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Тhe antifungal activity (AFA) of 4 strains of Trametes gibbosa was 

investigated regarding potentially pathogenic for humans and animals filamentous 
fungi. AFA was evaluated by using 3 approaches: in mutual growing, using 
samples of culture liquid (CL) and mycelial extract (ME). In dual culture partial 
and complete overgrowth reactions on test fungi by T. gibbosa were observed. 
The CL and ME samples inhibited the growth rate of mycelia of test fungi up to 
55.6% and 29.7% respectively. Thus, the T. gibbosa collections, especially CL 
samples, possess AFA against studied filamentous fungi and are perspective for 
further research as a source of antimycotic compounds. 
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Introduction. Nowadays, due to the deterioration of ecology, exposure of 

stresses and different infections, fungal diseases are enlarged. Use of different 
antibiotics, hormones and other drugs weaken human immune-system and it 
promotes the development of mycosis. Due to toxicity and side effects of existing 
antifungal drugs today, as well as the development of resistances against them by 
filamentous fungi, searching new, nontoxic for organism antifungal preparations 
with natural origin becomes necessary [1].  

At present attention of scientists are aimed on higher fungi, particularly on 
tinder mushrooms (Basidiomycota, Polyporales), which are easily cultivated, 
undemanding to the medium, fast growing and forming fruiting body on culture. It 
is known that many species of polypore mushrooms produce bioactive compounds 
(polysaccharides, terpenoids, phenols, etc.), which have immune-modulating, 
anticancer, antibacterial, antifungal etc. effects [2, 3]. Among bioactive compounds 
produced by polypores, the antifungal effect was mainly reported for terpenoids 
(tri- and sesquiterpenes) and phenolics [4].  

Polypore species from genus Trametes such as T. versicolor (L.) Lloyd, T. 
zonata (Nees) Pilát, T. hirsuta (Wulfen) Lloyd and T. gibbosa (Pers.) Fr., possess 
antibacterial, antioxidant, immune-modulating, antivirus and hypoglycemic 
properties [5–7].  
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There is some information about the antifungal activity (AFA) of different 
species of genus Trametes against pathogenic fungi. Thus, T. versicolor inhibits the 
growing of Botrytis cinerea, Fusarium oxysporum and Mucor miehei phytopatho-
genic fungi [8], as well as the methanol extracts of fruiting bodies of T. versicolor 
and T. hirsute show AFA against Aspergillus fumigatous, Aspergillus niger, 
Aspergillus flavus and Penicillium sp. pathogenic for humans and animals 
filamentous fungi [9, 10].  

In our previous experiments T. gibbosa, T. hirsuta, T. trogii, T. ochracea,    
T. versicolor and T. villosa species shown AFA against Chrysosporium keratinophilum, 
Microsporum gypseum, Trichophyton terrestre, Penicillium griseofulvum potentially 
pathogenic for humans and animals filamentous fungi in dual culture conditions [11].  

Thus, screened Trametes collection was considered to be a potential source of 
antifungal compounds and it was decided to enlarge the experiments by studying 
the antifungal activity of cultural liquid and mycelial extract samples of the 
collection. 

Materials and Methods. In this study we investigated the antifungal activity 
of 4 strains of T. gibbosa having different origin. T. gibbosa is widely distributed in 
Armenia in all floristic regions. It is habitat on dead deciduous trees and cause 
white-rod [12, 13]. Carpophores are semicircular often with a hump, single or in 
groups, upper surface downy at first later smooth, greyish-white, sometimes 
greenish due to the growth of algae among the surface hairs [13]. 

 
T a b l e  1  

 
Studied collections of T. gibbosa and filamentous fungi 

 

Species Strains Origin Substrate 
Tg-I-1 France, 2002 oak 

Tg-1020 Iran, 2008 beech 
Tg-2 Armenia, 2014 oak stamp T. gibbosa 

Tg-3 Armenia, 2015 ash stamp 
Filamentous fungi 

Chrysosporium keratinophilum Chk-1430 Armenia, 2000 soil 
Microsporum gypseum Mg-842 Armenia, 2001 soil 
Trichophyton terrestre Trt-931 Armenia, 2000 soil 
Penicillium griseofulvum Peg-1 Armenia, 2000 soil 

 
Four species (Chrysosporium keratinophilum, Microsporum gypseum, 

Trichophyton terrestre and Penicillium griseofulvum) of potentially pathogenic for 
humans and animals filamentous fungi isolated from soils of Armenia were tested 
[14] (Tab. 1). 

AFA was evaluated by agar (potato dextrose agar, PDA) diffusion method 
by 3 approaches: in mutual growing, using samples of culture liquid (CL) and 
mycelial extract (ME). 

The dynamics of the relationships of interacted organisms were evaluated by 
contacting the developed scale, which includes 3 types and 4 subtypes of reactions 
[15, 16]: A and B are mutual deadlock at the contact and at the distance, C is 
overgrowth without deadlock; CA1 and CA2 are partial and complete overgrowth 
after deadlock at the mycelial contact; CB1 and CB2 are partial and complete 
overgrowth after initial deadlock at a distance. The morphological changes 
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(pigmentation of mycelia and agar, formation of demarcation line, secretion of 
exudate drops at the contact, etc.) in interacted colonies were described as well.  

To study the AFA of CL samples, they were added in the PDA (1/1v/v) and were 
spilled into Petri dishes (25 mL on each). Then test fungi were inoculated and during 
5 days the growth rate indicators of mycelia and morphological changes (present or 
absents of pigmentation, inhibition of sporulation, etc.) of colonies were recorded. 

AFA of ME samples were studied by agar diffusion method on PDA. Paper 
discs (5 mm) were wetted with 4.0% (diluted in DMSO) ME of T. gibbosa and 
were placed on agar, around already formed colonies of test fungi. AFA was 
evaluated by the degree of formation of the sterile zone or a rare growth area on the 
edge of colonies around the discs. 

Diameter of the colony was measured daily until the interaction (dual 
culture) or during 7 days (under the influence of CL and ME). Mycelial growth rate 
(GR; millimeters per day) indicators were calculated according to the formula:               
GR = D/T, where D is the diameter of the colony during T time. Average GR 
indicators (GRavr) were calculated from obtained GR data.   

GR parameters were statistically analyzed using the SLOPE algorithm 
(Microsoft Excel; Microsoft Corp., Redmond, WA, USA). 

Results and Discussion. In dual culture only overgrowth reactions by              
T. gibbosa were described (complete CA2 and partial CB1). During interaction with 
T. terrestre, M. gypseum and C. keratinophilum all strains of T. gibbosa completely 
overgrowth on test fungi after mutual deadlock at the contact (type CA2). The 
exception was the French strain Tg-I-1, which showed the reaction of partial 
overgrowth after deadlock at the distance (type CB1), against T. terrestre and        
C. keratinophilum, while in interaction with P. griseofulvum all studied collection 
of  T. gibbosa showed partial overgrew (type CB1) reaction (Tab. 2). 

Thus, in 16 cases of interactions the reactions of complete overgrowth 
composed 62.5% and the reactions of partial overgrowth were 37.5%. During the 
experiment overgrowth by tested fungi was not seen.  

 
T a b l e  2  

 
Type of antagonistic reactions during interaction with filamentous fungi 

 
Strain T. terrestre M. gypseum C. keratinophilum P. griseofulvum 

Tg-I-1 CB1 CA2 CB1 CB1 
Tg-2 CA2 CA2 CA2 CB1 
Tg-3 CA2 CA2 CA2 CB1 
Tg-1020 CA2 CA2 CA2 CB1 

 
During interactions the decreasing of growth rate indicators was detected in 

collection of T. gibbosa (up to 25.0%) and to a lesser extent in test fungi (up to 13.0%).  
During mutual growing at the contact zone in collection of T. gibbosa sealing 

of mycelia, formation of mycilial pillow/knoll and the presence of exudate drops 
were described, while in filamentous fungi only the lesion of colonies edges were seen. 

Mushrooms need antibacterial and antifungal compounds to survive in 
natural environments. Thus antifungal compounds with different activities could be 
isolated from many mushrooms and could be beneficial for humans [4]. In dual 
culture condition studied collection of T. gibbosa show high antagonistic activity 
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against tested filamentous fungi, which establish a base to continue researches for 
understanding the behavior of antifungal agents. For this purpose the CL and ME 
samples were tested.  
 

 
 
Fig. 1. Types of interaction  between T. gibbosa and filamentous fungi in dual culture. 
Partial overgrowth after mutual deadlock at the distance (type CB1) by Tg-1020 (a) and         
Tg-3 (b)  in  P. griseofulvum.  Completely  overgrowth after mutual deadlock at the contact  

(type CA2) by Tg-1020  in C. keratinophilum (c)  and  by Tg-2  in  M. gypseum (d). 
 

CL samples inhibited the growth rate GRavr of all tested fungi by different 
degrees. Thus, the growth rate indicators of M. gypseum were decreased from 12.5 
to 27.3%, T. terrestre were decreased from 33.3 to 55.65%, C. keratinophilum 
were decreased from 13.3 to 45.3% and P. griseofulvum were decreased from 5 to 
18.5% comparison with controls. All tested strains of T. gibbosa were active 
against T. terrestre, while against other test fungi higher activities show CL 
samples of Tg-2 and Tg-3 strains (Tab. 3). In all tested fungi the lesion of colonies 
edges were seen by the influence of CL samples of  T. gibbosa.     

 
  T a b l e  3  

 
Inhibition effect of CL and ME samples of T. gibbosa on GRavr indicators (%) of test fungi  

 
Strains M. gypseum T. terrestre Ch. keratinophilum P. griseofulvum 

Influence of CL samples  
Tg-I-1 13.6 33.3 36.8 14.8 
Tg-2 27.3 42.6 47.4 18.5 
Tg-3 27.3 55.6 47.4 14.8 
Tg-1020 27.3 42.2 19.4 5.0 

Influence of ME samples 
Tg-I-1 23.8 23.5 19.2 9.1 
Tg-2 23.8 23.5 19.2 13.6 
Tg-3 14.3 23.5 19.2 9.1 
Tg-1020 9.5 23.5 19.2 13.6 

 
ME samples of T. gibbosa, compared with controls, also inhibited the 

growth rate of all tested fungi from 9.1–23.8% (see Figure). In all tested 
filamentous fungi the lesion of colonies edges and in P. griseofulvum pronounced 
inhibition of sporulation were described. 

It was shown that both CL and ME samples of T. gibbosa collection have 
inhibitory activity against tested fungal species, particularly against causing serious 
skin diseases T. terrestre and C. keratinophilum. Duse mycelia of T. gibbosa 
synthesize antifungal metabolites, which are mainly assembled in cultural broth.  
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Conclusion. Studied collection of T. gibbosa, especially CL samples, has a 
strong AFA against potentially pathogenic for humans and animals filamentous fungi. 
Mycelia of T. gibbosa synthesize both extra- and intracellular metabolites with 
antifungal action, and it is promising for further studies to provide antifungal agents.  

The author thanks Professor S.M. Badalyan for critical comments and 
valuable advices. 

This research was supported by SCS RA, the joint Armenian-Russian 
research project № 15RF-064 and grant № RFBR 15-54-05065 Arm. 

 
Received 24.01.2017 

 
 

R E F E R E N C E S  
 

1. Chelela B.L., Chacha M., Matemu A. Antibacterial and Antifungal Activities of Selected 
Wild Mushrooms from Southern Highlands of Tanzania. // American Journal of Research 
Communication, 2014, v. 2, № 9, p. 58–68. 

2. Grienke U., Zöll M., Peintner U., Rollinger J.M. Euopean Medicinal Polypores. A Modern 
View on Traditional Uses. // J. Ethnopharmacol, 2014, v. 154, p. 564–583. 

3. Zjawiony K.J. Biologically Active Compounds from Aphyllophorales (Polypore) Fungi. //       
J. Nat. Pro., 2004, v. 67,  p. 300–310. 

4. Alves J.M., Ferreira I., Dias J., Teixeira V., Martins A., Pintado M. A Review on 
Antifungal Activity of Mushrooms (Basidiomycetes) Extracts and Isolated Compounds. // 
Current Topics in Medicinal Chemistry, 2013, v. 13, p. 2648–2659.  

5. Johnsy G., Kaviyarasana V. Animicrobial and Antioxidant Properties of Trametes gibbosa 
(Pers) Fr. // Journal of Pharmacy Research, 2011, v. 4, № 11, p. 3939. 

6. Petrova R.D., Reznick A.Z., Wasser S.P., Denchev C.M., Nevo E., Mahajna J. Fungal 
Metabolites Modulating NF-kB Activity: An Approach to Canter Therapy and Chemoprevention. 
// Oncology Repous, 2008, v. 19, p. 299–308. 

7. Zhou X., Jiang H., Lin J., Tang K. Cytotoxic Activities of Coriolus Versicolor (Yunzhi) 
Extracts on Human Liver Cancer and Breast Cancer Cell Line. // African Journal of Biotechnology, 
2007, v. 6, № 15, p. 1740–1743. 

8. Schalchi H., Hormazabal E., Becerra J., Birkett M., Alvear M., Vidal J., Quiroz A. 
Antifungal Activity of Volatile Metabolites Emitted by Mycelial Cultures of Saprophytic Fungi. 
// Chemistry and Ecology, 2011, v. 27, № 6, p. 503–513. 

9. Pranitha V., Krishna G., Singara Charja M.A. Evaluation of Antibacterial and Antifungal 
Activity of Fruiting Body Extracts of Trametes Versicolor. // Biolife, 2014, v. 2, № 4, p. 1181–1184. 

10. Sivaprakasam E., Kavitha D.,  Sridhar S., Balakumar R., Kumar J.S. Antimicrobial Activity of 
Whole Fruiting Bodies of Trametes hirsuta (Wulf.: Fr.) Pil. Against Some Common Pathogenic 
Bacteria and Fungus. // Int. J. Pharm. Sci. Drug Res.,  2011, v. 3, № 3, p. 219–221. 

11. Badalyan S.M., Shahbazyan T.A. Antifungal Activity of Different Trametes Collections Аgainst 
Potentially Pathogenic Filamentous Fungi. IMMC8, Manizales, Colombia, 2015, p. 180–181. 

12. Melik-Khachatryan J.H., Martirosyan S.N. Mycoflora of Armenia. Gasteromycetes and 
Aphyllophorales. V. 2. Yer.: YSU Press, 1971.  

13. Phillips R. Mushrooms and Other Fungi of Great Britain and Europe. Pan Books Ltd, London, 
1981, 288 p. 

14. Badalyan S.M., Mouchacca J., Gevorkyan S.A. Keratinophilic Fungi from Armenian Soils.             
I Information. // Probl. Med. Mycology, 2002 a, v. 4, № 1, p. 39–42.  

15. Badalyan S.M., Innocenti G., Gharibyan N.G. Antagonistic Activity of Xylotrophic 
Mushrooms Against Pathogenic Fungi of Cereals in Dual Culture. // Phytopathol. Mediterranea, 
2002 b, v. 41, № 3, p. 220–225.  

16. Badalyan S.M. Screening of Antifungal Activity of Several Basidiomycetus Macromycetes. // 
Probl. Med. Mycology, 2004, v. 6, № 1, p. 18–26.   


