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Abstract 
Lichens are unique organisms with medicinal benefits. However, lichens and endolichenic 

fungi in the Philippines are relatively less explored. In this study, the host lichen Usnea samples 

were collected from Mt. Talinis, Valencia, Negros Oriental and were surface sterilized for the 

isolation of endolichenic fungi. The endolichenic fungi were grown in culture, and secondary 

metabolites were extracted using ethyl acetate. The antibacterial activities of the crude culture 

extracts were analyzed against Acinetobacter baumannii, Enterococcus faecium, Klebsiella 

pneumoniae, Pseudomonas aeruginosa, Pantoea agglomerans, and Staphylococcus aureus through 

disk diffusion assay. Following morphological characterization, the host lichens were identified as 

Usnea baileyi, U. barbata, U. bismolliuscula, U. chaetophora, U. cornuta, and U. longissima, from 

which six endolichenic fungi were chosen. Results of the paper disk diffusion assay showed that 

Oidiodendron sp. inhibited the growth of Klebsiella pneumoniae (30 mm ZOI), and Geotrichum sp. 

inhibited the growth of Pantoea agglomerans (16 mm ZOI). Our study confirms that endolichenic 

fungi isolated from the fruticose lichen Usnea can be a promising source of secondary metabolites 

with antibacterial activity. 
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Introduction 

The development and discovery of drugs have been successful in controlling many infectious 

diseases (Drews 2000, Muthuirulan 2018). However, the increasing emergence of multidrug-

resistant bacteria poses a formidable threat to the public health and welfare of humans worldwide. 

Thus, the challenge lies in finding a new source of pharmacologically active molecules (Behera et 

al. 2005) to combat these emerging and re-emerging infectious diseases (Mercorelli et al. 2018, 

Zupin et al. 2022).  

Alternative sources of biologically active secondary metabolites include lichens and 

endolichenic fungi (Agrawal et al. 2020). Endolichenic fungi are predominantly filamentous fungi 

that reside asymptomatically in the lichen thalli (Kellogg & Raja 2017). An estimated 13,500 

filamentous fungal species are residing within the lichen thalli (Kellogg & Raja 2017, Singh et al. 

2017). Most of these endolichenic fungi belong to orders Pleosporales, Xylariales, and 

Hypocreales (U’Ren 2012). Natural products from endolichenic fungi have been attracting 

increased attention for their ability to biosynthesize novel secondary metabolites (Agrawal et al. 
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2020, Kellogg & Raja 2017). This is evident from the increase in publications devoted to 

endolichenic fungal metabolites over the past decade (Kellogg & Raja 2017). The bioactive 

metabolites produce by endolichenic fungi include alkaloids, furanones, peptides, acyclic 

compounds, quinones, steroids, sulfur-containing chromanone, terpenoids, and xanthone (Agrawal 

et al. 2020, Kellogg & Raja 2017). Analysis of metabolites extracted from endolichenic fungi 

showed diverse bioactivities, such as anticancer, antiviral, antibacterial, antifungal, and anti-

Alzheimer’s properties (Cimmino et al. 2019, Kellogg & Raja 2017, Singh et al. 2017). 

Given the potential of endolichenic fungi as sources of novel compounds with pharmaceutical 

importance, this study aims to assess the antibacterial potential of the crude culture extracts of 

endolichenic fungi isolated from species of Usnea from the Philippines.  

 

Materials and methods 

 

Collection and identification of host lichens 

Samples of lichen Usnea were collected from Mt. Talinis, Valencia, Negros Oriental. The 

lichen thalli were collected by detaching them from the substrates, placed inside separate paper 

bags, and stored in a cool, dry place. Identification of the lichen samples was accomplished through 

morphological characterizations, including the presence of reproductive structures (apothecia), 

types of branches, color, presence of soralia, and growth form. Identification through thalline spot 

test was also performed using potassium hydroxide (K), sodium hypochlorite (C), and combined 

(KC). The reagents were dropped directly on the exposed medulla, cortex, and central axis of the 

lichen, and an immediate color change indicates a positive result (Santiago et al. 2010). 

 

Isolation of endolichenic fungi. 

The lichen thalli were initially rinsed with distilled water to remove excess dirt. Sterile 

surgical scissors were used to cut the thalli into manageable portions, followed by surface 

sterilization by successively treating the thalli with 75% ethyl alcohol for 30 seconds, distilled 

water for 30 seconds, and 10% NaOCl for 30 seconds (Li et al. 2007). Following surface 

sterilization, the lichen explants were inoculated in malt extract agar (MEA) plates (five explants 

per plate, in triplicates) and incubated at room temperature for two weeks. To check for the 

effectiveness of the surface sterilization method, the treated thalli explants were tissue printed on 

MEA, where the absence of fungal growth ensures successful surface sterilization. The fungal 

hypha that grew from the lichen explants were transferred onto freshly prepared MEA plates for the 

isolation of the endolichenic fungi and incubated at room temperature (Padhi & Tayung 2015). 

 

Mass production and extraction of secondary metabolites 

The endolichenic fungal isolates were sub-cultured on MEA plates for one week. After 

incubation, the fungal colonies were cut with a sterile scalpel into squares (25 mm2), and ten of 

these agar blocks were inoculated into 150 ml malt extract broth (MEB) in triplicates. The culture 

broths were then incubated at room temperature for 28 days, after which the fungal mycelia were 

macerated, and the culture was mixed with an equal volume of ethyl acetate at room temperature 

for 24 hours. The solvent layer was separated and evaporated under reduced pressure through 

rotary evaporation (45 ºC) at 121 rotations per minute (rpm). The crude culture extracts were air 

dried after transferring it into pre-weighed vials and re-dissolved with methanol to arrive at a final 

concentration of 30 µg/µl (Torres & Dela Cruz 2015) and 100 µg/µl. 

 

Antibacterial assay using paper disk diffusion method 

The following test bacteria were used in this study: Acinetobacter baumannii (TBRC 6950), 

Enterococcus faecium (TBRC 2163), Klebsiella pneumoniae (ATCC 13583), Pseudomonas 

aeruginosa (ATCC 27853), Pantoea agglomerans, and Staphylococcus aureus (ATCC 25923). The 

test bacteria were grown on Mueller Hilton Agar (MHA) at 35ºC for 24 hours. Following culture, 
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the test bacteria were suspended into 10 ml MHB tubes and standardized to 0.5 McFarland (De 

Jesus et al. 2016). 

The standardized test bacteria were swabbed on MHA plates. Sterile discs were each 

impregnated with 10 µl of endolichenic fungal crude extracts with a concentration of 30 µg/µl and 

100 µg/µl and placed on the swabbed MHA plates (Torres & Dela Cruz 2015). Methanol was used 

as the negative control, and tetracycline was used as the positive control. The culture plates were 

incubated at 35ºC for 24 hours. Following incubation, the diameter of the zone of inhibition was 

measured using a vernier caliper. The zone of inhibition (ZOI) was categorized as inactive (<10 

mm ZOI), partially active (10-12 mm ZOI), active (13-19 mm ZOI), and very active (>19 mm ZOI) 

following the protocol of Quinto & Santos (2005). 

 

Results 

 

The lichen genus Usnea 

The presence of a moist climate and minimal pollution in Mt. Talinis, Valencia, Negros 

Occidental allowed an extensive growth of the host lichens. Six lichen specimens collected in the 

area were described morphologically and identified as Usnea baileyi, Usnea barbata, Usnea 

bismolliuscula, Usnea chaetophora, Usnea cornuta, and Usnea longissima. (Figure 1). For the 

morphological characteristics of the lichens, U. baileyi exhibits grayish to green thalli, sub-

pendulous growth form with a length of about 20.07 cm. It has fistulose branches with soralia but 

not apothecia. It is K+ and C+ for the thalline spot test. Usnea barbata has a yellowish to green 

thalli, pendulous growth form, and a length of about 12.95 cm. It has foveolate and ridged branches 

with soralia, but no apothecia observed. It is K+ and KC+ positive for the spot test. Usnea 

bismolliuscula has a grayish to green thalli, pendulous growth form, and a length of 24.38 cm. Its 

branches are perforated with attached soralia. It also shows K+ and KC+ spot test results. Usnea 

chaetophora has a yellowish-green thallus with a pendulous growth form and a length of 7.87 cm. 

Its branches are annulated with attached soralia. It exhibited C+ for the spot test. Usnea cornuta 

also has a yellowish-green thallus but has a shrubby growth form with a 19.30 cm length. The 

branches are shrubby and have soralia attached to them. It is also C+ and KC+ in the spot test. 

Usnea longissima has a pale green thallus, pendulous growth form, and about 26.16 cm long. Its 

branches are perpendicular with no soralia and apothecia. It also showed K+ and KC+ results for 

the spot test.  

 

 
 

Fig. 1 – The genus Usnea in Mt Talinis, Valencia, Negros Oriental. A Usnea baileyi. B Usnea 

barbata. C Usnea bismolliuscula. D Usnea chaetophora. E Usnea cornuta. F Usnea longissima. 
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The isolated endolichenic fungi 

A total of 26 endolichenic fungi were isolated from Usnea thalli. However, it is worth noting 

that majority of the fungal isolates were mycelia sterilia, and consequently, only ten 

morphologically identified endolichenic fungi were considered in the study. The ELFs included in 

the study were isolated from U. barbata, U. cornuta, and U. longissima and were identified under 

six genera, including Botryotrichum, Coniothyrium, Cylindrocarpon, Geotrichum, Oidiodendron, 

and Papulospora (Fig. 2). 

 

 
 

Fig. 2 – The endolichenic fungi isolated from Usnea. A Botryotrichum sp. B Coniothyrium sp.  

C Cylindrocarpon sp. D Geotrichum sp. E Oidiodendron sp. F Papulospora sp. 

 

Botryotrichum sp. has white cottony mycelia with the reverse showing white with yellow 

tinges at the center. Coniothyrium sp. has a filamentous, white, dark brown discolored mycelium 

and a white reverse. Cylindrocarpon sp. has a filamentous, light-yellow mycelium and a yellow 

reverse color which fades as it reaches the edge. Geotrichum sp. has a white cottony mycelium with 

a white reverse, having tiny black spots. Oidiodendron sp. has white, filamentous mycelia with 

white reverse having tiny brown spots. Papulospora sp. has a white, cottony mycelium and a white 

reverse having yellow tinges in the center.  

 

 
 

Fig. 3 – Antibacterial activity of the different endolichenic fungi against the bacterial pathogens.  

A 30 µg/µl. B 100 µg/µl crude extract concentration. 
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Antibacterial Activities of the endolichenic fungi 

For the 30 µg/µl extract concentration, one extract exhibited a zone of inhibition (ZOI) 

against K. pneumoniae, four against P. aeruginosa, two against P. agglomerans and four against S. 

aureus. However, since most extracts exhibited a ZOI less than 10 mm and were considered 

inactive. For the 100 µg/µl extract concentrations, Oidiodendron sp. showed activity against A. 

baumannii (12 mm). Botryotrichum sp. and Oidiodendron sp. showed a ZOI of 12 mm and 30 mm 

against K. pneumoniae, respectively. Coniothyrium sp. showed a ZOI (11 mm) against P. 

aeruginosa; Geotrichum sp. (16 mm) against P. agglomerans, and Cylindrocarpon sp. (11 mm) 

against S. aureus. Methanol showed no ZOI to any pathogenic bacteria, while tetracycline showed 

a huge activity against K. pneumoniae, P. aeruginosa, P. agglomerans, and S. aureus.  

To determine if there is a significant difference between the ZOI of the endolichenic fungi 

and the control, one-way ANOVA was performed. However, a significant difference was observed 

(Table 1). Given the observed absence of significant difference between the positive control and the 

endolichenic fungi (100 µg/µl) against E. faecium, this finding was ignored due to the overall 

inactivity exhibited by the samples (Figure 3, Table 1). Subsequently, we performed the Tukey post 

hoc test and discovered that there is no significant difference between the efficacy of 100 µg/µl 

extract of Oidiodendron sp. and tetracycline against K. pneumoniae (p=0.285>0.05). 

 

Table 1. Statistical analysis of the zone of inhibition exhibited by the endolichenic fungi against the 

bacterial pathogens.  

 

Bacteria 30 µg/µl 100 µg/µl 
F value F-crit value F value F-crit value 

A. baumannii - - 296.07 2.22 

E. faecium - - 1.10 2.22 

K. pneumoniae 1050.92 2.72 780.27 2.72 

P. aeruginosa 88.52 2.72 7844.05 2.72 

P. agglomerans 572.64 2.72 15.76 2.72 

S. aureus 545.43 2.72 21.30 2.72 

 

Discussion  

Lichens are self-sufficient organisms formed by a symbiotic relationship between a fungus 

and a photobiont. The photobiont, usually an alga or cyanobacteria, provides the carbohydrates 

needed by the fungus while the mycobiont (fungi) provides mineral nutrition and moisture to the 

photobiont (Komaty et al. 2016), but in addition to the fungal mycobiont, endolichenic fungi also 

resides within the lichen thalli (Kellogg & Raja 2017, Singh et al. 2017). Endolichenic fungi are 

believed to have evolved with lichen (Suryanarayanan & Thirunavukkarasu 2017) and is related to 

or similar to the fungal endophytes of vascular plants (Arnold et al. 2003). In this study, the Usnea 

species confirmed the presence of endolichenic fungi in the lichen’s thalli which is similar to the 

previous report by Santiago et al. (2021). However, mycelia sterilia were not identified and used in 

the study. The endolichenic fungi from U. barbata, U. cornuta, and Usnea longissima, which can 

be identified morphologically, were the only ones chosen for the study. It has been previously 

mentioned that U. baileyi, U. barbata, U. bismolliuscula, U. cornuta, U. longissima, and  

U. pectinata harbor endolichenic fungi with antimicrobial activity (He & Zhang 2012, Rajapaksha 

et al. 2009, Santiago et al. 2021, U’Ren 2012). The isolated endolichenic fungi were classified 

under the classes Sordariomycetes and Eurotiomycetes (Santiago et al. 2021). These endolichenic 

fungi produce bioactive molecules, including alkaloids, quinones, furanones, as well as terpenes, 

steroids, and some allylic compounds (Kellogg & Raja 2017, Paranagama et al. 2007). These 

metabolites have many biological activities, which include antiviral, antibacterial, and antitumor 

(Aslan et al. 2001, Dülger et al. 1998, Huneck 1999, Kellogg & Raja 2017, Singh et al. 2017). The 

method of action of these metabolites on bacteria includes inhibition of biosynthesis of protein and 

cell wall of bacteria by blocking the action of transpeptidases (Adegboye & Babalola 2013, Padhi 

& Tayung 2015). 
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Although it is known that endolichenic fungi are good sources of bioactive metabolites, their 

identity and chemistry have not been studied extensively (Samanthi et al. 2015). In this study, a 

high concentration of endolichenic fungal extracts could inhibit the growth of some pathogenic 

bacteria. This result is similar to Curvularia trifolii isolated from Usnea sp., whose extracts have 

“bactericidal” activity against three test bacteria. Previous reports on endolichenic fungi isolated 

from Usnea also revealed that the endolichenic fungal crude extracts have bioactivity against S. 

aureus (Santiago et al. 2021). Also, this study confirms that differences in concentration of the 

crude culture extracts have an impact on the activity of the endolichenic fungal extract. A higher 

extract concentration exhibits a significantly higher activity as what is observed between the 30 

µg/µl and 100 µg/µl Oidiodendron sp. extract against K. pneumoniae, although the same result was 

also observed with the other extracts. Finally, the bioactivity of molecules is indeed a 

concentration-dependent activity, where secondary metabolites are more potent and effective in 

high concentrations (Srivastava et al. 2013).  

 

Conclusions 

All lichens harbor endolichenic fungi that may exhibit antibacterial potential. The 

antibacterial activity of the crude extracts from endolichenic fungi exhibits a dose-dependent 

behavior, with higher concentrations leading to larger zones of inhibition against the pathogenic 

bacteria. Among the six endolichenic fungi, Geotrichum sp. and Oidiodendron sp. display 

promising bioactivity against P. agglomerans and K. pneumoniae, respectively. These findings 

indicate that endolichenic fungi are valuable sources of bioactive secondary metabolites. 
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