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Abstract

From two soil samples taken in the Denali National Park and Preserve, Alaska, 28 filamentous fungi 
were isolated on selective media. A total of 28 fungal isolates were identified. The most widespread fungal 
species belonged to the genera Aspergillus, Mucor, Tolypocladium, Daldinia, and Pseudogymnoascus. A 
phylogenetic tree was constructed with the neighbour-joining method using the Kimura two-parameter 
model included in the MEGA 4 software. The linear growth of the fungal isolates was measured after 10 
days of conidiospore cultivation on agar plates at temperatures of 4, 10, and 25°C. The majority of the fun-
gal strains identified in this study were mesophiles. All isolated strains were screened for proteolytic activ-
ity. Among them, seven strains showed high protease activity. These findings expand our knowledge about 
fungal biodiversity in harsh cold environments as well as the enzyme production by extremophilic fungi. 
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Резюме

От почвени проби, събрани от Национален парк и резерват Денали, Аляска са изолирани 
28 щама филаментозни гъби, които са идентифицирани по молекулярно-биологичен метод. Най-
разпространените видове принадлежат към родовете Aspergillus, Mucor, Tolypocladium, Daldinia и 
Pseudogymnoascus. На базата на „neighbour-joining method“ и чрез използването на MEGA 4 софтуер е 
конструирано филогенетично дърво. Линейният растеж на единичните колонии е измерен на десетия 
ден от култивирането при температури от 4, 10 и 25°C. По-голямата част от идентифицираните гъби 
са определени като мезофили. Проучена е протеолитичната активност на всички изолирани щамове, 
като при 7 от тях е установена значима ензимна активност. Проведеното изследване допринася за 
разширяване на познанията относно биоразнообразието на гъбите в студените местообитания, както 
и за синтеза на ензими от екстремофилни представители.

* Corresponding author: mariange@microbio.bas.bg

Introduction 
Over the last decades, Alaska has been inves-

tigated mainly for the presence and exploitation of 
psychrophilic oil-degrading microorganisms (Gieg 
et al., 2010), and more rarely for filamentous fungi 
(Romero-Olivares et al., 2015). It is one of the most 
suitable areas for the search for organisms adapted 
to low temperatures. Most extremophilic fungi are 
adapted to low temperatures, low water availabil-
ity, low nutrient availability, repeated freeze-thaw 
cycles, osmotic stress, desiccation, and high UV ra-
diation (Rampelotto, 2013). Extracellular enzyme 

 
 production can be an important element of the sur-
vival strategy of these fungi in nutrient-poor soils 
(Krishnan et al., 2011). 

There is limited information about the biodi-
versity of filamentous fungi in Alaska. The aim of 
this study was to isolate and identify filamentous 
fungi from samples of soil taken from Alaska, as 
well as to determine their temperature growth char-
acteristics. Protease enzymes have been widely re-
ported in fungal studies elsewhere globally (Krish-
nan et al., 2016) and more rarely from Alaska. For 
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this reason, the present study also focuses on the 
ability of isolated strains to produce proteases.
Materials and Methods 
Isolation and cultivation of the fungal strains

Filamentous fungi were isolated from soil 
samples collected from Denali National Park and 
Preserve, Alaska. Cooke Rose Bengal agar was 
chosen as a growth medium (Cooke, 1954). Tripli-
cate samples were incubated at temperatures of 4, 
10, and 25°C for up to 3 weeks. To obtain individu-
al isolates, the visible active growing mycelia were 
then taken from the mixed isolate and subcultured 
onto potato dextrose agar (PDA). The cultures were 
subsequently maintained on PDA at 4°C and sub-
cultured every month.

The range of growth temperature was mon-
itored by conidiospore cultivation in Petri dish-
es (d = 9 mm) with PDA for 10 days at different 
temperatures (4, 10, 25°C). For the submerged 
cultivation, 74 ml of seed medium was inoculated 
with 6 ml of spore suspension at a concentration 
of 2×108 spores/ml in 500-ml Erlenmeyer flasks. 
Cultivation was performed at 20°C for 48 h for the 
psychrotolerant strain, and at 25°C for 24 h for the 
mesophilic strain on a rotary shaker (220 rpm). The 
composition of the culture medium AN-3 used for 
submerged cultivation was described in a previous 
paper (Gocheva et al., 2009). 
Identification of the isolated strains

For identification, the fungal DNA Purifica-
tion Kit (Himedia) was used to extract genomic 
DNA according to the manufacturer’s instructions. 
The internal transcribed spacer (ITS) region of the 
nuclear rRNA genes was amplified using primer 
pairs ITS1(5‘-TCCGTAGGTGAACCTGCGG-3‘) 
/ITS4(5‘-TCCTCCGCTTATTGATATGC-3‘) 
(White et al., 1990). PCR reactions were performed 
in a 25 µl volume using GenetBio PCR master mix. 
Agarose gel electrophoresis was used to analyze 
PCR products. The nucleotide sequences were de-
termined using the sequencing service of Macrogen 
INC.

Bioinformatic analyzes: The sequences were 
checked for ambiguity, assembled, compared, and 
analyzed against global databases: GenBank (http://
www.ncbi.nlm.nih.Gov/) and BLAST, part of the 
resources of the National Center for Biotechnology 
Information (NCBI, USA) and MYCOBANK Da-
tabase (http://www.mycobank.org/).

A phylogenetic tree was constructed with 
the neighbour-joining method using the Kimu-
ra two-parameter model included in the MEGA 4 

software (Molecular Evolutionary Genetics Analy-
sis (Tamura et al., 2007). The sequences obtained 
in this study were deposited in the NCBI GenBank 
database.
Enzyme activity assay

The activity of extracellular protease was 
measured using the method developed by Cupp-En-
yard (2008) and Anson (1938) with modification. 
This method is based on tyrosine formation during 
casein hydrolysis by protease. One unit of protease 
activity was defined as 1 μmol of tyrosine released 
during enzymatic reaction per mL reaction mixture 
per minute under the experimental conditions.
Results
Isolation and temperature characteristics of the 
fungal species from Alaska 

A total of 28 isolates were obtained from 
the analyses of two soil samples through soil dilu-
tion and soil sprinkle plate techniques. Four strains 
were isolated from agar plates incubated at 4°C, 7 
from plates incubated at 10°C, and 17 from plates 
incubated at 25°C. The temperature growth ranges 
of the isolates were investigated. In this study, the 
definitions of psychrophiles, psychrotolerant, and 
mesophiles follow those of Morita (1975), devel-
oped mainly with reference to bacteria. According 
to the temperature range for growth, the fungal iso-
lates can be classified as psychrophilic, psychro-
tolerant, or mesophilic types (Fig. 1). The isolates 
were grown at three temperatures (4, 10, and 25°C). 
The psychrotolerant strains were able to grow both 
at low (4°C) and medium temperatures with an op-
timum of 25°C. The majority of isolates tested for 
growth, activity, and viability appeared to be meso-
philic (Fig. 1). 

Fig. 1. Distribution of isolated strains according to 
their range and optimal temperature for growth
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Identification
All isolates were identified as filamentous 

fungi belonging to the phyla Ascomycota (75%), 
Zygomycota (21.4%), and Basidiomycota (3.57%) 
(Fig. 2). 

Fig. 2. Diversity of soil filamentous fungi from 
Alaska

Eight of the fungal isolates displayed ITS 
sequence similarities with the genus Aspergil-
lus. In addition, after ITS analysis, 20 fungal taxa 
were identified as belonging to the genera Mucor, 
Tolypocladium, Pseudogymnoascus, Daldinia, 
Penicillium, Aerobasidium, Stereum, Ambomucor, 
which displayed high sequence similarities when 
compared with fungal sequences deposited in the 
GenBank.

Our report indicates that Aspergillus and Mu-
cor were the dominant genera in the soils of Denali 
National Park and Preserve, Alaska. The genera of 
Aspergillus (8 species), Mucor (7 species), Tolypo-
cladium (3 species) Pseudogymnoascus (3 species), 
Daldinia (3 species), Penicillium (2 species) con-
tributed more than one species, and other genera 
were represented with one species. Mucor hiema-
lis occurred in the highest contribution (17.86%), 
Asergillus fumigatus and Tolypocladium inflama-
tum were the second dominant flora species with 
14.28% followed by Dialdinia loculata (10.71%), 
Pseudogymnoascus sp. (10.71%), and A. tubingen-
sis (7.14%). As can be seen in Fig. 3., the species 
Penicillium rubens, P. chrisogenum, A. niger, A. 
awamori, Stereum hirsutum, Aureubasidium mela-
nogenum, Ambomucor seriatoinflatus demonstrat-
ed a very low prevalence (about 3.5%).
Extracellular proteolytic activity

Proteases have primary roles in protein ca-
tabolism in fungi. Table 1 shows the results of the 
screening for enzyme production when the strains 
were cultivated at three different temperatures, 25, 
10, and 4°C. 

Protease activity was found in culture filtrates 
from 7 strains (25%), while 21 strains (75%) did 
not exhibit extracellular enzyme production. A sig-
nificant level of enzyme production was detected 
in P. chrysogenum ASK7, M. hiemalis ASK10, M. 
hiemalis ASK 11, A. tubingensis ASK 17, Pseu-
dogymnoascus sp. ASK 21, Pseudogymnoascus 
sp. ASK 22 and T. inflamatum ASK 26. The most 
effective producers were Pseudogymnoascus sp. 
ASK 22 (51.8 IU/ml) and M. hiemalis ASK 11 
(49.28 IU/ml).
Discussion 

A total of 28 fungal isolates representative 
of 9 genera belonging to 4 phyla were isolated and 

Fig. 3. Evolutionary relationships of 46 taxa. The 
evolutionary history was inferred using the neighbor-join-
ing method (Saitou and Nei, 1987). The tree was drawn to 
scale, with branch lengths in the same units as those of the 
evolutionary distances used to infer the phylogenetic tree. 
The evolutionary distances were computed using the Kimura 
2-parameter method (Kimura, 1980) and are in the units of the 
number of base substitutions per site. All positions containing 
alignment gaps and missing data were eliminated only in pair-
wise sequence comparisons (Pairwise deletion option). There 
were a total of 844 positions in the final dataset. Phylogenetic 
analyses were conducted in MEGA4 (Tamura K.). 



29

identified from two soil samples collected from 
Denali National Park and Preserve, Alaska. Alas-
ka is one of the less-studied regions and data are 
reported mainly on bacteria, yeasts, but rarely on 
fungi (Margesin, 2009). The most commonly en-
countered genera Aspergillus and Mucor, and other 
commonly detected taxa such as Tolypocladium and 
Pseudogymnoascus, as well as the less frequently 
isolated taxa, Penicillium and Daldinia are the cos-
mopolitan fungal genera. All of these species have 
been reported as commonly isolated from Antarctic 
soil (Onofri et al., 2007).

The majority of fungi isolated from Denali 
National Park and Preserve, Alaska, were meso-
philes. A similar fact was reported about Antarctic 
mycoflora. The predominance of mesophiles rather 
than psychrophiles in extreme environmental con-
ditions may be due to the fact that the temperatures 
of substrate at certain times of the year are much 
higher than low air temperatures (Robinson, 2001). 
Moreover, the psychrotolerant fungi demonstrated 
radial growth in a wide temperature range between 
4 and 25°C. At the same time, optimal temperature 
regimes for colony formation of the psychrotoler-
ant and mesophilic strains were found at 10°C and 
25°C, respectively. Finally, four of them were true 
psychrophilic strains; they included some strains of 
M. hiemalis and A. tubingensis. They are believed 
to play key roles in the biodegradation of organic 
matter and the cycling of essential nutrients at the 
cryosphere level (Shivaji and Prasad, 2009). De-
spite the severe conditions of Alaska, the overall 
picture showed a relatively rich mycoflora.

Filamentous fungi are well known to pro-
duce a number of extracellular enzymes and other 
secondary metabolites (Künzler, 2018). Extracel-
lular enzyme production is an important element of 
the fungal survival strategy in extreme conditions. 
To estimate the ability of the fungi to utilize pro-
teins in their natural environment, they were initial-
ly characterized for the production of extracellular 
proteolytic enzymes. The present study revealed a 

temperature-dependent production of protease. 
The maximum enzyme activity was achieved at 
the optimum growth temperature. The incubation 
temperature is usually determined by considering 
the sources from which the organisms have been 
isolated. A temperature of 37°C and 40°C has been 
reported as optimal temperature for protease pro-
duction by a number of microorganisms (Sharmin 
et al., 2005), Antarctic bacteria (Vazquez and Mac 
Cormack, 2002), and psychrotolerant Antarctic 
yeast C. humicola (Ray et al., 1992). Considering 
the cold Alaska temperature, it is unusual that these 
psychrotolerant fungi still retain this extracellular 
enzyme with a high-temperature optimum.
Conclusion

Our study contributes to the knowledge of 
fungal biodiversity in extreme environments like 
Alaska. We have provided new data on the predom-
inance of species belonging to the genera Asper-
gillus and Mucor in soils from the Denali National 
Park and Preserve, Alaska. Moreover, our results 
confirmed the prevalence of mesophilic fungi in 
cold environments, which could be attributed to 
seasonal and local increases in soil temperatures 
due to solar radiation. As inhabitants of extreme-
ly cold environments, these fungal strains could be 
used to produce industrially important psychrotol-
erant enzymes. After further research, the isolated 
new protease producers may be included in bio-
technological production. 
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