; Schmeda-Hirschmann, G.; Astudillo, L.; Rodriguez, J.; Theoduloz, C. 

Metabolites from Microsphaeropsis olicacea, an endophytic fungus of Pilgerodendron 

ufiferum. Z. Naturforsch. C 2005, 60, 11–21. https://doi.org/10.1515/znc-2005-1-203. 

[39] Aly, A.H.; Edrada-Ebel, R.; Indriani, I.D.; Wray, V.; Muller, W.E.G.; Totzke, F.; 

Zirrgiebel, U.; Schachtele, C.; Kubbutat, M.H.G.; Lin, W.H.; et al. Cytotoxic metabolites 

from the fungal endophyte Alternaria sp. and their subsequent detection in its host plant 

Polygonum senegalense. J. Nat. Prod. 2008, 71, 972–980. 

https://doi.org/10.1021/np070447m. 

[40] Tan, N.; Tao, Y.; Pan, J.; Wang, S.; Xu, F.; She, Z.; Lin, Y.; Jones, E.B.G. Isolation, 

structure elucidation, and mutagenicity of four alternariol derivatives produced by the 

mangrove endophytic fungus no. 2240. Chem. Nat. Compd 2008, 44, 296–300. 

https://doi.org/10.1007/s10600-008-9046-7. 

[41] Brugger, E.-M.; Wagner, J.; Schumacher, D.M., Koch, K.; Podlech, J.; Metzler, M.; 

Lehmann, L. Mutagenicity of the mycotoxin alternariol in cultured mammalian cells. 

Toxicol. Lett. 2006, 164, 221–230. https://doi.org/10.1016/j.toxlet.2006.01.001. 

[42] Schrader, T.J.; Cherry, W.; Soper, K.; Langlois, I. Further examination of the effects of 

nitrosylation on Alternaria alternata mycotoxin mutagenicity in vitro. MRGTEM 2006, 

606, 61–71. https://doi.org/10.1016/j.mrgentox.2006.02.008. 

[43] Moreno, M.Á.P.; Alonso, I.G.; Martin de Santos, R.; Lacarra, T.G. The importance of 

genus Alternaria in mycotoxins production and human diseases. Nutr. Hosp. 2012, 27, 

1772–1781. https://doi.org/10.3305/nh.2012.27.6.6017. 

[44] Watanabe, I.; Kakishima, M.; Adachi, Y.; Nakajima, H. Potential mycotoxin productivity 

of Alternaria alternata isolated from garden trees. Mycotoxins 2007, 57, 3–9. 

http://dx.doi.org/10.2520/myco.57.3. 

https://doi.org/10.1055/s-0029-1243114
https://doi.org/10.1055/s-0029-1243114
https://doi.org/10.3390/molecules171011303
https://doi.org/10.1515/znc-2005-1-203
https://doi.org/10.1021/np070447m
https://doi.org/10.1007/s10600-008-9046-7
https://doi.org/10.1016/j.toxlet.2006.01.001
https://doi.org/10.1016/j.mrgentox.2006.02.008
https://doi.org/10.3305/nh.2012.27.6.6017
http://dx.doi.org/10.2520/myco.57.3


 

15 

[45] Teske, J.; Deiters, A. A cyclotrimerization route to cannabinois. Org. Lett. 2008, 10, 

2195–2198. https://doi.org/10.1021/ol800589e. 

[46] Coghlan, M.J.; Kym, P.; Elmore, S.W.; Wang, A.X.; Luly, J.R.; Wilcox, D.; Stashko, M.; 

Lin, C.-W.; Miner, J.; Tyree, C.; et al. Synthesis and characterization of non-steroidal 

ligands for the glucocorticoid receptor: Selective quinoline derivatives with prednisolone-

equivalent functional activity. J. Med. Chem. 2001, 44, 2879–2885. 

https://doi.org/10.1021/jm010228c. 

[47] Edwards, J.P.; West, S.J.; Marschke, K.B.; Mais, D.E.; Gottardis, M.M.; Jones, T.K. 5-

Aryl-1,2-dihydro-5H-chromeno[3,4-f]quinolines as potent, orally active, nonsteroidal 

progesterone receptor agonists: the effect of D-ring substituents. J. Med. Chem. 1998, 41, 

303–310. https://doi.org/10.1021/jm9705770. 

[48] Schmidt, J.M.; Tremblay, G.B.; Page, M.; Mercure, J.; Feher, M.; Dunn-Dufault, R.; 

Peter, M.G.; Redden, P.R. Synthesis and evaluation of a novel nonsteroidal-specific 

endothelial cell proliferation inhibitor. J. Med. Chem. 2003, 46, 1289–1292. 

https://doi.org/10.1021/jm034007d. 

[49] Sashidhara, K.V.; Kumar, A.; Kumar, M.; Sonkar, R.; Bhatia, G.; Khanna, A.K. Novel 

coumarin derivatives as potential antidyslipidemic agents. Bioorg. Med. Chem. Lett. 2010, 

20, 4248–4251. https://doi.org/10.1016/j.bmcl.2010.05.023. 

https://doi.org/10.1021/ol800589e
https://doi.org/10.1021/jm010228c
https://doi.org/10.1021/jm9705770
https://doi.org/10.1021/jm034007d
https://doi.org/10.1016/j.bmcl.2010.05.023

	Cover
	Manuscript

