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Background. According to the World Health Organization antibiotic resistance is among the top ten threats 
to human health, food safety and development. Today antibiotic resistance has reached alarmingly high le-
vels all over the world. Meanwhile, the increase in the synthetic drugs' production has led to the pathogenic 
mycobiota's rapid adaptation to the created chemicals, which have a narrow focus of application. That is 
why in modern biotechnology and pharmacology much attention is paid to natural producers of biologically 
active compounds, in particular – to xylotrophic fungi. It has been experimentally proven that the xylo-

trophic macromycete Fomitopsis officinalis or tinder fungus can be considered to be a promising producer of 
pharmacological substances with a broad spectrum of action. Studies of active metabolites, contained in the 
mycelial mass, culture fluid of the medicinal xylotrophic macromycete F. officinalis, and determination of 
their biological action remain relevant. 
Objective. The objective was to determine the antimicrobial activity of culture fluid and mycelial mass of 
F. officinalis different strains from the mushrooms collection (IBK Mushroom Culture Collection of the 
M.G. Kholodny Institute of Botany, NAS of Ukraine) against gram-negative and gram-positive bacteria species. 

Methods. An in vitro study of the antimicrobial activity of ethyl acetate extracts of culture fluid and aqueous-
ethyl extracts of mycelial mass for F. officinalis strains IBK-5004, IBK-2497, IBK-2498 against gram-positive 
Staphylococcus aureus (B-918), Bacillus subtilis (В-901) and gram-negative Escherichia coli (B-906), Bacillus 
subtilis (B-900), Klebsiella pneumoniae (M-123) bacteria by disc-diffusion method was conducted.  
Results. High antimicrobial activity of tinder fungus culture fluid and mycelial mass extracts against Staphy-
lococcus aureus was established after the 21st day of cultivation, while on the 28th day the zone of growth re-
tardation was maximal (15–25 mm). The highest indices were recorded in F. officinalis IBK-5004 (20–25 mm) 
and IBK-2498 (20–24 mm) strains. Antimicrobial activity against Klebsiella pneumoniae in culture fluid ex-
tracts was manifested on the 21st and 28th days of cultivation. The highest antimicrobial activity against Kleb-
siella pneumoniae was observed in the culture fluid of the strain F. officinalis IBK-5004, the diameter of the 
growth retardation zone was 18 mm on the 28th day of cultivation. Mycelial mass's extracts showed moderate 
activity on the 14th day of cultivation (7-8 mm); maximal activity was recorded on the 28th day (12–22 mm). 
The most active strain was Fomitopsis officinalis IBK-2498. No antimicrobial activity against test organisms 
was detected in the following studied strains: Escherichia coli, Pseudomonas aeruginosa, Bacillus subtilis. 
Conclusions. It has been established that the mycelial mass and culture fluid extracts of F. officinalis IBK-

5004, IBK-2497, IBK-2498 strains have high antimicrobial activity against Staphylococcus aureus and mod-
erate antimicrobial activity against Klebsiella pneumoniae on the 21st and 28th day of cultivation.  

Keywords: antibiotic resistance; biologically active substances; mycelium; mycelial mass; culture fluid; gram-
negative bacteria; gram-positive bacteria; disk diffusion method; anti-microbial activity. 

  

Introduction 

Research and development of new effective 

biological products for the treatment and preven-

tion of acute and chronic diseases caused by vari-

ous microorganisms is one of the priorities of 

modern pharmaceutical mycology. In recent dec-

ades, considerable attention has been attracted to 

antibiotic-producing fungi, which they synthesize 

in the process of secondary metabolism [1–6]. 

Synthesis of antibiotics is one of the forms of fungi 

antagonism against other organisms’ species. The 

antibiotics formation is evolutionary and adaptive 

in nature and is closely related to the general me-

tabolic processes in fungal cells. In recent years, 

the increase in the production of synthetic drugs 

has led to the rapid adaptation of pathogenic my-

cobiota to the developed chemicals, which have a 

narrow focus on application, and as a conse-

quence, a significant number of adverse reactions 

for the human body. Prolonged and not always jus-

tified antibiotics application often accelerates the 
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Table 1: The studied collections of Fomitopsis officinalis [25] 

ІВК number Origin and date of culture isolation 

ІВК-2497 
Mycoforest Collection of typical 
cultures (MFTCC), Slovakia, 2016 

ІВК-2498 
Mycoforest Collection of typical 
cultures (MFTCC), Slovakia, 2016 

ІВК-5004 

V.L. Komarov Botanical Institute, 
Russian Acadamy of Science 
(ВІN), St.-Petersburg, Russia, 
1981 

 

 

pathogens evolution in the direction of consolidat-

ing their resistance to these drugs. Therefore, it is 

necessary to replace constantly some types of anti-

biotics with others. To do this, you need to find 
the most active organisms – antibiotics producers. 

That is why in modern medicine and pharmacolo-

gy much attention is paid to natural producers of 

biologically active compounds, including xylo-

trophic macromycetes [1, 3, 7–10]. This is due to 

the fact that natural compounds from medicinal 

macromycetes, in contrast to synthetic, have a 

multifunctional and multifaceted effect on the hu-

man body, which significantly reduces the negative 

effects and addiction. The study of therapeutic ac-

tivity of medicinal mushrooms different species has 

shown the feasibility of their application in modern 

clinical practice [3, 5, 11]. Increased attention to 

xylotrophic macromycetes is due to the fact that it 

has been experimentally confirmed that these or-

ganisms synthesize secondary metabolites of ex-

tremely diverse chemical structure, a significant 

proportion of which are inhibitors of various cellu-

lar processes. Such substances include antibiotics, 

fungicides, cytostatic compounds, modulators of 

the immune response, growth regulators. The syn-

thesis of secondary metabolites with antimicrobial 

activity is more characteristic of wood-destroying 
basidiomycetes – wood brown rot putrefaction 

agents. One of such species is the valuable rare 

macromycete Fomitopsis officinalis (Vill.) Bondart-

sev & Singer, known in medical practice as "tinder 

fungus" or "larch sponge". The healing properties 

of larch sponge substances have been known for a 

long time and are widely used in traditional Chi-

nese and Tibetan medicine [12–15]. Modern re-

search has shown that larch sponge can be consi-

dered a promising producer of pharmacological 

substances with a broad spectrum of action. Unsa-

turated fatty acids (palmitic, oleic, linoleic, linole-

nic, arachidonic, etc.), heteropolysaccharides, gluco-

samines, agaricic acid, phospholipids, carotenoids, 

sterols, vitamins of B group, vitamins E, A, essen-

tial oils, cytokinins, triterpenoids of lanostan type 

(eburic acid) were isolated from the F. officinalis 
basidiom and mycelium [12, 14, 16–23]. It has 

been experimentally proven that the antibiotic ef-

fect of tinder fungus extracts is not due to individual 

secondary metabolites, but to the combined action 

of all biologically active substances [12, 14, 15, 24].  

The aim of our work was to study the antimi-

crobial activity of culture fluid and mycelial mass 

of Fomitopsis officinalis different strains from the 

mushroom culture collection (ІВК) against gram-

negative and gram-positive bacterial species.  

Masterials and methods 

The objects of the study was pure cultures of 

Fomitopsis officinalis, which are stored in the IBK 

Mushroom Culture Collection of the M.G. Kho-

lodny Institute of Botany of the National Academy 

of Science of Ukraine (Table 1). 

Preparation of mushroom extract. F. officinalis 
cultures were grown superficially on a complex 

nutrient medium GPE, of the following composi-

tion, g/l: glucose – 25.0; peptone – 3.0; yeast 

extract – 2.0; КН2РО4 – 1.0; K2HPO4 – 1.0; 

MgSO47H2O – 0.25. The acidity of the medium 

was 5.5. Cultivation was performed at a tempera-

ture of 26 ± 1 C for 7, 14, 21, and 28 days. The 

culture fluid after growing the mycelium was sepa-

rated from the biomass. Ethyl acetate (2:1 by vo-

lume) was added to the culture fluid to concentrate 

the antimicrobial substances, and the mixture was 

shaken vigorously for 10 min and left for 20 h at a 

temperature of 4 C. Then the ethyl acetate layer 

was removed, evaporated on a rotary evaporator 

to dryness. The precipitate was dissolved in 70% 

ethanol. The solution of the obtained concentrate 

(10 μl) was applied to standard disks of Bio Me-

rieux firm (6 mm in diameter), dried at 40 C for 

30 min, and placed on the surface of Mueller–
Hinton agar seeded with test culture.  

Taking into account the amount of concen-

trate applied to the disk in each sample was 

0,10 mg of biologically active substances. 

The mycelial mass was dried to constant 

weight at a temperature of 60 C. Aqueous-

alcoholic 70% extract was prepared at the rate of 

20 mg of mycelial mass per 1 ml of solvent. The 

mycelial mass was crushed, the extraction was per-

formed on an ultrasonic bath at a temperature of 

40 C for 30 min, left for a day in a refrigerator at 

a temperature of 4 C, then filtered, centrifuged for 

20 min at 13500 g. 
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Bacterial test organisms. Daily bacterial cul-

tures from the Collection of the Department of 

Biotechnology and Microbiology of the National 

University of Food Technologies (Kyiv, Ukraine) 

were used as test cultures: Staphylococcus aureus 
(B-918), Pseudomonas aeruginosa (B-900), Escheri-
chia coli (B-906), Bacillus subtilis (B-901), Klebsiella 
pneumonia (M-123), which were pre-grown in tubes 
on Mueller–Hinton slope agar medium (Oxoid). 

Several same-type clearly isolated colonies of bac-

teria were selected for inoculum preparation. A 

small amount of material from the tops of the co-

lonies was transferred by microbiological loop into 

a test tube with sterile physiological saline, shaken 

to obtain a homogeneous suspension, bringing the 

inoculum density to exactly 0.5 according to the 

McFarland standard (5·106 cells/ml) Mc Farland 

(No: 0.5) standard. Use the inoculum within 15 min 

after preparation. A suspension of bacteria in an 

amount of 0.2 ml was evenly applied to the surface 

of the Mueller-Hinton agar medium (Oxoid).  

Performing of antibacterial screening test. In the 

study of mycelial mass and culture fluid antibiotic 

activity, disk diffusion method (DDM) was used [11]. 

Standard sterile disks were impregnated with ex-

tract samples, placed on the surface of Mueller-

Hinton agar seeded with test culture. The cultures 

were incubated at 37 C for 24 h. Next, the zone 

of microorganisms' growth inhibition was deter-

mined. The results were evaluated by the diameter 

of the growth retardation zones around the disk: no 
growth retardation zone – the test culture is not 

sensitive to this specimen concentration; the di-

ameter of the growth retardation zone is less than 
10 mm – moderate sensitivity of culture to the gi-

ven specimen concentration; the diameter of the 
growth retardation zone is more than 10 mm – 

high sensitivity of the test culture to this specimen 

concentration. 

Gentamycin sulphate (40 mg/ml), Ukraine, 

was used as a positive control. Gentamycin sul-

phate is a broad-spectrum aminoglycoside antibiot-

ic. It has a bactericidal effect. Actively penetrating 

the cell membrane of bacteria, it irreversibly binds 

to the 30S subunit of bacterial ribosomes and, 

thus, inhibits the synthesis of the pathogen protein. 

In vitro tests confirmed its high activity against 

aerobic gram-negative bacteria: Escherichia coli, 
Klebsiella spp., Pseudomonas aeruginosa, Shigella 
spp., Salmonella spp., Enterobacter spp., Serratia 
spp., Proteus spp., Acinetobacter spp. It is also ac-

tive against aerobic gram-positive cocci: Staphylo-
coccus spp. (including resistant to penicillins and 

other antibiotics), some strains of Streptococcus spp. 

Ethyl acetate for culture fluid extracts and 

ethanol for mycelial mass were used as a negative 

control. 

Statistical processing methods. To obtain relia-

ble results, experimental studies, depending on the 

conditions of analysis and the requirements of ma-

thematical planning, were performed in 3 repli-

cates. After register the studied indicators, their re-

liable values were calculated by statistical methods 

of analysis and found the following indicators: the 

values of standard deviations, coefficients of varia-

tion, confidence intervals. The tables show the ave-

rage statistically significant data with a 95% proba-

bility. Statistical processing of the obtained results 

was performed using an application program for 

working with spreadsheets Microsoft Office Excel 

2003, 2013 (Microsoft Corporation, USA).  

Results 

The study of F. officinalis strains IBK-5004, 

IBK-2497, IBK-2498 antimicrobial activity of cul-

ture fluid ethyl acetate extracts and mycelial mass 

aqueous-ethyl extracts against gram-positive Staphy-
lococcus aureus (B-918), Bacillus subtilis (B-901) 

and gram-negative Escherichia coli (B-906), Pseudo-
monas aeruginosa (B-900), Klebsiella pneumoniae 
(M-123) bacteria by DDM was conducted.  

During the experiment it was found that all 

studied F. officinalis strains under these cultivation 

conditions and in the presence of satisfactory 

growth did not show antimicrobial activity against 

test organisms: Escherichia coli, Pseudomonas aeru-
ginosa, Bacillus subtilis. 

Antimicrobial activity of mycelial mass and 

culture fluid extracts was detected against gram-

positive bacteria Staphylococcus aureus and gram-

negative bacteria Klebsiella pneumoniae (Table 2, 

Figs. 1, 2). In relation to Staphylococcus aureus, 
high antimicrobial activity of culture fluid extracts 

was detected on the 21st day of cultivation, on the 
28th day it reached a maximum – the growth retar-

dation zone was 15–24 mm (Table 2). The highest 

rates were found in F. officinalis IBK-5004 (20–

24 mm) (Fig. 1b) and IBK-2498 (20–23 mm) strains. 

Water-alcohol extracts of mycelial mass showed 

weak antimicrobial activity after 14 days of cultiva-

tion (7-8 mm). However, in strains IBK-5004 and 

IBK-2498 on the 21st and 28th day of cultivation the 

growth retardation zone for Staphylococcus aureus 
exceeded the positive control values (Table 2). 

Antimicrobial activity against Klebsiella pneu-
moniae in culture fluid extracts of F. officinalis 
IBK-5004, IBK-2497, IBK-2498 strains was mani-
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Table 2: Antimicrobial activity of culture fluid ethyl acetate extracts and mycelial mass 70% water-alcohol extracts of strains from 
mushroom culture collection (IBK )  

Species, strain 
Cultivation 

day 

Microorganisms culture  

Staphylococcus aureus Klebsiella pneumonia 

Cultural fluid 

Diameter of microorganisms' growth retardation zone, mm 

  Ethyl acetate extract of the culture fluid 

Fomitopsis 
оfficinalis,  
ІВК-5004 

7 0 ± 0 0 ± 0 

14 6.1 ± 0.2 0 ± 0 

21 20.3 ± 0.3 8.2 ± 0.1 

28 24.1 ± 0.4 18.1 ± 0.3 

Control+ 18 ± 0.1 16 ± 0.1 

Control 0 ± 0 0 ± 0 

Fomitopsis 
оfficinalis,  
ІВК-2497 

7 0 ± 0 0 ± 0 

14 7.5 ± 0.4 0 ± 0 

21 15.2 ± 0.3 9.4 ± 0.3 

28 19.4 ± 0.5 15.3 ± 0.1 

Control+ 18.8 ± 0.1 16.7 ± 0.4 

Control 0 ± 0 0 ± 0 

Fomitopsis 
оfficinalis,  
ІВК-2498 

7 0 ± 0 0 ± 0 

14 6.1 ± 0.1 0 ± 0 

21 20.3 ± 0.3 8.0 ± 0.1 

28 23.1 ± 0.2 11.5 ± 0.3 

Control+ 18.8 ± 0.1 16.7 ± 0.1 

Control 0 ± 0 0 ± 0 

  Water-alcohol extract of mycelial mass 

Fomitopsis 
оfficinalis,  
ІВК-5004 

7 0 ± 0 0 ± 0 

14 8.1 ± 0 8.2 ± 0.2 

21 20.1 ± 0.3 10.1 ± 0.3 

28 25.3 ± 0.2 12.2 ± 0.3 

Control+ 18.8 ± 0.1 16.7 ± 0.1 

Control 0 ± 0 0 ± 0 

Fomitopsis 
оfficinalis,  
ІВК-2497 

7 0 ± 0 0 ± 0 

14 7.1 ± 0.3 7.1 ± 0 

21 15.4 ± 0.2 10.2 ± 0.2 

28 22.1 ± 0.3 15.2 ± 0.5 

Control+ 18.8 ± 0.1 16.7 ± 0.1 

Control 0 ± 0 0 ± 0 

Fomitopsis 
оfficinalis,  
ІВК-2498 

7 0 ± 0 0 ± 0 

14 7.3 ± 0.2 8.4 ± 0.2 

21 20.4 ± 0.2 14.2 ± 0.2 

28 24.1 ± 0.4 22.3 ± 0.5 

Control+ 18.8 ± 0.1 16.7 ± 0.1 

Control 0 ± 0 0 ± 0 

Notes. "Control+" – antifungal-antibiotic solution Gentamycin sulphate. "Control" – ethyl acetate for experiment with culture flu-

id, ethanol for experiment with mycelial mass. Growth retardation zone absence – the test culture is not sensitive to a given con-

centration of the specimen; the diameter of the growth retardation zone is less than 10 mm – the culture is moderately sensitive to 

a given concentration of the specimen; the diameter of the growth retardation zone is more than 10 mm – high sensitivity of the 

test culture to a given concentration of the specimen. 

 

fested on the 21st and 28th day of cultivation. The 

highest antimicrobial activity against Klebsiella 
pneumoniae was found in the culture fluid of the 

F. officinalis strain IBK-5004, the diameter of the 

growth retardation zone was 18 mm on the 28th day 

of cultivation (Table 2, Fig. 1a). 

In contrast to the culture fluid, the mycelial 

mass extracts showed moderate activity on the  

14th day of cultivation (7-8 mm), the maximal ac-

tivity was recorded on the 28th day (12–22 mm). 

The most active strain was Fomitopsis officinalis 
IBK-2498 (Fig. 2b). 
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a b a b 

Figure 1: Antibacterial activity of ethyl acetate extract of Fomi-
topsis officinalis IBK-5004 culture fluid against: (a) Klebsiella 
pneumonia (negative control, the 14th, 21st, 28th days of cultiva-
tion); (b) antibacterial activity of ethyl acetate extract of Fomi-
topsis officinalis IBK-5004 culture fluid against Staphylococcus 
aureus (negative control, the 14th, 21st, 28th days of cultivation) 

Figure 2: Antibacterial activity of ethyl acetate extract of Fomi-
topsis officinalis IBK-2498 mycelial mass against: (a) Staphylo-
coccus aureus (negative control, the 14th, 21st, 28th days of cul-
tivation); (b) antibacterial activity of ethyl acetate extracts of 
Fomitopsis officinalis IBK-2498 mycelial mass against Klebsiella 
pneumonia (negative control, the 14th, 21st, 28th days of cultivation) 

 

Discussion 

The antibiotic formation process is related to 

the general metabolic processes in fungal cells. 

Antibiotic biosynthesis occurs in the slow growth 

phase of the culture (the trophophase end) and 

reaches a maximum in the stationary growth phase. 

During this period, the culture fluid is enriched 

with metabolic products and cell autolysis prod-

ucts, there is an intensive biosynthesis process and 

maximum antibiotics accumulation. In the process 

of fungal culture active growth, the cells enzymatic 

status changes, inducers of secondary metabolism 

appear and induce mechanisms that inhibit cell 

proliferation and active growth, stressful situations, 

activate the antibiotic formation process. 

The biological activity of many secondary me-

tabolites which F. officinalis is able to synthesize 

has been experimentally proven [14, 15, 16, 22, 23, 

26, 27]. It should be noted that polyresistant myco-

bacteria, which have been shown to be resistant to 

two major anti-tuberculosis drugs, isoniazid and ri-

fampicin, are of particular concern. It has been ex-

perimentally proven that tinder fungus extracts show 

high antibacterial activity against the pathogenic 

bacterium Mycobacterium tuberculosis [7, 12, 28, 

29], bactericidal activity against Bacillus anthracis, 
B. subtilis, bacteriostatic activity against Micrococcus 
luteus and bacteriolytic to Vibrio species [12, 14–

16]. High antibacterial activity of agaricic acid and 

lanostane triterpenoids synthesized by F. officinalis 
in the process of metabolism has been established 

[14, 27, 30]. In the German and Swedish pharma-

copoeia, agaricic acid is a part of the drugs used in 

the treatment of patients with tuberculosis [14]. 

According to Airapetova et al. (2010) lipid fraction 

from the F. officinalis fruiting body has a prono-

unced antimicrobial effect against gram-positive cocci 

of the genus Staphylococcus: Staphylococcus aureus 
(21–25 mm), Staphylococcus epidermidis (22 mm), 

gram-negative microorganisms Shigella and spo-

re-forming microorganisms of the genus Bacillus: 
Bacillus subtilis (17 mm), Bacillus anthracoides 
(17 mm). In our experiment, antimicrobial activity 

against Bacillus subtilis was absent. It can be as-

sumed that the studied strains have a low level of 

antimicrobial substances biosynthesis (below the 

sensitivity of the applied detection method) and in 

the future it is necessary to increase the terms and 

to change conditions of cultivation.  

Methicillin-resistant Staphylococcus aureus 
(MRSA) is a multidrug-resistant Staphylococcus 
aureus that causes nosocomial and community-

acquired infections. MRSA infections today pose a 

serious health care problem [6, 31–34]. It is im-

portant to note that the strains studied by us syn-

thesize biologically active substances that are able 

to overcome resistance to methicillin-resistant Sta-
phylococcus aureus and are effective against the test 

bacterium Klebsiella pneumoniae, which is charac-

terized by a significant variety of antibiotic resis-

tance spectra. The variability of Klebsiella species 

resistance to existing antimicrobial drugs and the 

emergence of strains resistance genes dangerous for 

the spread confirms the need for continuous moni-

toring of infectious agents' antibiotic resistance with 

analysis of their resistance mechanisms, as well as 

new producers of antimicrobial substances finding.  



Innov Biosyst Bioeng, 2021, vol. 5, no. 4                                                                                                                                                 225 

                                                                                                                                        225  

Conclusions 

Thus, it has been found that all studied strains 

of F. officinalis (IBK-5004, IBK-2497, IBK-2498) 

are able to synthesize substances that inhibit the 

growth of individual test organisms (Staphylococcus 
aureus and Klebsiella pneumoniae). It was found that 

extracts of both culture fluid and mycelial mass 

show high antibacterial activity against Staphylo-
coccus aureus. The studied cultures of F. officinalis 

have the potential as producers of antimicrobial 

substances that overcome these forms of bacteria 

drug resistance, i.e. those forms of resistance, the 

spread of which is of greatest concern to specialists. 

Funding 

This work was financed by the National Aca-

demy of Sciences of Ukraine (the theme State 

Registration Numbers 0115U002001, 0118U003812). 

References  

[1] Mulani MS, Kamble EE, Kumkar SN, Tawre MS, Pardesi KR. Emerging strategies to combat ESKAPE pathogens in the era 

of antimicrobial resistance: A review. Front Microbiol. 2019;10:539. DOI: 10.3389/fmicb.2019.00539 

[2] Tacconelli E, Carrara E, Savoldi A, Harbarth S, Mendelson M, Monnet DL, et al. Discovery, research, and development of 

new antibiotics: the WHO priority list of antibiotic-resistant bacteria and tuberculosis. Lancet Infect Dis. 2018;18(3):318-27. 

DOI: 10.1016/S1473-3099(17)30753-3 

[3] Agrawal DC, Dhanasekaran M, editors. Medicinal mushroom. Recent progress in research. 1st ed. Springer; 2019. 438 p. 

DOI: 10.1007/978-98-13-6382-5 

[4] Wasser SP. Medicinal mushroom science: History, current status, future trends, and unsolved problems. Int J Med Mush-

rooms. 2010;12(1):1-16. DOI: 10.1615/IntJMedMushr.v12.i1.10 

[5] Wasser SP. Medicinal mushroom science: current perspectives, advances, evidences, and challenges. Biomed J.  

2014;37(6):345-56. DOI:10.4103/2319-4170.138318 

[6] Wu L, Wu ZC, Todosiichuk TS, Korneva OM. Nosocomial infections: pathogenicity, resistance and novel antimicrobials. 

Innov Biosyst Bioeng. 2021;5(2):73-84. DOI: 10.20535/ibb.2021.5.2.228970  

[7] Sidorenko ML, Buzoleva LS. Search for new types of raw materials for antibacterial drugs. Antibiotics Chemother. 

2012;57(6):7-10. 

[8] Suay I, Arenal F, Asensio FJ, Basilio A, Cabello MA, Diez MT, Garcia JB, et al. Screening of Basidiomycetes for antimi-

crobial activites. Antonie Van Leeuwenhoek. 2000;78(2):129-40. DOI: 10.1023/A:1026552024021 

[9] Rosa LE, Machado KMG, Jacob CC, Capelari M, Rosa CA, Zani CL. Screening of Brazilian Basidiomycetes for antimi-

crobial activity. Mem Inst Oswaldo Cruz Rio de Janerio. 2003;98(7):967-74. DOI: 10.1590/s0074-02762003000700019 

[10] Zjawiony JK. Biologically active compounds from aphyllophorales (polypore) fungi. J Nat Prod. 2004;67(2):300-10. 

DOI: 10.1021/np030372w 

[11] Dyakov MY, Kamzolkina OV, Shtaer OV, Bisko NA, Poyedinok NL, Mykchaylova OB. Morphological characteristics of 

natural strains of certain species of basidiomycetes and biological analysis of antimicrobial activity under submerged cultural 

conditions. Microbiology. 2011;80(2):274-85. DOI: 10.1134/S0026261711020044  

[12] Hwang CH, Jaki BU, Klein LL, Lankin DC, McAlpine JB, Napolitano JG. Chlorinated coumarins from the polypore mush-

room Fomitopsis officinalis and their activity against Mycobacterium tuberculosis. J Nat Prod. 2013;76(10):1916-23. 

DOI: 10.1021/np400497f 

[13] Grienke U, Zöll M, Peintner U, Rollinger JM. European medicinal polypores – A modern view on traditional uses. J Ethno-

harmacol. 2014;154(3):564-83. DOI: 10.1016/j.jep.2014.04.030 

[14] Girometta C. Antimicrobial properties of Fomitopsis officinalis in the light of its bioactive metabolites: a review. Mycology. 

2019;10(1):32-9. DOI: 10.1080/21501203.2018.1536680 

[15] Muszyńska B, Fijałkowska A, Sułkowska Ziaja, K, Włodarczyk A, Kaczmarczyk P, Nogaj E, et al. Fomitopsis officinalis: a species of 

arboreal mushroom with promising biological and medicinal properties. Chem Biodivers. 2020;17(6). DOI: 10.1002/cbdv.202000213 

[16] Airapetova AY, Gavrilin MV, Dmitriev AB, Mezenova TD. Examination of the structure of agaricinic acid using 1H and 13C 

NMR spectroscopy. Pharma Chem J. 2010;44(9):510-3. DOI: 10.1007/s11094-010-0505-7 

[17] Feng W, Yang JS. A new drimane sesquiterpenoid and a new triterpenelactone from fungus of Fomes officinalis. J Asian Natl 

Prod Res. 2015;17(11):1065-72. DOI: 10.1080/10286020.2015.1054378 

[18] Naranmandakh S, Murata T, Odonbayar B, Suganuma K, Batkhuu J, Sasaki K. Lanostane triterpenoids from Fomitopsis 

officinalis and their trypanocidal activity. J Natl. Med. 2018;72(2):523-9. DOI: 10.1007/s11418-018-1182-1 

[19] Vedenicheva NP, Al-Maali GA, Mytropolska NY, Mykchaylova OB, Bisko NA, Kosakivska IV. Endogenous cytokinins in 

medicinal Basidiomycetes mycelia biomass. Biotechnologia Acta. 2016;9(1):55-63. DOI: 10.15407/biotech9.01.055 



226                                                                                                              Innov Biosyst Bioeng, 2021, vol. 5, no. 4 

  

[20] Vedenicheva N, Al-Maali G, Bisko N, Lomberg M, Mytropolska N, Mykchaylova OB, et al. Cytokinins comparative analysis 

in mycelial biomass of medicinal mushrooms. Int J Med Mushrooms. 2018;20(9):837-47. 

DOI: 10.1615/IntJMedMushrooms.2018027797 

[21] Golovchenko VV, Naranmandakh S, Ganbaatar J, Prilepskii AY, Burygin G L, Chizhov AO, et al. Structural investigation 

and comparative cytotoxic activity of water-soluble polysaccharides from fruit bodies of the medicinal fungus quinine conk. 

Phytochemistry. 2020;175:112313. DOI: 10.1016/j.phytochem.2020.112313 

[22] Fijałkowska A, Muszyńska B, Sułkowska-Ziaja K, Kała K, Pawlik A, Stefaniuk D, et al. Medicinal potential of mycelium and 

fruiting bodies of an arboreal mushroom Fomitopsis officinalis in therapy of lifestyle diseases. Sci Rep. 2020;10(1):1-12. 

DOI: 10.1038/s41598-020-76899-1 

[23] Shi ZT, Bao HY, Feng S. Antitumor activity and structure activity relationshipof seven lanostane-type triterpenes from Fomi-

topsis pinicola and F. officinalis. China J Chin Mater Med. 2017;42(5):915-22. DOI: 10.19540/j.cnki.cjcmm.20170121.017 

[24] Lima VN, Oliveira-Tintino CD, Santos ES, Morais LP, Tintino SR, Freitas TS, et al. Antimicrobial and enhancement of 

the antibiotic activity by phenolic compounds: Gallic acid, caffeic acid and pyrogallol. Microb Pathogen. 2016;99:56-61. 

DOI: 10.1016/j.micpath.2016.08.004 

[25] Bisko N, Lomberg M, Mykchaylova O, Mytropolska N. IBK Mushroom Culture Collection. Version 1.2. The IBK Mu-

shroom Culture Collection of the M.G. Kholodny Institute of Botany [Data file]. M.G. Kholodny Institute of Botany; 2020 

[cited 2021 Dec 1]. Available from: https://doi.org/10.15468/dzdsqu 

[26] Meng X, Liang H, Luo L. Antitumor polysaccharides from mushrooms: A review on the structural characteristics, antitumor 

mechanisms and immunomodulating activities. Carbohydr Res. 2016;424:30-41. DOI: 10.1016/j.carres.2016.02.008 

[27] Gromovykh TI, Gavryushina IA, Sadykova VS, Feldman NB, Dmitrenok AS, Ayrapetova AY, et al. Obtaining immobilized 

mycelium of basidiomycete Fomitopsis officinalis (Vill.:Fr.) Bond. et Sing., Producer of Agaricic Acid. Antibiotics Chemother. 

2018;63(9-10):3-9. 

[28] Gargano ML, Van Griensven LJ, Isikhuemhen OS, Lindequist U, Venturella G, Wasser SP, Zervakis GI. Medicinal mushrooms: 

Valuable biological resources of high exploitation potential. Plant Biosyst. 2017;151(3):548-65. DOI: 10.1080/11263504.2017.1301590 

[29] Oorchak US. Biological activity of extracs Fomitipsis officinalis. Bull Samara Sci Center Russ Acad Sci. 2018;20(2):130-35. 

[30] Han J, Li L, Zhong J, Tohtaton Z, Ren Q, Han L. Officimalonic acids A−H, lanostane triterpenes from the fruiting bodies of 

Fomes officinalis. Phytochemistry. 2016;130:193-200. DOI: 10.1016/j.phytochem.2016.05.004 

[31] Yang W, Liu J, Blažeković B, Sun Y, Ma S, Ren C, et al. In vitro antibacterial effects of Tanreqing injection combined with 

vancomycin or linezolid against methicillin-resistant Staphylococcus aureus. BMC Complement Altern Med. 2018 May 

30;18(1):169. DOI: 10.1186/s12906-018-2231-8 

[32] Monaco M, de Araujo FP, Cruciani M, Coccia EM, Pantosti A. Worldwide epidemiology and antibiotic resistance of Staphy-

lococcus aureus. In: Bagnoli F, Rappuoli R, Grandi G, editors. Staphylococcus aureus. Current topics in microbiology and 

immunology, vol 409. Cham: Springer. DOI: 10.1007/82_2016_3 

[33] World Health Organization. Antimicrobial resistance: global report on surveillance 2014. Geneva: WHO; 2014. 

[34] The biggest antibiotic-resistant threats in the U.S. [Internet]. Centers for Disease Control and Prevention. 2021 [cited 2021 Dec 1]. 

Available from: https://www.cdc.gov/drugresistance/biggest-

threats.html?CDC_AA_refVal=https%3A%2F%2Fwww.cdc.gov%2Fdrugresistance%2Fbiggest_threats.html 

О.Б. Михайлова
1
, Н.Л. Поєдинок

2,3
 

1
Інститут ботаніки ім. М.Г. Холодного НАН України, Київ, Україна 

2
КПІ ім. Ігоря Сікорського, Київ, Україна 

3
Інститут харчової біотехнології та геноміки НАН України, Київ, Україна 

АНТИМИКРОБНА АКТИВНІСТЬ FOMITOPSIS OFFICINALIS (VILL.) BONDARTSEV & SINGER У ЧИСТІЙ КУЛЬТУРІ 

Проблематика. За даними Всесвітньої організації охорони здоров’я, стійкість до антибіотиків входить до десятки найбільших 
загроз для здоров’я людей, розвитку та продовольчої безпеки людства. Сьогодні резистентність до антибіотиків досягла над-
звичайно високих рівнів у всьому світі. Своєю чергою збільшення виробництва синтетичних ліків призвело до швидкої адаптації 
патогенної мікобіоти до створених хімічних препаратів, які мають вузьку спрямованість до застосування. Саме тому в сучасній 
біотехнології та фармакології значна увага приділяється природним продуцентам біологічно активних сполук, зокрема ксило-
трофним грибам. Експериментально доведено, що ксилотрофний макроміцет Fomitopsis officinalis, або трутовик лікарський, 
можна вважати перспективним продуцентом фармакологічних речовин широкого спектра дії. Актуальними залишаються дослі-
дження активних метаболітів, які містяться у міцеліальній масі, культуральній рідині лікарського ксилотрофного макроміцета 
Fomitopsis officinalis, та визначення їх біологічної дії. 
Мета. Визначення антимікробної активності екстрактів культуральної рідини та міцеліальної маси різних штамів Fomitopsis 
officinalis із колекції культур шапинкових грибів Інституту ботаніки ім. М.Г. Холодного НАН України (ІВК) відносно грам-
негативних та грам-позитивних видів бактерій. 
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Методика реалізації. Проведено дослідження in vitro антимікробної активності етилацетатних екстрактів культуральної рідини 
та водно-етилових екстрактів міцеліальної маси для штамів F. officinalis ІВК-5004, ІВК-2497, ІВК-2498 проти грам-позитивних 
Staphylococcus aureus (В-918), Bacillus subtilis (В-901) та грам-негативних Escherichia coli (В-906), Pseudomonas aeruginosa 
(В-900), Klebsiella pneumoniae (М-123) бактерій диско-дифузійним методом. 
Результати. Встановлено високу антимікробну активність екстрактів культуральної рідини та міцеліальної маси трутовика лі-
карського щодо Staphylococcus aureus (золотистого стафілококу) після 21-ї доби культивування, на 28-му добу зона затримки 
росту була максимальною – 15–25 мм. Найвищі показники фіксували у штамів F. officinalis ІВК-5004 (20–25 мм) та ІВК-2498 
(20–24 мм). Антимікробна активність відносно Klebsiella pneumoniae в екстрактів культуральної рідини проявлялась на 21-шу і 
28-му добу культивування. Найвищу антимікробну активність щодо Klebsiella pneumoniae виявила культуральна рідина штаму 
F. officinalis ІВК-5004, діаметр зони затримки росту – 18 мм на 28-му добу культивування. Екстракти міцеліальної маси виявили 
помірну активність на 14-ту добу культивування (7-8 мм), максимальну активність фіксували на 28-му добу (12–22 мм). Найак-
тивнішим виявився штам Fomitopsis officinalis ІВК-2498. Не виявлено антимікробної активності в досліджених штамів до тест-
організмів: Escherichia coli, Pseudomonas aureginosa, Bacillus subtilis. 
Висновки. Встановлено, що екстракти міцеліальної маси та культуральної рідини штамів F. officinalis ІВК-5004, ІВК-2497, 
ІВК-2498 мають високу антимікробну активність відносно Staphylococcus aureus. Помірну антимікробну активність до Klebsiella 
pneumoniae спостерігали на 21-шу та 28-му добу культивування.  

Ключові слова: стійкість до антибіотиків; біологічно активні речовини; міцелій; міцеліальна маса; культуральна рідина; грам-
негативні бактерії; грам-позитивні бактерії; метод дискової дифузії; антимікробна активність. 
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АНТИМИКРОБНАЯ АКТИВНОСТЬ FOMITOPSIS OFFICINALIS (VILL.) BONDARTSEV & SINGER В ЧИСТОЙ КУЛЬТУРЕ 

Проблематика. По данным Всемирной организации здравоохранения, устойчивость к антибиотикам входит в десятку наи-
больших угроз для здоровья человека, развития и продовольственной безопасности человечества. Сегодня резистентность к 
антибиотикам достигла угрожающе высоких уровней во всем мире. В свою очередь увеличение производства синтетических 
лекарств привело к быстрой адаптации патогенной микобиоты по отношению к синтезированным химическим препаратам, 
имеющим узкую направленность к применению. Именно поэтому в современной биотехнологии и фармакологии значительное 
внимание уделяется природным продуцентам биологически активных соединений, в частности ксилотрофным макромицетам. 
Экспериментально доказано, что ксилотрофный макромицет Fomitopsis officinalis, или трутовик лекарственный, можно считать 
перспективным продуцентом фармакологических веществ широкого спектра действия. Актуальными остаются исследования 
активных метаболитов, содержащихся в мицелиальной массе, культуральной жидкости лекарственного ксилотрофного гриба 
F. officinalis, и определение их биологического действия. 
Цель. Определение антимикробной активности экстрактов культуральной жидкости и мицелиальной массы различных штам-
мов F. officinalis из коллекции культур шляпочных грибов Института ботаники им. Н.Г. Холодного НАН Украины (ІВК) по отноше-
нию к грамотрицательным и грамположительным видам бактерий. 
Методика реализации. Проведено исследование in vitro антимикробной активности этилацетатных экстрактов культуральной 
жидкости и водно-этиловых экстрактов мицелиальной массы для штаммов F. officinalis ІВК-5004, ІВК-2497, ІВК-2498 по отноше-
нию к грамположительным Staphylococcus aureus (В-918), Bacillus subtilis (В-901) и грамотрицательным Escherichia coli (В-906), 
Pseudomonas aeruginosa (В-900), Klebsiella pneumoniae (М-123) бактериям диско-диффузионным методом. 
Результаты. Установлена высокая антимикробная активность экстрактов культуральной жидкости и мицелиальной массы тру-
товика лекарственного относительно Staphylococcus aureus (золотистого стафилококка) после 21 суток культивирования, на 
28-е сутки зона задержки роста была максимальной – 15–25 мм. Высокие показатели фиксировали у штаммов F. officinalis 
ІВК-5004 (20–25 мм) и ІВК-2498 (20–24 мм). Антимикробная активность по отношению к Klebsiella pneumoniae у экстрактов куль-
туральной жидкости проявлялась на 21 и 28-е сутки культивирования. Наивысшую антимикробную активность в отношении 
Klebsiella pneumoniae проявила культуральная жидкость штамма F. officinalis ІВК-5004, диаметр зоны задержки роста – 18 
мм на 28-е сутки культивирования. Экстракты мицеллиальной массы проявили умеренную активность на 14-е сутки культиви-
рования (7-8 мм), максимальную активность фиксировали на 28-е сутки (12–22 мм). Самым активным оказался штамм 
F. officinalis ІВК-2498. Не выявлена антимикробная активность у исследованных штаммов к тест-организмам: Escherichia coli, 
Pseudomonas aeruginosa, Bacillus subtilis. 
Выводы. Установлено, что экстракты мицеллиальной массы и культуральной жидкости штаммов F. officinalis IВК-5004, IВК-2497, 
IВК-2498 обладают высокой антимикробной активностью по отношению к Staphylococcus aureus. Умеренная антимикробная 
активность к Klebsiella pneumoniae наблюдалась на 21 и 28-е сутки культивирования. 
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