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Abstract: The growing resistance of bacteria to conventional antibiotics necessitates the exploration of 

natural sources for novel antimicrobial agents. Pseudevernia furfuracea (PF), a lichen species, has been 

traditionally used for its medicinal properties, but its antibacterial activity against common pathogens 

is poorly documented. This study evaluated the antibacterial activity of PF extracts against S. aureus 

and E. coli using the agar well diffusion method, and compared their efficacy with that of the standard 

antibiotic Gentamicin. The methanolic extract of PF exhibited the highest antibacterial activity, with 

zones of inhibition measuring 25 mm, 27 mm, and 29 mm against E. coli and 14 mm, 18 mm, and 25 

mm against S. aureus at concentrations of 25 µl, 50 µl, and 100 µl, respectively, as compared to other 

extracts. Molecular docking revealed favorable binding affinities between PF phytoconstituents and E. 

coli Gyrase B, suggesting a potential mechanism of action. The study underscores the potential of 

Pseudevernia furfuracea as a promising source for natural antibacterial agents, with future applications 

in clinical settings and pharmaceutical development. Further research is warranted to explore its full 

therapeutic potential. 

Keywords: Pseudevernia furfuracea; antibacterial activity; methanolic extract; agar well diffusion; 
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1. Introduction 

Antibiotic-resistant pathogens like Escherichia coli and Staphylococcus aureus are 

leading causes of severe infections worldwide, posing significant public health challenges. This 

growing resistance highlights the urgent need for alternative antimicrobial agents. Lichens are 

fascinating organisms formed by a partnership between a fungus and an alga or 

cyanobacterium. This unique relationship allows them to thrive in a variety of environments, 

from the cold Arctic to tropical rainforests, and even on bare rocks [1]. This symbiotic 

relationship enables lichens to persist in extreme conditions where few other organisms can 

live. Because of their resilience, lichens play an important role in ecosystems by helping to 

form soil, recycling nutrients, and creating habitats for other living things. Their ability to thrive 

in different environments makes them key indicators of environmental health and change. 
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Studying lichens provides valuable insights into how living things adapt and survive in nature 

[2]. 

Lichens absorb nutrients from the air, rainwater, and the surfaces on which they grow, 

making them excellent indicators of environmental health, especially air quality. Because they 

are sensitive to pollution, scientists use lichens to monitor the health of ecosystems. Lichens 

reproduce both sexually, through spores, and asexually, by breaking off into pieces that grow 

into new lichens [3]. With over 20,000 species, lichens come in different forms, such as crusty, 

leafy, or shrubby types. They play a crucial role in nature by helping to break down rocks into 

soil, providing food and shelter for wildlife, and enriching the soil with nitrogen. Their 

importance to biodiversity and ecosystem health cannot be overstated [4]. 

Some lichen species, like Stereocaulon tomentosum, Pseudevernia furfuracea, Cetraria 

islandica, Evernia prunastri, Lobaria pulmonaria, Xanthoria elegans, and Umbilicaria 

hirsuta, are well-known for their medicinal properties [5]. PF is less studied, even though it 

shows great potential. Recent research suggests that PF has strong anticancer [6], antimicrobial, 

anti-inflammatory, and antibacterial properties, making it a promising candidate for the 

development of natural medicines [5,7]. Although not as widely studied as other lichens, its 

bioactive compounds could be valuable for developing natural remedies. 

Pseudevernia furfuracea (PF), commonly known as "tree moss" or "lichen moss," 

usually grows on the bark of coniferous trees in temperate regions [8]. It has attracted scientific 

attention for its strong antimicrobial, anti-inflammatory, and antibacterial properties, which are 

linked to its rich content of bioactive compounds, such as usnic acid, depsides, and depsidones 

[9–11]. These compounds have been shown to effectively inhibit the growth of various 

microorganisms, including bacteria, viruses, and fungi [12]. PF has shown particularly strong 

antibacterial effects against both Gram-positive and Gram-negative bacteria, making it a 

promising natural alternative to traditional antibiotics, especially given the growing issue of 

antibiotic resistance. Overall, PF shows great promise for developing new natural products for 

health and medicine, particularly for controlling infections and managing inflammation. Its 

bioactive compounds could lead to new treatments for cancer and chronic inflammatory 

conditions. 

To fully understand and confirm the mechanisms by which the bioactive compounds in 

PF exert their antimicrobial activity, in silico molecular docking studies are a crucial step for 

elucidating the interactions between the phytoconstituents and bacterial proteins involved in 

vital processes such as cell wall synthesis, DNA replication, and protein production [13]. This 

approach not only validates the antimicrobial potential of PF but also accelerates the 

development of novel natural products that could serve as alternatives to conventional 

antibiotics, particularly in the fight against antibiotic-resistant bacteria. 

Overall, integrating in silico molecular docking studies with experimental findings on 

PF antimicrobial activity is essential for confirming the mechanisms of action of its 

phytoconstituents. This approach will deepen our understanding of how these compounds work 

and support the development of new natural products with significant therapeutic potential. 

Thus, the present study was designed to investigate the antimicrobial efficacy of PF's active 

metabolites. 
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2. Materials and methods 

2.1. Collection and authentication of lichen. 

The lichen thallus was collected from Nagzira Wildlife Sanctuary, Tirora Goregaon 

Tahsil, District Gondia, Maharashtra, India, in February 2023. The sample was then sent for 

authentication to the Council of Scientific and Industrial Research (CSIR) - National Botanical 

Research Institute, Lucknow, Uttar Pradesh. The voucher specimen, numbered 

PDSH/LWG/Authentication/2023-24/14, dated 7/06/2023, was deposited at the institute. 

2.2. Lichen extracts preparation. 

Twenty-five grams of air-dried PF thallus, including both vegetative and fruiting 

bodies, were thoroughly washed and dried. The dried thalli (22 g) were then subjected to 

successive solvent extraction using a Soxhlet apparatus, following the previously described 

method [14]. The extraction began with petroleum ether (60-80°C), followed sequentially by 

chloroform, acetone, and methanol. The extracts obtained were concentrated using a rotary 

evaporator and subsequently used for further phytochemical and pharmacological evaluations. 

2.3. Phytochemical screening. 

Freshly prepared Lichen extracts were analyzed for the presence of various 

phytochemicals such as flavonoids, saponins, alkaloids, carbohydrates, proteins, and tannins, 

using standard methods as described previously [15]. 

2.4. Antibacterial activity. 

The antibacterial potential of PF extracts was evaluated using the Kirby-Bauer well 

diffusion method [16]. Freshly grown bacterial cultures, standardized to 0.5 McFarland 

turbidity, were prepared from 24-hour nutrient broth cultures of S. aureus (Gram-positive) and 

E. coli (Gram-negative). These cultures were inoculated onto sterile, solidified Muller-Hinton 

Agar (MHA, HIMEDIA-M173) plates using the lawn culture technique with sterile cotton 

swabs [17]. Stock solutions of each extract were prepared at a concentration of 1 mg/ml. Three 

wells (8 mm in diameter) were bored into the MHA plates using a sterile cork borer, and each 

well was filled with 25 µL, 50 µL, and 100 µL of the extract solution. The plates were allowed 

to stand at room temperature for 2-3 hours to facilitate diffusion, after which they were 

incubated in an upright position at 37°C for 24 hours. The zones of inhibition around each well 

were measured to assess antibacterial activity. The zone of inhibition was calculated by 

measuring the diameter of the clear area surrounding each well in millimeters (mm). Control 

plates were prepared using 100 µL of DMSO as a negative control, and gentamicin was used 

as a positive control. 

2.5. Molecular docking. 

Computational docking studies of phytoconstituents from PF were performed using 

AutoDock Vina software [18,19]. The analysis utilized the 1.90 Å crystal structure of E. coli 

Gyrase B 24kDa (PDB ID: 6F86), obtained from the Protein Data Bank (https://www.rcsb.org). 

The structure included the inhibitor 4-(4-bromo-1H-pyrazol-1-yl)-6-[(ethyl carbamoyl) 

amino]-N-(pyridin-3-yl) pyridine-3 carboxamide, with an R-Value Free of 0.219 and an R-

https://doi.org/10.33263/LIANBS151.032
https://nanobioletters.com/


https://doi.org/10.33263/LIANBS151.032  

https://nanobioletters.com/ 4 of 12 

 

Value Work of 0.203. For docking preparation, chain A was selected, and non-standard 

residues were removed. Energy minimization and geometry optimization were conducted using 

UCSF Chimera’s Dock Prep tool. Gasteiger charges, polar hydrogens, and partial charges were 

assigned to ensure proper protonation at physiological pH [20]. Two-dimensional (2D) 

structures of the phytoconstituents were sourced from the NCBI PubChem database 

(https://pubchem.ncbi.nlm.nih.gov) and converted to three-dimensional (3D) structures using 

the Marvin program. Energy minimization of the ligands was performed with the Amber 

ff12SB force field in UCSF Chimera. Docking studies evaluated interactions between the 

phytoconstituents and 3CL protease, with binding energies calculated for protein-ligand 

complexes. AutoDock Vina, integrated with UCSF Chimera v1.14,used default parameters 

with a grid box of 15 × 15 × 15 Å, centered at (61.680, 28.331, 64.290) Å. Binding affinities 

were analyzed using the View Dock tool, and results were visualized with Discovery Studio 

2020 Client and PyMOL [21,22]. 

3. Results and Discussion 

3.1. Extraction of lichen. 

The extraction process for the collected thallus was meticulously conducted using a 

Soxhlet apparatus with successive solvent extractions, which enabled the efficient isolation of 

bioactive compounds from the lichen thallus. The solvents were selected based on their 

increasing polarity to ensure comprehensive extraction of both non-polar and polar bioactive 

compounds. The successive extraction approach allows systematic separation of compounds 

based on their solubility, thereby maximizing recovery of bioactive metabolites. Starting with 

petroleum ether, followed by chloroform, acetone, and methanol, the extraction yielded varying 

amounts of extracts, which are indicative of the solubility and abundance of the lichen’s 

constituents in each solvent. The yields were 2.5% w/w for petroleum ether, 3.5% w/w for 

chloroform, 4.5% w/w for acetone, and 7.5% w/w for methanol. The higher methanol yield 

suggests that polar compounds are more prevalent in the lichen, consistent with its traditional 

use for medicinal purposes. This result is consistent with previously published results, 

suggesting the maximum yield in methanol extract [14]. The concentrated extracts were then 

used for subsequent phytochemical analysis and biological activity assessments. 

3.2. Phytochemical screening. 

Phytochemical screening of successive solvent extracts of PF revealed a diverse array 

of bioactive compounds. The petroleum ether extract predominantly contained nonpolar 

constituents such as terpenoids and steroids. The chloroform extract exhibited a higher 

concentration of terpenoids, indicating the presence of moderately polar compounds. In 

contrast, the acetone and methanol extracts were rich in polar phytochemicals, notably tannins 

and flavonoids. These findings are consistent with previous reports highlighting the bioactive 

potential of lichen-derived extracts PF [23]. The observed variations in phytochemical 

composition across different solvent systems underscore the importance of using a range of 

solvents to achieve comprehensive extraction. Furthermore, the identified phytoconstituents 

are well documented for their antimicrobial, antioxidant, and anti-inflammatory properties, 

supporting their relevance for potential therapeutic applications. 
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3.3. Antibacterial activity. 

The antibacterial activity of PF extracts was evaluated against S. aureus and E. coli 

using the agar well diffusion method. For S. aureus, the Gentamicin control disc exhibited a 

zone of inhibition of 20 mm, confirming its effectiveness as a standard antibacterial agent. In 

contrast, the chloroform extract showed no inhibition (NI) at any concentration (25 µl, 50 µl, 

100 µl), indicating a lack of antibacterial activity. 

The acetone extract demonstrated zones of inhibition measuring 14 mm, 12 mm, and 

18 mm at 25 µl, 50 µl, and 100 µl, respectively. This indicates moderate antibacterial activity, 

with the zone of inhibition increasing with concentration. The methanol extract exhibited the 

most significant activity, with inhibition zones of 14 mm, 18 mm, and 25 mm at 25 µl, 50 µl, 

and 100 µl, respectively. The efficacy was concentration-dependent, with the highest 

concentration showing a zone of inhibition comparable to that of Gentamicin. The results, 

depicted in Figure 1, illustrate the zones of inhibition for each extract and concentration, 

providing insights into their comparative efficacy (Table 1). 

Table 1. Antibacterial effect of PF extract against S. aureus and E. coli. 

Standard and PF extracts 

Conc. in µl 

25 µl 50 µl 100 µl 

Zone of inhibition in mm 

Staphylococcus aureus 

Gentamicin 20 mm (10 mcg/ml) 

Chloroform No inhibition No inhibition No inhibition 

Acetone 14 12 18 

Methanol 14 18 25 

Escherichia coli 

Ampicillin 17 mm (10 mcg/ml) 

Chloroform No inhibition No inhibition No inhibition 

Acetone 12 14 24 

Methanol 25 27 29 

NI: No Inhibition 

For E. coli, the Gentamicin control disc produced a zone of inhibition of 17 mm, serving 

as a benchmark for antibacterial effectiveness. Similar to its effect on S. aureus, the chloroform 

extract exhibited no inhibition (NI) across all concentrations, indicating a lack of antibacterial 

properties against E. coli. The acetone extract showed inhibition zones of 12 mm, 14 mm, and 

24 mm for the 25 µl, 50 µl, and 100 µl concentrations, respectively. While the extract's efficacy 

increased with concentration, its overall activity was lower compared to the methanol extract. 

The methanol extract demonstrated the highest antibacterial activity, with inhibition zones of 

25 mm, 27 mm, and 29 mm at the 25 µl, 50 µl, and 100 µl concentrations, respectively. This 

extract exhibited superior antibacterial efficacy, particularly at higher concentrations, even 

surpassing the standard Gentamicin in effectiveness. The results, depicted in Figure 2 illustrate 

the zones of inhibition for each extract and concentration, providing insights into their 

comparative efficacy (Table 1). 

The results clearly indicate that the methanolic extract of PF possesses significant 

antibacterial activity against both S. aureus and E. coli, with effectiveness increasing with 

higher concentrations. These findings are consistent with previously published data [10]. The 

acetone extract also displayed moderate antibacterial activity, although it was less effective 

than the methanolic extract. In contrast, the chloroform extract exhibited no antibacterial 

activity against either bacterial strain, suggesting that the active compounds are more soluble 

in polar solvents like methanol. 

These findings underscore the potential of methanolic extracts of PF as a natural 

antibacterial agent, particularly against common bacterial pathogens. The effectiveness of the 
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methanol extract is likely due to the presence of high levels of phenolic compounds, such as 

Physodic acid and Olivetoric acid, and other phytoconstituents known for their antimicrobial 

properties [24]. This study supports the traditional use of lichen in treating infections and 

highlights its potential for developing new antibacterial agents.  

 
Figure 1. Antibacterial effect of Pseudevernia furfuracea extracts against S. aureus. (A) Gentamicin (positive 

control); (B) Chloroform extract; (C) Acetone extract; (D) Methanol extract. Zones of inhibition were measured 

in mm. Abbreviation: NI – No Inhibition. 

 
Figure 2. Antibacterial effect of Pseudevernia furfuracea extracts against E. coli. (A) Gentamicin (positive 

control); (B) Chloroform extract; (C) Acetone extract; (D) Methanol extract. Zones of inhibition were measured 

in mm. Abbreviation: NI – No Inhibition. 
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3.4. Molecular docking. 

Molecular docking studies were conducted to understand the interaction between the 

phytoconstituents of PF and the bacterial enzyme E. coli Gyrase B, a crucial target for 

antibacterial therapy. In this study, the antibacterial activity of PF extracts was evaluated 

against both S. aureus (Gram-positive) and E. coli (Gram-negative). However, the molecular 

docking studies were specifically conducted on E. coli Gyrase B, a key bacterial enzyme 

involved in DNA replication. The rationale for focusing docking studies on E. coli is the critical 

role of Gyrase B as a well-characterized target for antibacterial agents, particularly in Gram-

negative bacteria such as E. coli. The availability of high-resolution crystal structures for E. 

coli Gyrase B, combined with its relevance in antibiotic resistance mechanisms, makes it an 

ideal candidate for in silico studies [25]. Although S. aureus was also tested in vitro, the 

docking studies focused on E. coli to provide insights into potential mechanisms of action 

against this Gram-negative pathogen, which is often more challenging to treat due to its outer 

membrane barrier.  

Table 2. Molecular docking of PF phytoconstituents with E. coli Gyrase B (PDB ID: 6F86). 

Ligand Docking score Hydrogen bond interaction Hydrophobic bond interaction 

Native ligand -8.7 ASP-59, GLU-36 
THR-133, ARG-62, VAL-29, VAL-135, 

ALA-33, PRO-65 

Atranorin -6.7 GLU-36, ARG-62 ASP-59, THR-133, GIH-63, PRO-65, TLE-64 

Olivetoric acid -6.1 GLU-36, ARG-62, GLY-63 THR-133, ILE-64, PRO-65 

Chloratranorin -7.0 THR-133, GLY-63, ASN-32 
ASP-59, ILE-64, PRO-65, GLU-36, ASP-35, 

ALA-39 

Depsidone -5.9 ---- ILE-64, GLU-36, ARG-62 

Usnic acid -7.1 GLU-36, ASN-32 ILE-64 

Physodallic acid -8.6 THR-133, ASN-32, GLY-63, GLU-36 ILE-64, ALA-33 

Physodic acid -6.9 
ASN-32, ALA-33, ASP-59, THR-133, 

GIY-63, ABG-64, ILE-62 
GLY-81 

The docking results and interaction between phytoconstituents indicated favorable 

binding affinities and interaction for the majority of the tested compounds, as shown in Table 

2 and Figures 3 and 4, respectively. Future research could extend molecular docking studies to 

other key targets specific to Gram-positive bacteria, such as S. aureus, to provide a more 

comprehensive understanding of the lichen’s antibacterial mechanisms across different 

bacterial types. 

In our study, we used the native co-crystallized ligand of E. coli Gyrase B as a reference, 

which is a scientifically valid and widely accepted approach. The native ligand provides a 

biologically relevant benchmark for assessing binding affinity and helps validate the docking 

protocol. Native Ligand (Binding Energy: -8.7) demonstrates strong binding via hydrogen 

bonds with ASP A: 59 and THR A: 133, with additional stabilization from GLU A: 36. An 

unfavorable donor-donor interaction with ARG A: 62 may slightly weaken binding, while Pi-

alkyl interaction with PRO A: 65 aids stabilization. Overall, the native ligand presents a well-

balanced interaction profile, though optimization is possible at the site of unfavorable 

interaction. Atranorin (Binding Energy: -6.7) shares similar binding characteristics with the 

native ligand, forming hydrogen bonds with ASP A: 59, GLU A: 36, and ARG A: 62. A unique 

interaction with GLY A: 68 distinguishes it, although the absence of alkyl or Pi-alkyl 

interactions may reduce binding stability (Figure 3). 

Olivetoric acid (Binding Energy: -6.1) exhibits key interactions with GLY A: 63, GLU 

A: 36, and ARG A: 62, similar to the native ligand, with a unique bond to THR A: 133. Its 

hydrophobic interaction with ILE A: 64 suggests enhanced stabilization, offering a well-
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rounded interaction profile. Chloratranorin (Binding Energy: -7.0) forms multiple stabilizing 

hydrogen bonds with residues like THR A: 133, GLY A: 63, GLU A: 36, and ASN A: 32, 

along with non-polar interactions with ILE A: 64. This comprehensive profile suggests 

potentially stronger binding affinity and stability compared to the native ligand (Figure 3) [26]. 

 
Figure 3. 2D interaction diagrams of docked ligands within the active site of E. coli Gyrase B (PDB ID: 6F86). 

(A) Native ligand (CWW); (B) Atranorin; (C) Olivetoric acid; (D) Chloratranorin. Ligands are shown in ball-

and-stick representation, while interacting amino acid residues are depicted in colored circles. Conventional 

hydrogen bonds are represented by green dashed lines, π-donor hydrogen bonds by light green dashed lines, 

electrostatic (π-anion) interactions by orange dashed lines, and alkyl and π-alkyl interactions by pink and purple 

dashed lines, respectively. The interactions illustrate the binding affinity and orientation of the lichen-derived 

compounds in comparison with the native ligand. 

 

Figure 4. 2D interaction diagrams of docked ligands within the active site of E. coli Gyrase B (PDB ID: 6F86). 

(A) Depsidone; (B) Usnic acid; (C) Physodalic acid; (D) Physodic acid. Ligands are shown in ball-and-stick 

representation, and interacting amino acid residues are highlighted in colored circles. Conventional hydrogen 

bonds are represented by green dashed lines, π-donor hydrogen bonds by light green dashed lines, electrostatic 

(π-anion) interactions by orange dashed lines, while alkyl and π-alkyl interactions are shown as pink and purple 

dashed lines, respectively. These interactions illustrate the binding behavior of the lichen-derived compounds 

with the target bacterial enzyme. 

Depsidone (Binding Energy: -5.9), hydrogen bond with GLU A: 36 and Pi-anion 

interaction with ARG A: 62, introduces a unique electrostatic component. While simpler than 

the native ligand, these interactions, particularly with ILE A: 64, may enhance binding through 
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additional stabilization. Usnic Acid (Binding Energy: -7.1) exhibits stable binding via 

hydrogen bonds with ASN A: 32 and GLU A: 36. Pi-alkyl interactions with ILE A: 64 

contribute to non-covalent stabilization, though the lack of direct interaction with ARG A: 62 

may slightly limit binding affinity compared to the native ligand [27]. 

Physodic acid (Binding Energy: -6.9) shares a key hydrogen bond with ASP A: 59, as 

seen in the native ligand, with additional bonds to GLY A: 63, THR A: 133, ASN A: 32, and 

ALA A: 33, enhancing its binding affinity. Pi-donor hydrogen bonds with ALA A: 33 and 

hydrophobic interactions with ILE A: 64 and ALA A: 54 further stabilize the binding [28]. 

Physodalic acid (Binding Energy: -8.6) forms critical hydrogen bonds with ASP A: 59, GLY 

A: 63, THR A: 133, and ASN A: 32, mirroring and exceeding the native ligand's interactions. 

Pi-donor hydrogen bonds with ALA A: 33 and hydrophobic stabilization with ILE A: 64 and 

ALA A: 54 suggest a robust binding profile (Figure 4). Overall, the phytoconstituents from PF, 

particularly Physodic and Physodalic acids (as evident from the highest binding energy 

amongst phytoconstituents), demonstrate strong potential as alternative or complementary 

ligands to the native compound due to their extensive hydrogen bonding and hydrophobic 

interactions as compared with previously published data with regard to hydrogen bond 

interaction [28]. Chloratranorin also shows promise, with a comprehensive interaction profile 

suggesting higher binding affinity and stability. These findings indicate that these compounds 

could be further optimized for enhanced efficacy in drug design and are responsible for the 

antimicrobial potential of the active extracts. 

4. Conclusions 

This study highlights the significant antibacterial potential of Pseudevernia furfuracea 

(L.), demonstrated through phytochemical analysis, in vitro evaluation, and molecular docking 

studies. Successive solvent extractions yielded a diverse range of bioactive compounds, with 

the methanol extract showing a high concentration of polar constituents, including flavonoids 

and tannins—primarily responsible for the observed antibacterial activity against S. aureus and 

E. coli. Molecular docking further supported these findings, showing strong binding affinities 

of key phytoconstituents to E. coli Gyrase B, suggesting a plausible mechanism of action. 

These results underscore PF's potential as a source of natural antibacterial agents, in line with 

its traditional medicinal use. Future research should focus on isolating and characterizing 

individual compounds, evaluating in vivo efficacy and safety, exploring synergistic effects with 

conventional antibiotics, and optimizing extraction methods. Expanding the antibacterial 

spectrum could further establish PF’s role in pharmaceutical development. 
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