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Introduction 
 

Microorganisms, especially fungi are isolated 

group of organisms, which take place in 

circulation of different, as well as biogenic 

elements in different ecosystems (4, 12, 21). 

The active role of fungi in these processes is 

conditioned by their high fermentative 

activity (1, 3) and with the ability to adapt to 

the physic-chemical and biological change 

parameters of the environment in a very short 

amount of time (4). There by in the process 

time they exit nearly everywhere, even in 

thermal sources, where the temperature is 
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Aim of the present work was to study the species composition of fungi found in 

some thermal springs of Azerbaijan, and to evaluate them according to their 

activity of hydrolytic enzymes. This study shows that in the formation of 

mycobiota of thermal water sources of Azerbaijan, located in Greater Caucasus, 

takes part 22 species of fungi, 77.3% of which belongs to the division of 

Ascomycota, the others belongs to the division of Zygomycota. However, the 

mycobiots of individual thermal water sources are characterized by specific 

communities that differ in both quantitative and qualitative aspects, upon detection 

of which the main role is played the temperature and pH of sources. Many 

enzymes from micromycetes and macromycetes are characterized by relatively 

low thermostability, which is typical of enzymes synthesized for most of the 

mushrooms isolated from the thermal sources of Azerbaijan. However, the 

enzymes synthesized by the fungi Humicola lanuginosa, Mucor corymbifer and 

Mucor pusillus open up new perspectives for the use of their enzymes in various 

biotechnological processes, especially in the bioconversion of plant waste because, 

their enzymes systems are balanced by the activity of all enzymes catalyzing the 

main polymers that including in the composition of plant waste. 
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higher than pasteurization, 70ºC (9). The 

study of fungi, spread in extreme conditions 

as well as in thermal sources is getting more 

attention lately, this is related with the 

clarifying the possibilities of the use of these 

microorganisms as a product of thermostable 

enzymes beside this (17, 19), this kind of 

researches can reveal their trophic relations in 

environmental compartments with high 

temperature gradient. 

 

Thermal springs are widely spread in nature 

as well as in Azerbaijan light now there are 27 

springs in Azerbaijan and they are in 

Azerbaijan part of Great Caucasus Mountain 

Range (12), Lesser Caucasus (3), and Talish 

Mountain Range (12). Different geochemical 

conditions determine the presence of the 

thermal waters of different compositions 

carbon dioxide, hydrogen sulfide, etc. the 

temperature of thermal waters of Azerbaijan 

vary form 32ºC until 64ºC (8). 

 

Despite the fact that some authors consider 

thermal springs a classic habitat for 

thermophilic mycromycetes (19), but the 

study of fungi common in the thermal waters 

of Azerbaijan is still insufficient Since 

received data cannot unambiguous 

characterize neither specific structure, nor the 

enzymatic activity of fungi inhabiting in this 

places. 

 

In this context, in aim of the present work was 

to study to species composition of fungi found 

in some thermal springs of Azerbaijan, and to 

evaluate them according to their activity of 

hydrolytic enzymes. 

 

Materials and Methods 

 

Researches were carried out on thermal water 

springs in the territory of Azerbaijan part of 

Great Caucasus Mountain Range. The choice 

of these areas based on the fact that all of 

these sources are located in mountainous 

areas and in comparison with other sources 

are less susceptible to anthropogenic impacts, 

they are more in a natural form. 

 

In addition, the temperature of examined 

thermal water springs sources varies widely. 

The highest temperature source was Shikh 

(65ºC Absheron Peninsula), and the lowest 

temperature sources was Khalkhal (30ºC, 

Oguz district). The pH of the thermal waters 

ranged from 7.3 (Gamazvan, Gabala district) 

to 9.0 Shikh (8). 

 

Water samples for appropriate analyzes were 

taken in sterile container, stored in a 

refrigerator at 4ºC (7). 

 

Numerical composition of fungi was 

accounted considered using dilution method 

(1: 10) by counting the colonies grown on 

standard agar media (wort agar 40ºB) and 

their recalculating to absenteeism to the 

number of prologues (i.e. colony forming 

units CFU) in 1ml of water. To characterize 

the structure of the fungi complex the 

frequency of occurrence has been used. 

 

To determine the temperature optima of 

growth standard number of cell suspensions 

were grown in Erlenmeyer glasses of 250 ml 

in a thermostat within 25º C – 50º C, and to 

study the pH environment in phosphate 

suffered within 6.0- 9.0 the growth of the 

fungi was evaluated by the growth of the 

biomass and measured bringing to constant 

weight at 105º C. 

 

The identification of fungi isolated in pure 

culture was carried out according to the 

determinant formed by their morphological 

and physiological characteristics (10-11, 13, 

16, 18). 

 

In the study of the enzymatic activity of fungi, 

as a source of enzymes there have been used 

cultured liquid obtained by growth of the 
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fungus on cezpek liquid medium for 5 days. 

The activity of endoglucanase and pectinase 

was determined by viscometer method, 

amylose by colorimetric method, protease by 

Anson method and xylanase on Shomodi-

Nelson method (5, 15). 

 

Thermostability of fungi enzymes was 

determined by the method used in the H.G. 

Ganbarov´s and others study (6). 

 

Results and Discussion 

 

The results showed that micromycetes are the 

constant components of biota of investigated 

thermal sources, although their qualitative and 

quantitative composition greatly varies 

depending on ecological conditions-

temperature and the pH. 

 

As can be seen both in quantitative and 

species composition the poorest micobiota is 

characterized by Shikh thermal springs, which 

is characteristically by high temperature and 

pH. Similar data for Khalkhal source 

characterized by the highest values. Other 

sources occupy a middle position in terms of 

abundance and species composition. 

 

It should be noted that from cell the 

investigated is sources species which 

belonged to 11 genera have been identified 

taxonomic structure of isolated fungi in the 

investigated thermal sources is presented. As 

can be seen, 22.7 % of the detected fungi 

belong to zygomycota series group, the rest 

belong to Ascomycota series group, although 

most of the marsupials fungi (54,6 %) are 

anamorphic. 

 

A comparison of the data with the result of 

mycological research conducted in 

Azerbaijan. Showed that the majority of fungi 

found in the thermal springs are common in 

the different ecosystems of the country. 

However there were fungi that until our 

research on the territory of Azerbaijan have 

not been found, these properties characterize 

fungus like Aspergillus carneus (Tiegh) 

Blochwitz, Mucor cornelis Cavara & Sacc 

and Penicillium arenarium Shaposhnikav & 

Manteifel. 

 

It should also be noted that the mycobiota of 

all the investigated springs is not very rich 

both in number and in species composition. 

For example, in the formation of mycobiota 

of Barguziksky (Russia) alkaline thermal 

springs, under temperature (33.5 – 69.5ºC) 

and pH (8.2 – 9.7) is also characterized by 

similar figures, there attended species of 19 

kinds and numerical figure was 130-9500 of 

CFU/ml. 

 

Considering the fact that in natural 

ecosystems hydrolytic enzymes offungi play 

an important role, we further investigated the 

synthesis and some kinetic features of 

extracellular forms of hydrolytic enzymes in 

fungi, isolated from hot thermal springs of 

Azerbaijan. 

 

The results showed that all the isolated strains 

of microscopic fungi exhibit hydrolase 

activity, although fungi differ from one 

another according to the level of activity of a 

particular enzyme. Furthermore, there was the 

only exception that the strains of the 

Saccharomyces thermantitonum fungus don’t 

activate extracellular amylase. 

 

Regardless of some differences fungi, 

Aspergillus niger N-12, Chaetomium 

thermophile N-29 and Humicola lanuginosa 

N-47 are more promising producers of 

hydrolases, since the level of activity of all 

studied enzymes of hydrolytic type have been 

relatively high and as the result of screening 

they were chosen for further research, which 

were focused on optimizing the conditions for 

the manifestation of their maximum activity. 

When optimizing the carbon and nitrogen 



Int.J.Curr.Microbiol.App.Sci (2019) 8(7): 2473-2477 

2476 

 

sources have been quantitatively clarified. 

Also the growth temperature, the initial pH of 

the medium, the method and the preparation 

of the inoculum has been clarified during 

optimizing. The result of this revision has 

allowed an increase in activity by 14-18 %. It 

should be noted that the activity of the 

enzymes of the studied fungi in no way lag 

behind the well-known producers, belonging 

to micro or to macromycetes (1-2). 

Manifestation of high activity in a simple 

culture medium composition (prepared on the 

basis of waste) displays them in a number of 

promising producers compared to most 

micromycetes. But enzymes synthesizing 

active producers, in turn must meet a number 

of requirements, one of which is associated 

with the relation of enzymes to high 

temperatures (6). It is not a secret that the 

thermostable enzymes (i.e., capable of 

operating with high activity at high 

temperatures) is of great practical importance 

for modern biotechnological industry. 

Therefore, the study of relationship of 

enzymes to temperature is a perspective 

direction of modern research in the field of 

microbiology and biotechnology (1, 17). The 

studies have shown that enzymes synthesized 

from fungi, isolated from thermal springs of 

Azerbaijan at 65ºC is characterized by 

semiactivation at different times (τ1/2) which 

is usually used to characterized the 

thermostability of enzymes. In addition, the 

results allow dividing the fungi into three 

groups: 

 

Fungi, synthesizing thermosensitive 

hydrolytic enzyme. For this fungi τ1/2 ≤ 35 

min. Enzymes, synthesized by Aspergillus 

flavus, A. niger, A.terreus, Candida albicans, 

Hancenula anamola, Paecelomyces variotii, 

Penicillium arenarium, P.chrysogenium, 

P.notatum, Mucor hiemalis and Rhizomucor 

miehei fungi, are characterized by this 

indicator. 

 

Fungi synthesizing thermotolerant hydrolytic 

enzymes. Aspergillus candidus, A.fumigatus, 

A.carneus, Chaetomium thermophile, Mucor 

cornealis, Penicillium duponti, 

Saccharomyces thermantitonum, Torula 

thermantitonum fungi belong to this group, as 

time for semiactivation for enzyme 

synthetized by them are within 60-600 

minutes, that’s 60 minute ≥ τ1/2 ≤ 600 

minutes. 

 

Fungi synthesizing thermostable hydrolytic 

enzymes. For this group of fungi 

semiactivation time is more than half of the 

day, ie 12 hours (τ1/2 ≥ 720 min). The ability 

to synthetize such enzymes unique to fungi 

Humicola lanuginosa, Mucor corymbifer, 

Mucor pusillus.  

 

The results showed that 22 species of fungi 

take part in the formation of mycobiota of 

thermal springs of Azerbaijan waters located 

in the Greater Caucasus, 77,3% of which 

belongs to the division of Ascomycota, the 

others belongs to the division of Zygomycota. 

However, the mycobiots of individual thermal 

water sources are characterized by specific 

communities that differ in both quantitative 

and qualitative aspects, upon detection of 

which the main role is played the temperature 

and pH of sources. Many enzymes from 

micromycetes and macromycetes are 

characterized by relatively low 

thermostability, which is typical of enzymes 

synthesized for most of the mushrooms 

isolated from the thermal sources of 

Azerbaijan. However, the enzymes 

synthesized by the fungi Humicola 

lanuginosa, Mucor corymbifer and Mucor 

pusillus open up new perspectives for the use 

of their enzymes in various biotechnological 

processes, especially in the bioconversion of 

plant waste (14, 20) because, their enzymes 

systems are balanced by the activity of all 

enzymes catalyzing the main polymers that 

including in the composition of plant waste. 
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