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ABSTRACT 

The present work is part of a program aimed at searching for bioactive from Chilean fungi. In this opportunity, we report the study on Chilean endophytic fungi, 

identified as Pezicula cinnamomea (strain Na-78) isolated from Nothofagus alpina, collected in the Ñuble Region-Chile. Mycelial submerged fermentations of P. 

cinnamomea-78 were performed. Two types of extracts were obtained, EtOAc-extract (liquid phase) and MeOH-extract (mycelial phase). Plate diffusion assay showed 

that EtOAc-extract was more active than MeOH-extract. A large-scale fermentation of P. cinnamomea-78 and chromatographic and spectroscopic methods allowed 

to isolate and identify, from EtOAc-extract, a bioactive compound named Mycorrhizin A. This compound showed antibacterial activity against B. cereus, S. aureus 

and S. aureus MRSA. Also, Mycorrhizin A was active toward filamentous fungi, such as A. niger, B. cinerea and F. oxysporum. Assays showed that Mycorrhizin A 

exhibited a bactericidal effect against B. subtilis and S. aureus at 10 µg/mL and bacteriostatic activity at 25 µg/mL. Also, Mycorrhizin A showed a 

fungistatic/fungicidal effect toward A. niger and B. cinerea at 25-100 µg/mL, respectively. The study established that Mycorrhizin A was bacteriostatic against S. 

aureus MRSA and fungistatic against F. oxysporum at 200 µg/mL. This study constitute the first report of P. cinnamomea for the genus Nothofagus. Our research 

has revealed a new antibacterial activity of mycorrhizal A and has broadened the spectrum of antifungal activity. 

Keywords: antimicrobial activity, Chilean endophyte fungi, Mycorrhizin A, Nothofagus alpina, Pezicula cinnamomea, submerged fermentation. 

1. INTRODUCTION 

The search for new active natural products is a continuous and laborious task, 

and new sources are investigated. New sources of biologically active compounds 

have become a key area for numerous research centers and the pharmaceutical 

and agrochemical industries, with renewed interest in groups of organisms that 

were previously overlooked. These organisms include some groups of bacteria, 

algae, marine organisms, and fungi [1]. Fungi are important resources for 

discovery of natural products. The search for bioactive secondary metabolites 

from filamentous fungi has been a constant source of chemical innovation in 

programs searching for natural products, especially over the last 20 years [2]. 

Fungi provide a wide variety of structurally unique, bioactive natural products . 

These plentiful natural products represent a huge reservoir which offers an 

enormous potential for exploitation for medicinal, agricultural and industrial uses 

[3-6]. Among the fungi, the so-called endophytic fungi (EF) or mycoendophytes 

are of particular interest. By definition, an EF is an endosymbiont that lives in 

mycelial form within a plant for at least part of its life cycle without causing 

apparent disease [7-10]. 

Currently, research on EF is focused on better understanding its ecology and 

evolution, and the impact on ecosystems, as well as the inexhaustible sources of 

biologically active natural compounds [11–13]. Scientific reports indicate that 

the EF contains a wide variety of unique, active and structurally diverse natural 

products. These products are of vital importance in drug discovery, with potential 

applications in agriculture, medicine, and the pharmaceutical industry. [14–16]. 

They produce a wide range of substances classified into different chemical 

categories, including steroids, alkaloids, phenols, xanthones, furandiones, 

isocoumarins, terpenoids, quinones, polyketides, proteins, lipids, glycosides and 

isoprenoids [17–19] 

In the previous research was found that submerged fermentations of Chilean 

fungi are producers of new and active molecules [20–23]. Continuing with our 

research program on biologically active fungal metabolites, we have discovered 

an unsuspected reservoir of potentially useful molecules produced by Chilean 

EF, and recently we have detected that extracts obtained from endophyte fungi 

isolated from a Chilean Nothofagus species showed a potent inhibitory 

antimicrobial capacities against some pathogenic bacteria and fungi [24]. 

In the present study, we report for the first time the isolation of an endophytic 

fungus from N. alpina, its cultivation in liquid fermentations, and the 

determination of the active compound responsible for the antibacterial and 

antifungal activity observed in the extracts. The results obtained in the present 

would allow us to affirm that the Chilean EF are a great source of interesting 

compounds and potentially useful in the search and discovery of new compounds 

biologically active  

2. MATERIALS AND METHODS. 

2.1 Sampling and Isolation of EF. 

Samples of N.alpina were obtained during summer 2023 in central Andean 

Mountains, Ñuble Region, Chile. Healthy and mature leaves and stems were 

recollected and placed in sealed, airless plastic bags and refrigerated at 4 °C until 

use. The samples were washed under tap water for 5 min to remove dust and 

debris and then were disinfected with 70% ethanol for 1 min, 5.3% sodium 

hypochlorite for 3 min, and 75% ethanol for 30 sec. Lastly, tissues were washed 

with sterile distilled water once more. Sterilized tissues were then cut into small 

fragments of leaves (5 × 5 mm) and stems (5 × 10 mm) placed on PDA medium, 

supplemented with penicillin and streptomycin (50-µg/mL). Plates were sealed 

with parafilm and incubated for 8-10 days at 22-24 °C. The fungi that grew out 

from the segments were isolated by transferring the hyphal tips to fresh PDA 

plates and incubated at 22-24 °C. This procedure was repeated several times until 

obtaining a pure culture [25]. A voucher specimen of each EF was encoded and 

deposited in the herbarium of the Laboratory of Applied Microbiology and 

Mycology, Department of Agroindustries, Faculty of Agricultural Engineering, 

University of Concepción.  

2.2 Chemicals and reagents 

All solvents used in the experiments were of the highest purity and purchased 

from Merck-Chile, Santiago de Chile. 

2.3 Identification of isolate Na-78 

The identification of EF was performed using morphological and molecular 

analyses. For the morphological analysis, macroscopic (appearance, texture, 

color) and microscopic characteristics (type of spore, shape, gametangia, hypha) 

were used. The molecular analysis was carried out using the internal transcribed 

spacer of nuclear ribosomal DNA (ITS1-5.8S-ITS4 rDNA) using the following 

universal primers, ITS1 (5-TCCGTAGGTGAA CCTGCGG-3) and ITS4 (5-

TCCTCCGCTTATTGATATGC-3). PCR amplification and DNA sequencing of 

PCR products were carried out following procedures described in our previous 

report [14].  
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Briefly, total DNA was extracted from the mycelium with a DNA extraction 

kit according to the manufacturer’s instructions. The thermocycler parameters 

were as follows: an initial cycle of 5 min at 94 °C; 35 cycles of 1 min at 94 °C, 

30 s at 55.5 °C and 1 min at 72 °C; and a final cycle of 10 min at 72 °C. The PCR 

products were analyzed for gel electrophoresis using a 1% agarose gel dissolved 

in Tris-Acetate-EDTA buffer (1×), stained with SYBR Safe DNA Gel stain and 

observed under UV light. DNA sequencing was performed according to standard 

protocols using the custom sequencing services of Austral-Omics, Valdivia, 

Chile. The DNA sequences were aligned with strain sequences downloaded from 

NCBI [26]. After manual correction, phylogenetic trees were constructed using 

the adjacency method with MEGA 5.2 software. 

2.4 Fermentation of isolate Na-78 

Fermentation was carried out in a 5-L glass bottle (DURAN®) containing 3.0 

L of YMG medium with stirring (120 rpm) and aeration (3 L/min) at 20 °C. To 

prevent foaming, silicone antifoam (Merck, Darmstadt, Germany) was added. 

The fermentor was inoculated with 30 mL of a well-grown culture in the same 

medium. Daily samples were withdrawn and assayed for pH, glucose content, 

biomass production and antimicrobial activity. The fermentation was stopped 

when the glucose was exhausted and the antifungal activity achieved its peak 

[27]. 

2.5 Obtaining crude extracts, isolation and identification of bioactive 

compounds 

The content of the fermentation was filtered to separate the mycelium from the 

broth. The broth culture was extracted with EtOAc (3 x 5 L) and dried mycelium 

with MeOH (3 x 250 ml). Later, EtOAc-extract was applied onto a 

chromatographic column with silica gel (Merck 60, 0.063∼0.2 mm; column 

3 × 30 cm) and eluted with a gradient of hexane-EtOAc mixtures up to 100% 

EtOAc to enhance polarity. The different fractions obtained were analyzed by 

analytical and preparative thin layer chromatography (TLC) and visualized under 

UV light (254 and 366 nm). Active substances were isolated by bioautography-

guided fractionation. The bioactive bands of the preparative TLC were separately 

scraped from the air-dried plate and eluted with MeOH [28]. 

The UHPLC-DAD-HRMS analysis was performed using a Waters (Milford, 

Massachusetts) Synapt XS32K mass spectrometer with a heated electrospray 

ionization (HESI–II) source. 1H and 13C NMR spectral data (CDCl3, d/ppm 

7.26/77.0 and CD3OD, d/ppm 3.31/49.00) were recorded on a Brunker Avance 

IIITM spectrometer at 400 MHz for 1H and 101 MHz for 13C (Ettlingen, Germany). 

Complete assignment of the carbons and protons was made possible by the 

combined analysis of COSY HMQC, HMBC experiments using standard Bruker 

pulse sequences. Fragmentation m/z data were recorded on Acquity QDa II mass 

spectrometer.  

2.6 Antimicrobial activity 

Antimicrobial activity was carried out in plate diffusion tests or in the serial 

dilution assay. Paper filter discs (Whatman No. 3; 6 mm diameter) were 

impregnated with total extracts, fractions and pure compounds including 10 

μg/mL of streptomycin or Rovral® 50% WP (Iprodione-Dicarboximides) as a 

positive controls, plus methanol (negative control) and then deposited on Petri 

dishes with 15 mL of the bacterial (106-108 CFU/mL) or fungal (104-106 

spore/mL) inoculum. The bacterial strains tested were Bacillus subtilis (ATCC 

6633), Escherichia coli (ATCC 259522), Salmonella entiritidis (LMM-352), S. 

aureus (ATCC 25923) and S. aureus-MRSA (ATCC 33591). The fungal strains 

used were Aspergillus niger (LMM-110), B. cinerea (LMM-097), Fusarium 

oxysporum (LMM-034), Penicillium expansum (LMM-012) and Rhizopus 

stolonifer (LMM-047). All extracts were tested duplicate [29]. 

Total extracts, fractions or pure compounds with considerable antimicrobial 

activity were considered potentially active and selected to determine their 

minimal inhibitory concentration (MIC). The MIC of fractions and compounds 

was determined for bacteria and fungi using 96-well microdilution plates, with 

concentrations ranging from 1 to 200 μg/mL. The MIC values were taken as the 

lowest concentrations of the compounds in the wells that did not allow visible 

bacterial/fungal growth after 24 h of incubation as evidenced by the turbidity of 

the cultures. The contents of the wells in which a MIC was observed were 

streaked, using a sterile wire loop, on a sterile agar plate and incubated for 24 h. 

The lowest concentration of the compounds that did not allow bacterial/fungal 

growth was assigned as the minimal bactericidal/fungicidal concentration 

(MBC(MFC). Simultaneously, aliquots of each wells were examined under 

microscope to observe the conditions of the bacteria and fungal spores [30]. 

3. RESULTS AND DISCUSSION 

3.1 Identification of EF (Na-78) 

Both macro- and microscopic analyses, and molecular biology techniques, 

were used to identify the Na-78 isolate as Pezicula cinammomea (Figure 1). 

 

Figure 1. Macro (A) and micromorphological (B) features of P. cinnamomea-

78, scale bars: = 50 µm. 

3.2. Large scale fermentation of P. cinammomea (Na-78) 

After 72 h of fermentation, the extracts obtained from the daily aliquots 

showed an increasing in the activity against S. aureus and B. cinerea reaching 

the peak at 192 h (inhibition halo = 22 mm). While the maltose had considerably 

decreased after 48 h, the content of glucose increased over the first 72 h and then 

decreased steadily. After 120 h, the production of mycelial biomass had a 

pronounced increase. Finally, the fermentation was terminated at 240 h.  

3.2. Extraction, isolation and identification of the bioactive compounds 

After 10 days, the culture was filtered to separate the broth from the mycelium. 

The broth culture and mycelium yielded EtOAc-extract and MeOH-extract, 

respectively. Evaporation of the EtOAc and MeOH extracts yielded 1.4 and 2,8 

g of total extract respectively. MeOH-extract presented a very weak 

antimicrobial activity that was not considered interesting and discarded. 

However, EtOAc-extract showed different intensities of biological activity 

against one or more of the tested microorganisms (Table 1) Therefore, this extract 

was applied onto a silica gel column yielding 35 fractions of 25 ml each (Figure 

2). TLC analysis of these fractions allowed to group them into five groups of 

extracts, Gr.1 (45.3 mg), Gr.2 (228.3 mg), Gr.3 (354.8 mg), Gr.4 (189.9 mg) and 

Gr.5 (258.6 mg). These 5 extracts were tested toward bacteria and fungi revealing 

that extract-Gr.3 was responsible for the antimicrobial activity observed.  

 

Figure 2. Diagram representing the isolation of Mycorrhizin A. 
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As illustrated in Figure 3, the extract-Gr.3 consist of eight compounds (spots) 

designated as compounds 1-8 of which only compound 3 demostrated the 

exhibited antimicrobial activity. (Figure 3). The pure compound 3 was purified 

through preparative TLC, yielding a total of 42.8 mg. The structure was 

elucidated by physical and spectroscopic methods (UV, IR, 1H- 13C NMR, DEPT, 

HPLC-MASS). 

 

Figure 3. TLC development in ChCl3: MeOH (9:1) of EtOAc extracts from P. 

cinnamomea-78 visualized under UV light at 365 (A) and 254 nm (B). In C 

bioautography assay of separated spots (compounds) of P. cinnamomea-78 on S. 

aureus. 

3.2.1. Structural Elucidation 

Compound 3 was isolated as a white amorphous solid. The molecular formula 

was determined to be C14H16ClO4 based on HR-TOFMS. The 1H NMR data 

showed three signals at 2.03 (s), 1.35 (s), and 1.25 (s) that integrate for three 

protons, which were assigned to H-3’, H-12, and H-11 respectively. The 13C 

NMR and DEPT-135 data showed the presence of fourteen carbon resonances 

attributed to seven quaternary, three methane, one methylene, and three carbons. 

Additionally, HMBC show correlations from H-11 to C-9, C-8, and C-12 and 

from H-12 to C-9, C-8, C-6, and C-11. The 13C NMR resonances of C-6 (δC 

101.22) and C-8 (δC 82.97) suggested that C-5 and C-11 were carbons linked 

through an ether bond. In the same way, H-3 shows a correlation to C-11, C-5, 

C-2, and C-1. H-2' shows a correlation to C-4. UV spectrum shows two bands of 

absorption at 231 and 304 nm, which are indicative of across-conjugate enone 

system. Based on spectroscopy data, compound 3 was identified as Mycorrhizin 

A (Figure 4). 

 

Figure 4. Structure of Mycorrhizin A. 

3.2.2. Spectral data of Mycorrhizin A. 

1H NMR(500MHz, CH3OHd4): δ 7.12 (s, 3-H), 7.01 (q, J=6.9 Hz, 2’-H), 2.24 

(m, 9-H), 2.03 (d, J=6.9 Hz, 3’-H3), 1.92 (m, 10-Ha),1.59 (ddd, J= 8.3,4.8,1.2 

Hz, 10-Hb) 1.35 (s, 11-H3), 1.25 (s, 12-H3). 13C NMR (125 MHz, CH3OH-d4): 

δ 192.25 (C, C-2), 192.48 (wC, C-5), 144.79 (C, C-4), 137.46 (CH, C-2’), 136.04 

(CH, C-3), 127.36 (C-C1’), 101.22 (C-C-6), 82.97 (C-C-8), 44.91 (CH, C-10), 

43.24 (C, C-1), 29.22 (CH3, C-11), 25.13 (CH3, C-12), 16.62 (CH3, C-3’), 15.0 

(CH2, C-9). HR-ESIMS: m/z: 283.0734 [M+ H]+(calculated for C14H16ClO4, 

283.0732), data are in good agreement with the literature. 

3.3. Antimicrobial activity 

The results obtained (Table 1) demonstrated that the EtOAc-extract exhibited 

higher antimicrobial activity in comparison to the MeOH-extract. EtOAc-extract 

demonstrated efficacy against all microorganisms tested, exhibiting variable 

levels of activity. This result would confirm the ability of fungi to release 

substances into the external environment rather than store them in the mycelium 

when they are cultivated in vitro, allowing us to extrapolate similar behavior 

under natural conditions. 

The EtOAc-extract demonstrated a stronger inhibitory effect on gram-positive 

bacteria (B. cereus, S. aureus, S. aureus MRSA) compared to gram-negative 

bacteria. Also, this extract was able to moderately inhibit the tested pathogenic 

fungi. 

Following the guided fractionation of the EtOAc-extract, it was observed that 

the antimicrobial activity was predominantly concentrated in Fraction 3 (Fr.3), 

indicating that the active compound(s) were present in this fraction. Finally, 

through preparative TLC, the active compound (Comp.3) was isolated and 

identified as Mycorrhizin A. None of the other compounds detected in Fr.3 

exhibited antimicrobial activity. 

Table 1. Antimicrobial activities of P. cinnamomea-78 

Sample Bs Ec Sa Sa* Se An Bc Fo Rs 

EtOAc-extract +++ + +++ ++ + ++ ++ ++ ++ 

MeOH-extract ++ - - + - - - - - 

Fr.1 - - - - - - - - - 

Fr.2 + - + - - + + + + 

Fr.3 +++ + +++ + + +++ +++ +++ + 

Fr.4 + - ++ - - + ++ ++ - 

Fr.5 - - - - - - - - - 

Mycorrhizin A +++ - +++ ++ - +++ ++ +++ + 

Streptomycin +++ +++ ++ + ++ - - - - 

Rovral® - - - - - +++ +++ +++ ++ 

The activities were classified according to the diameter of the inhibition halo, 

expressed in millimeters (mm): +++ (active) = 15 mm or more, ++ (moderate) = 

10-15 mm,+ (weak)= less than 10 mm or diffuse, -: no inhibition halo; Bs. B. 

subtilis; Ec: E. coli; Sa: S. aureus; Sa*: S. aureus MRSA; Se: S enteritidis; An: 

A. niger; Bc: B. cinerea; Fo: F. oxysporum; Rs: R. stolonifer; EtOAc-extract: 

ethylacetate extract; MeOH-extract: methanolic extract; Fr: fraction. 

As demonstrated in Table 2, the MIC values indicate that Mycorrhizin A 

exhibited a strong bacteriostatic and fungistatic (MBC) effect against B. subtilis 

and S. aureus at 10–25 µg/mL. However, Mycorrhizin A revealed a higher value 

for inhibiting S. aureus MRSA at 200 µg/mL (bacteriostatic effect). Mycorrhizin 

A showed a fungistatic/fungicidal control of A. niger and B. cinerea at 25-100 

µg/mL, respectively.  Furthermore, the study established that Mycorrhizin A was 

fungistatic against F. oxysporum at 200 µg/mL. 

 Table 2. Determination of MIC of Mycorrhizin A 

Sample Bs Sa Sa* An Bc Fo 

Mycorrhizin A 10a 25b 10a 25b 200b 25a 100b 25a 100b 200b 

Streptomycin 5b 5a 25b - nt nt nt 

Rovral ® nt nt nt 5a 25b 5a 25b 10a 50b 

abacteriostatic/fungistatic (MIC); bbactericidal/fungicidal (MBC/MFC); -: no 

effects up 200 μg/mL; nt: no tested. 

Pezicula species have been predominantly isolated from a variety of hosts 

inhabiting temperate regions of the world. Previous research conducted into the 

search for natural compounds from Pezicula are limited. However,  

some bioactive secondary metabolites have been identified, such as isocoumarin 

derivatives       (cis-4-hydroxymellein (antifungal),          trans-4-hydroxymellein 
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(antifungal), (3R,4S)-3,4-dihydro-4,5,8-trihydroxy-3-methylisocoumarin 

(antifungal)), mullein (antifungal, insecticidal, phytotoxic, cytotoxic), ramulosin 

(antifungal), butanedioic acid, cryptosporioptides A–C (antibiofilm), 

discosiolide (antibacterial/antifungal), peziculastatin (antibiofilm), ethisolide 

(antibacterial/antifungal/algicidal/herbicidal) and equisetin 

(antibacterial/antifungal/herbicidal) [31–34].  

Mycorrhizin A, a halogenated natural product, has previously been isolated 

from Plectophomella sp., showing significant activity towards Ustilago violacea 

and Eurotium repens [35]. It has also been reported from P. carpinea, P. livida, 

Monotropa hypopitys and Lachnum demonstrating cytotoxic activity against 

several cellular lines (colon carcinoma, HeLa and KB-3-1 cervix carcinoma, 

L929 mouse fibroblast) [36]. 

CONCLUSIONS 

This study showed for the first time that P. cinnamomea-78 was able to 

produce extracts with the highest antibacterial and antifungal capacity, as 

evidenced by the screening results. Bioautographic and spectroscopic analysis of 

these extracts indicated that Mycorrhizin A was responsible of the antimicrobial 

activity observed. Though P. cinnamomea has been reported on more than 30 

broad-leaved trees and more than 10 species of conifers [79], this study would 

constitute the first report of P. cinnamomea for the genus Nothofagus, which is 

endemic to Chile. In parallel, we report new antibacterial activity for the 

compound and broaden its spectrum of antifungal activity. 
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