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 The mycelial extracts of Polycephalomyces nipponicus and 

Ophiocordyceps sobolifera have been shown to possess antibacterial 

activity in several recent studies. This study aimed to examine the 

mechanism of action of both medicinal fungal mycelial extracts against 

Methicillin-resistant Staphylococcus aureus (MRSA) DMST 20651 and 

Methicillin-resistant Staphylococcus aureus (MRSA) DMST 4738 

compared with linezolid and vancomycin antibiotics by using scanning 

(SEM) and transmission electron microscopy (TEM). SEM analysis 

showed that both isolates of MRSA treated with 1× minimal inhibitory 

concentration (MIC) of both mycelial extracts had varied in cell size. 

While the TEM analysis showed that the cell shape is not round and 

distort, bacterial cell walls and cell membrane were altered and 

damaged, leading to cell death. Similar results were observed in the 

treatment of linezolid and vancomycin. These results suggested that P. 

nipponicus and O. sobolifera mycelial extracts exhibited to inhibit 

bacterial growth by disrupting peptidoglycan formation, which is a 

component of the cell wall and resulted in cell death. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

The scanning electron microscopy (SEM) and transmission electron microscopy (TEM) have been 

successfully used to study the mechanism of action of antibiotics or new bioactive compounds against 

bacterial pathogens by investigating the effect of these agents on a bacterial cell morphology alteration in 

both external and internal structures, respectively [1]. SEM provides high resolution images to visualize 

blebs or damage on bacterial cell wall. Fibrous material, probably arising due to the leakage of cell content 

and cell debris scattered around the bacterial cells can also be observed by SEM [1], [2]. In contrast, TEM 

can report evidence on the mechanism of membrane disruption such as membrane bleb, ruffling or 
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detachment and cytoplasmic alterations such as the presence of electrodense dots or fibers, hypodense 

cytoplasmic release and cell vacuolization [3]. Medicinal fungus is one of the sources of bioactive 

compounds productions. Especially Ophiocordyceps sinensis which have been reported to use in 

replenishing kidneys and treatment of fatigue, hyperglycemia, hyperlipidemia, hyposexualities, renal 

failure, arrhythmias, other heart diseases, and liver disorders [4]. Another important medicinal fungus is 

Cordyceps militaris which are beneficial to act as pro-sexual, anti-inflammatory, anti-oxidant, anti-cancer, 

immunomodulatory, anti- microbial, insecticidal, anti-angiogenetic, anti-diabetic, anti-HIV, anti-malarial, 

anti-fatigue, neuroprotective, liver-protective, reno-protective as well as pneumo-protective [5]. In 

Thailand, the medicinal fungus, Polycephalomyces nipponicus and O. sobolifera, also reported to have anti-

cancer [6- 8], antimicrobial [7], [9- 12]. Among antimicrobial activities, anti- bacterial has more study 

especially, methicillin-resistant Staphylococcus aureus (MRSA) and methicillin-susceptible Staphylococcus 

aureus (MSSA) strains. The mycelial extract of P. nipponicus and O. sobolifera has low minimal inhibitory 

concentration (MIC) and minimal bactericidal concentration (MBC) against both MRSA and MSSA, which 

were the concentration and time- dependent bactericidal activity [7], [10], [11]. However, the mechanism of 

action about this antibacterial activity of P. nipponicus and O. sobolifera is not well understood. In the 

present study, therefore, we investigate how mycelial extracts of both medicinal fungi exert their 

antibacterial effect on methicillin- resistant S. aureus by using SEM and TEM analysis. 

  

2. Materials and Methods  

 

2.1 Microorganism 

Methicillin-resistant Staphylococcus aureus (MRSA) DMST 20651 and methicillin-resistant 

Staphylococcus aureus (MRSA) DMST 4738 were obtained from the Culture Collection for Medical 

Microorganisms, Department of Medical Sciences, Thailand. 

 

2.2 Mycelium Extraction 

The mycelial extraction was performed by resuspending 1 gram of the dried mycelium powder obtained 

from P. nipponicus Cod-MK1201 and O. sobolifera Cod-KS1601 with 10 mL of 50% ethanol to make the 

final concentration as 100 mg/mL. Then, the mycelium suspension was sonicated with a High Intensity 

Ultrasonic Processor (Model VCX750, Newtown, CT, USA) for a total of 5 min in 10-s bursts with 2-s gaps 

for cooling. This step was performed on ice. The sonicated solution was centrifuged at 4,000 rpm for 5 min 

before being filtered through a 0.45-mm filter. The sonicated solution was kept at 4ºC for antibacterial 

investigation. 

 

2.3 Minimum Inhibitory Concentration (MIC) determination 

The MICs of the mycelial extracts were determined using the microdilution method. A 3-hour culture of test 

bacteria was adjusted to 4–5 × 106 colony-forming units/mL, and 10-µL aliquots of this were added to the 

wells of a 96-well polystyrene tray. Then 90 µL of each diluted mycelial extract (100, 50, 25, 12.5, 6.25, 

3.12, 1.56, 0.78, 0.39, 0.195 and 0.097 mg/mL) in MHB was added. A growth control well and an 

uninoculated control well were included in each plate. The plate was incubated at 37°C for 16–18 hours and 

MICs were determined by identifying the lowest concentration of extract able to inhibit bacterial growth. 

The MICs of linezolid and vancomycin antibiotics were also determined as the same procedure. 

 

2.4 Preparation of specimens for electron microscopy 

The bacterial strains were culture on Mueller Hinton agar (MHA) and incubated at 37ºC, for 6- 8 hours. The 

bacterial culture plate was flooded with 1 mL of 1xMBC of mycelial extract and incubated at 37ºC for 10-

12 hours. Bacterial cells were scratch from the surface of the agar and collected by centrifugation at 10,000 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 04, August, 2021 

  

909 
 

rpm for 5 min. The pellet was washed with 1 mL of 0.1 M phosphate-buffered (pH 7.2) four times and fixed 

with 2.5% (w/v) glutaraldehyde in 5% sucrose at 4ºC for 24 hours. Thereafter, the samples were rinsed 3 

times with 0.1 M phosphate-buffered (pH 7.2) and post-fixed in 1 % osmium tetroxide in the same buffer 

for 2 hours. Three additional rinses followed this with 0.1 M phosphate-buffered (pH 7.2). After fixation, a 

graded series of acetone (20%, 40%, 60%, 80%, and 100%; v/v) was used to dehydrate the specimens, with 

100 % acetone being used for the final step. 

 

2.5 Scanning electron microscopy 

After dehydration through an acetone series, the samples were applied to a glass coverslip. Dried samples 

were sputter-coated with gold (Leica EM ACE600) and examined using a scanning electron microscope 

(Carl Zeiss Model Auriga FESEM). 

 

2.6 Transmission electron microscopy 

After dehydration through an acetone series, the samples were incubated in 100% Acetone: Epon812 (2:1; 

v/v) and 100% Acetone: Epon812 (1:1; v/v) for 2 hours, respectively. Then the samples were incubated in 

100% Acetone: Epon812 (1:2; v/v) overnight. The supernatant was removed, and the cell pellets were then 

added 1mL of pure Epon 812. These cell pellets were embedded in Epon 812 and polymerized in a hot air 

oven at 60ºC for 24 h. Each resin-embedded pellet was then sectioned on an ultramicrotome (MTX, RMC 

products, USA) with a diamond knife. The thin sections were placed on copper grids (hexagonal 200 mesh) 

and stained with 2% (w/v) uranyl acetate and 10% (w/v) Lead Citrate (Sato' s lead stain) for 15 min, 

respectively. The samples were examined with a transmission electron microscope (TEM: FEI, Model 

TECNAI G2 20 S - TWIN, USA). 

  

3. Results 

 

3.1 Minimum Inhibitory Concentration (MIC) and of mycelial extracts 

The MIC of mycelial extracts of O. sobolifera isolate Cod-KS1601 against S. aureus (MRSA) DMST 20651 

and S. aureus (MRSA) DMST 4738 were quite low than those of the MIC of P. nipponicus isolate Cod-

MK1201. The MICs of O. sobolifera isolate Cod-KS1601 were 0.195 mg/mL and 0.195 mg/mL, 

respectively. While, the MICs of mycelial extracts of P. nipponicus isolate Cod- MK1201 were 3.125 

mg/mL and 3.125 mg/mL, respectively. MICs of the antibiotic linezolid and vancomycin against S. aureus 

(MRSA) DMST 20651 and S. aureus (MRSA) DMST 4738 were 128 µg/mL and 1 µg/mL, respectively. 

 

3.2 SEM analysis 

SEM analysis of S. aureus (MRSA) DMST 20651 (Figure 1) and S. aureus (MRSA) DMST 4738 (Figure 2) 

treated with 1× MIC mycelial extracts of P. nipponicus isolate Cod-MK1201 (Figure 1D and 2D) and O. 

sobolifera isolate Cod-KS1601 (Figure 1E and 2E) showed that the bacterial cell had round shaped in their 

morphology and they had smooth cell surface; however, variations in cell size were observed when 

compared with untreated cell (Figure 1A and 2A). The same finding was observed when the cell was treated 

with 1xMIC linezolid (Figure 1B and 2B) and vancomycin (Figure 1C and 2C) antibiotics. 

 

3.3 TEM analysis 

TEM analysis of S. aureus (MRSA) DMST 20651 (Figure 3) and S. aureus (MRSA) DMST 4738 (Figure 4) 

treated with 1× MIC mycelial extracts of P. nipponicus isolate Cod-MK1201 (Figure 3D and 4D) and O. 

sobolifera isolate Cod-KS1601 (Figure 3E and 4E) showed that the bacterial cell wall and cell membrane 

were altered and damaged (red arrowhead in Figure 3 and 4), and their cell shape was distorted. Moreover, 

bleb also appeared in the bacterial cell treated with O. sobolifera isolate Cod-KS1601 (Figure 4E). These 
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alterations were observed in linezolid (Figure 3B and 4B) and vancomycin (Figure 3C and 4C) antibiotic 

treatments. In comparison, the untreated bacterial cell morphology was round, and no alteration in the cell 

wall and cell membrane (Figure 3A and 4A). 

 

 
Figure 1 SEM analysis of S. aureus (MRSA) DMST 20651 following treatments with (A) control bacterial 

cell (B) linezolid (C) vancomycin (D) mycelial extract of P. nipponicus isolate Cod-MK1201 (E) mycelial 

extract of O. sobolifera isolate Cod-KS1601 at 1× MIC, 37°C for 6 hours. The red arrowhead indicates a 

large cell, and the blue arrowhead indicates a small cell. 

 

 
Figure 2 SEM analysis of S. aureus (MRSA) DMST 4738 following treatments with (A) control bacterial 

cell (B) linezolid (C) vancomycin (D) mycelial extract of P. nipponicus isolate Cod-MK1201 (E) mycelial 

extract of O. sobolifera isolate Cod-KS1601 at 1× MIC, 37°C for 6 hours. The red arrowhead indicates a 

large cell, and the blue arrowhead indicates a small cell. 

 

https://www.teikyomedicaljournal.com/


   ISSN: 03875547 

Volume 44, Issue 04, August, 2021 

  

911 
 

 
Figure 3 TEM analysis of S. aureus (MRSA) DMST 20651 following treatments with (A) control bacterial 

cell (B) linezolid (C) vancomycin (D) mycelial extract of P. nipponicus isolate Cod-MK1201 (E) mycelial 

extract of O. sobolifera isolate Cod-KS1601 at 1× MIC, 37°C for 6 hours. The red arrow head indicates cell 

wall and cell membrane damage. 

 

 
Figure 4 TEM analysis of S. aureus (MRSA) DMST 4738 following treatments with (A) control bacterial 
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cell (B) linezolid (C) vancomycin (D) mycelial extract of P. nipponicus isolate Cod-MK1201 (E) mycelial 

extract of O. sobolifera isolate Cod-KS1601 at 1× MIC, 37°C for 6 hours. The red arrow head indicates cell 

wall and cell membrane damage. 

 

4. Discussion 

The mycelial extracts of P. nipponicus and O. sobolifera had been reported to have antibacterial activities 

[7], [10]. The knowledge of the mechanism of actions of these extracts was limited. Therefore, we 

investigated the mechanism of action of these extracts against pathogenic bacteria. The findings will be 

represented to our knowledge information on how the activities of the mycelial extracts affect the external 

bacterial cell morphology alterations and the internal architecture of the bacterial cells by using scanning 

and transmission electron microscopy, respectively, because these techniques have been used and given 

valuable information on the antibacterial mechanism of action of new antibacterial agents [1], [13], [14]. 

The SEM yields information of present study shows that when the Gram-positive Staphylocci are treated 

with an inhibitory concentration of the mycelial extracts of P. nipponicus and O. sobolifera, the cell had 

variety in cell size (Figure 1 and 2) when compared with untreated cells. While the TEM analysis shows the 

cell shape is not round and distort (Figure 3 and 4). Some bacterial cells had cell walls and cell membranes 

altered and damaged (Figure 3 and 4). These were similar to the bacterial cells that were treated with 

vancomycin antibiotic treatment (Figure 3C and 4C). The mechanism of action of vancomycin has been 

reported by inhibiting the polymerization of peptidoglycans in the bacterial cell wall synthesis [15]. These 

strongly suggest that the antibacterial action of the mycelial extracts involves disruption of peptidoglycan 

biosynthesis and cell wall formation [16], since bacterial shape is controlled by the peptidoglycan 

component [17]. This was correlated with [2], who found that Annona squamosa extract has inhibited 

Bacillus cereus and Campylobacter jejuni by disruption of peptidoglycan synthesis and result in osmotic 

lysis before any changes in cell shape. Moreover, [18] found that treatment Staphylococcus aureus and 

Escherichia coli with silver ions showed considerable changes in the bacterial cell wall and cell membrane, 

which cause a consequence of cell death. 

 

Moreover, the mycelial extracts also affect the cell membrane (Figure 3 and 4), possibly by attaching to the 

cytoplasmic membrane, causing a change in membrane permeability and finally causing membrane leakage 

and cell death by osmotic lysis. This correlated with [2], who found that treatment of Gram-positive B. 

cereus with bactericidal concentrations of A. squamosa extract directly affects cell wall synthesis, leading to 

cells becoming sometimes twisted helical in shape. Also, the A. squamosa extract induced cytoplasmic 

lysis. These could be seen by their cytoplasm was less electron-dense, and they were surrounded by 

extracellular debris or the appearance of electron-dense material outside the cell. Moreover, the extract also 

affects the cell membrane by decreasing the electron density of the cytoplasm and their cells surrounded by 

large quantities of extracellular detritus. 

 

5. Conclusion 

In conclusion, our study suggests that mycelial extract of P. nipponicus and O. sobolifera had antibacterial 

activity against S. aureus MRSA by disrupting cell wall formation and damaging cell membrane leading to 

cell has no longer persist in round shape and cell lysis by osmotic pressure. These finding help to justify the 

using mycelial extract for the treatment S. aureus MRSA in the future. 
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