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Abstract: Haloalkalitolerant fungi can survive in environments with high salt concentrations
and pH values. The bioactive compounds produced under stressful conditions have potential
biotechnological applications. In this study, 52 microfungi isolated from Acigol Lake in
Tirkiye, offering polyextreme conditions, were screened for some biotechnological
properties. The antimicrobial and antioxidant activities of the isolates were determined using
the agar diffusion and the 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical scavenging

Edited by: methods, respectively. Enzyme activities were determined by various methods using the agar
[skender Karatls diffusion technique. Synthesis of silver nanoparticles (AgNPs) was carried out using cell-free

filtrate of microfungi. 40% of the isolates showed antimicrobial activity against at least one
*Corresponding Author: of Escherichia coli ATCC 25922, Staphylococcus aureus ATCC 29213 and Candida
Emine Irdem ) albicans ATCC 90028 used as the test microorganisms. Penicillium dipodomyicola showed
emineirdem@gmail.com the highest antibacterial activity against E. coli and S. aureus, while P. brevicompactum
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£ orcid.org/0000-0002-2é55-298X were found_to havg _free radical scavenging activity of a level (90% an_d _above) that can
Si orcid.org/0000-0002-3787-2449 compete with positive control. All of the isolates with amylase activity belonged to
EO. orcid.org/0000-0001-5646-6115 Aspergillus and Penicillium and the most prominent three of them were A. ochraceous, A.
LUK. orcid.org/0000-0002-9424-4473  flavus and P. brevicompactum. 55% of the isolates showed proteolytic activity, among which
GET. orcid.org/0000-0002-4126-8340  A. alliaceus had the highest activity. Almost all isolates (92%) showed lipolytic activity.
EO. orcid.org/0000-0002-9085-4151  Aspergillus amstelodami, P. sizovae and P. solitum had a significant level of lipolytic activity.
NCZ. orcid.org/0000-0002-2394-2194 3504 of the isolates showed cellulolytic activity with highest values Cladosporium
g/fgOJfé?ao(f?g/?8885?885’?;5?;‘532}(8 pseudocladosporioides, P. dipodomyicola and P. bilaiae. Eight of the isolates carried out
RD. 'orcid.c}rg /0000-0001-6702-480x  AINP synthesis W|Fh_|n_24 h. _When aI_I the results were e_valuated, Aspergillus amstelodami,
A. ochraceus, Penicillium dipodomyicola, and P. brevicompactum appeared to have the
potential to serve in different industrial areas.

Key words: .

Polyextremophiles Ozet: Haloalkalitolerant funguslar, tuz konsantrasyonunun ve pH degerinin yiiksek oldugu

Alkaline lake ortamlarda yasayabilirler. Stresli kogullar altinda iiretilen biyoaktif bilesiklerin potansiyel

I’?Alplogflcal_actlwty biyoteknolojik uygulamalari vardir. Bu ¢alismada, poliekstrem kosullara sahip
icrofungi

Acig6l/Tirkiye'den izole edilen 52 mikrofungus, bazi biyoteknolojik 6zellikler agisindan
taranmugtir. Antimikrobiyal ve antioksidan aktiviteler sirasiyla agar difiizyon ve 2,2-difenil-
1-pikrilhidrazil (DPPH) radikal siipiiriicii etki yontemi kullanilarak belirlenmistir. Enzim
aktiviteleri, agar difiizyon tekniginin kullamldig1 ¢esitli yontemlerle belirlenmistir. Gilimiis
nanopartikiil (AgNP) sentezi, hiicre igermeyen mikrofungus filtrati kullanilarak
gerceklestirilmistir. Izolatlarm %401 test mikroorganizmalarmdan en az birine karsi
antimikrobiyal aktivite géstermistir. Penicillium dipodomyicola, E. coli ve S. aureus 'a karst
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en yiiksek antibakteriyel aktiviteyi gosterirken, P. brevicompactum Candida albicans'a kars1
en yiiksek aktiviteyi gostermistir. Penicillium dipodomyicola ve P. bilaiae'nin pozitif kontrol
ile rekabet edebilecek diizeyde (%90 ve {izeri) serbest radikal siipiiriicli aktiviteye sahip
oldugu belirlenmistir. Amilaz aktivitesine sahip izolatlarin tamam Aspergillus ve Penicillium
cinslerine ait olup, A. ochraceous, A. flavus ve P. brevicompactum en yiiksek aktiviteye sahip
tiirler olarak belirlenmistir. izolatlarin %55'i proteolitik aktivite gosterirken, A. alliaceus en
yiiksek aktiviteye sahip izolat olmustur. Hemen hemen tiim izolatlar (%92) lipolitik aktivite
gostermistir. Ozellikle A. amstelodami, P. sizovae ve P. solitum izolatlarmin énemli diizeyde
lipolitik aktiviteye sahip oldugu belirlenmistir. izolatlarin %35'i seliilolitik aktivite géstermis
ve Cladosporium pseudocladosporioides, P. dipodomyicola ve P. bilaiae izolatlarinda
yiiksek aktivite gdzlenmistir. Izolatlarm sekizi 24 saat iginde AgNP sentezini
gergeklestirmigtir.  Tiim sonuglar degerlendirildiginde Aspergillus amstelodami, A.
ochraceus, Penicillium dipodomyicola ve P. brevicompactum gibi izolatlarm farkl

endiistriyel alanlarda hizmet verme potansiyeline sahip oldugu belirlenmistir.

Introduction

Fungi are cosmopolitan organisms with single or
multicellular eukaryotic cell structure and potentially
play important roles in organic matter cycle and food
chain dynamics. Although mainly terrestrial, they are
components of almost all ecosystems. Fungi are found
in various aquatic environments ranging from high
mountain lakes to deep ocean but their presence in
aquatic ecosystems has often been overlooked so far
(Grossart et al. 2019). Therefore, what we already know
about the diversity, biology and ecology of aquatic fungi
is very little compared to terrestrial fungi. Recent studies
have focused on uncovering fungal diversity in extreme
environments such as poles, hot springs, salterns, dried-
up rocks, dry deserts and areas with very low/high pH
values. Some fungi can adapt to polyextreme
environments accompanied by conditions such as
hipersalinity, high/low temperature, variable pH and
ultraviolet radiation. In most cases, fungi in such
environments survive through their special adaptation
mechanisms they have developed as a response to
environmental driving forces. Most of the hipersaline
environments are formed by evaporation of sea water
and are called "Thalassohaline Waters". Sodium and
chloride ions are dominant in the salt composition of sea
water. Other hipersaline environments consist of
dissolution of salts of continental origin. The ionic
components of these environments, which are called
"Athalassohaline Waters", are quite different from sea
water. There are many athalassohaline lakes, for
instance the Dead Sea in Israel, in the world (Oren 2002,
Ventosa 2004). Acigol Lake, located in inner Aegean
Region in Tiirkiye is the second largest athalassohaline
lake in the world and is one of the most important
sodium sulphate and NaCl production fields in the
country. The lake creates a polyextreme environment for
organisms with its environmental features such as pH
shifting to alkaline with its ion diversity and density,
exposure to sunlight and temperature change pattern in a
wide range.

Hypersaline waters were thought to harbor only
halophilic algae and bacteria and be completely devoid of
fungi until the last few decades. Since then, halophilic and
alkalophilic fungi that can survive in high saline and/or
high alkaline environments have been isolated and
characterized and were proved to be inhabitants of such
environments (Gunde-Cimerman et al. 2000, Gunde-

Cimerman et al. 2004, Hozzein et al. 2013, Wei & Zhang
2019, Orwa et al. 2020, Ozgdk & Ilhan 2020). Further
related studies showed that haloalkaliphilic fungi could be
potential agents for bioremediation in salty and alkaline soils,
and some halophilic fungi produced metabolites with
antimicrobial, antioxidant and antiproliferative effects (Kis-
Papo et al. 2001, Cantiirk et al. 2017, Wei & Zhang 2018).
Halophilic fungi has also been emphasized as important
genetic pools for gene cloning (Zhang et al. 2018).

Haloalkaliphilic fungi are one of the extremophilic
microorganisms that grow best under conditions of high
salinity and extreme alkalinity. Due to their successful
growth in hypersaline conditions and the combination of
other harsh conditions, haloalkaliphilic/ haloalkalitolerant
fungi can produce a variety of metabolites that can withstand
harsh conditions. This shows that they are important target
organisms in researches on determination of new strains with
biotechnological potential to be used in industry and cases of
environmental problems.  Unlike traditional strains,
haloalkaliphilic fungi and their metabolites have enormous
usage potential in many biotechnology fields. In this study,
we aimed to elucidate the potential of microfungi isolated
from a salty and alkaline lake to be producers of industrially
important products such as enzymes, bioactive metabolites,
and nanoparticles.

Materials and Methods

Fungal Strains

52 fungal species within 9 genera [Acremonium (1),
Alternaria (7), Aspergillus (13), Cladosporium (3),
Fusarium (4), Neocosmospora (6), Penicillium (14),
Rhizopus (1), Trichoderma (1), and unidentified (2)
isolates] previously isolated in November 2019 from
Acigdl were included in the study. Morphological
(phenotypic properties) and molecular (multi locus gene
sequencing) methods were used in the identification of the
species in the previous study (Ayva et al. 2021). Stock
cultures of the isolates were maintained on Potato
Dextrose Agar (PDA) and stored at +4°C.

Antimicrobial Activity

The agar diffusion method with modifications was
used to determine the antimicrobial activities of the
isolates (CLSI 2004, 2015). For this purpose, the bacterial
strains Escherichia coli ATCC 25922 and Staphylococcus
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aureus ATCC 29213, and the yeast Candida albicans
ATCC 90028 were used as the test organisms.

Bacteria were incubated on Muller Hinton Broth
(MHB) and the yeast on Sabouraud Dextrose Broth (SDB)
at 37°C for 24 hours. The concentration of cell
suspensions was adjusted to the turbidity of the 0.5
McFarland standard (at 625 nm, 0.08 to 0.1 absorbance)
with sterile saline water. Microorganism suspensions
were spread onto 90 mm petri plates, including Mueller
Hinton Agar (MHA) for the bacterial and Sabouraud
Dextrose Agar (SDA) for the yeast, using sterile swabs.

The fungal isolates were incubated on PDA for 7 days
at room temperature. Then, the agar plates were cut into
small agar blocks (6 mm in diameter) using a sterile cork-
borer and the blocks were placed on test plates inoculated
with test microorganisms. After the plates were kept in the
refrigerator for one hour, they were incubated at 37°C for
24 hours. The clear zones around the agar blocks on the
plates were considered inhibition of the test
microorganisms. Diameters of inhibition zones were
recorded in millimeter (mm). All assays were done in
duplicate.  Gentamicin  (Bioanalyse, 10  mcg),
Sulbactam+Ampicillin  (Bioanalyse, 20 mcg) and
Fluconazole (MP Biomedicals, 1.25mg/ml) were used as
positive control.

Antioxidant Activity

The antioxidant activities of the fungal isolates were
determined by modifying the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) radical scavenging method
developed by Sanchez-Moreno et al. (1998). Fungal
isolates were incubated in an antioxidant liquid medium
with content of 30.0 g/L sucrose, 1.0 g/L yeast extract, 1.0
g/L peptone, 0.5 g/L KCI, 0.01 g/L FeS04.7H,0, 0.5 g/L
MgS04.7H.0 and 1.0 g/L KyHPO4 at 27°C, under static
conditions for 7 days (Malpure et al. 2006).

3 ml DPPH (2x1072 g/L) solution was added to 100 ul
supernatant obtained after incubation and vortexed for 30
s. The reaction tubes, in triplicates, were wrapped in
aluminum foil and kept at room temperature for 30 min in
dark. Spectrophotometric measurements were done at 517
nm using CECIL 4002 spectrophotometer. Butylated
hydroxytoluene (BHT) was used as positive control.
Percentage inhibition calculated according to below given
formula (Cantiirk et al. 2017):

Control absorbance — Absorbance of sample

Inhibition % = x 100

Control absorbance

Enzymatic Activity

All fungal isolates were screened for their ability to
produce extracellular amylase, lipase, protease and
celullase. The enzyme activity was determined in agar
plate method and performed in duplicate. Regarding the
size of the zone diameters, the degree of all activities was
evaluated as low (+), medium (++) and high (+++).

Amylolytic enzyme assay: In order to determine the
amylase production ability of the isolates, single point
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inoculation from activated cultures was made on petri
dishes containing 20.0 g/L soluble starch, 1.0 g/L yeast
extract, 1.0 g/L K;HPO,, 1.0 g/L MgS0..7H,0, 20.0 g/L
agar at 6.0 pH. After 7 days of incubation, Lugol’s iodine
solution (0.1% iodine; 1.0% potassium iodide w/v) was
flooded on the plates and amylase production was
observed as the appearance of zone of clearance against
dark (bluish black) background (Fossi et al. 2009).

Lipolytic enzyme assay: A tributyrin-containing
medium was used in determination of the lipolytic activity
of the fungal isolates. The medium containing 5.0 g/L
peptone, 3.0 g/L yeast extract, 20.0 g/L agar (pH: 6.0) was
autoclaved at 121°C for 15 minutes, and then tributyrin
was added 1/1 (w/w) to medium and vortexed thoroughly.
Then, the medium was poured into sterile petri dishes
(Griebeler etal. 2011). Activated cultures were inoculated
as single point on plates and incubated at 25°C for 7 days.
At the end of the incubation, isolates forming clear zones
around their colonies on the plates were considered to
exhibit lipase activity.

Proteolytic enzyme assay: The method of Topal et al.
(2000) was used with modifications for determination of
the protease activities of the isolates. The medium
containing 1.0 g/L K;HPOQO4, 0.5 g/L MgSQ,4-7H20, 0.5
g/L KCl, 16.0 g/L agar was autoclaved at 121°C and 15
min. After cooling to 60°C, sterile milk was added to the
medium so that the casein concentration was 3%, mixed
and the medium was poured into sterile petri plates. The
activated isolates were inoculated as single point to the
center of petri plate and incubated at 25°C for 7 days.
After incubation, the diameters of the clear zones formed
around the colonies were measured.

Cellulolytic enzyme assay: Czapek-Dox agar (HKM,
Catalog no: HCM122) (pH: 5.0) containing 1%
carboxymethyl cellulose (Sigma Aldrich, Catalog no:
C5678) was used to determine the cellulase activity.
Activated isolates were inoculated into petri plates
containing Czapek-Dox agar in a single point. Petri plates
incubated at 27°C for 7 days were treated with 1% Congo
red solution and then 1M NaCl solution. Clear zones
formed around the colonies showed the presence of
cellulolytic activity (Kluepfel 1988).

Biosynthesis of silver nanoparticles (AgNPs)

Silver nanoparticles were synthesized according to
the modified version of the method described in Ottoni
et al. (2017). 100 ml Malt Glucose Yeast Peptone
(MGYP) medium (3.0 g/L malt extract, 10.0 g/L
glucose, 3.0 g/L yeast extract, and 5.0 g/L peptone)
prepared in 500 ml flasks was inoculated with spores
collected from the active culture surfaces with 0.1%
Tween 80. The flasks were incubated at 27°C and 140
rpm for 96h. Mycelia were filtrated through filter paper
and washed three times with sterile distilled water. 10 g
(wet weight) of biomass were suspended in 100 ml
sterile distilled water and incubated at 27°C with
agitation rate of 140 rpm for 48 h. After the incubation,
the filtrate obtained by passing the water suspended with
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biomass through filter paper were treated with 0.5 mM
silver nitrate (Sigma Aldrich) solution in a flask and
incubated at room temperature with agitation in dark for
24 h. The filtrate without silver nitrate solution was also
run as control. After 24 h of reaction, a color change to
yellowish brown occurring in the solution indicated the
formation of AgNPs. The presence of AgNPs was
confirmed by UV-VIS spectroscopy. The solutions were
scanned in 200-800 nm range and the peaks between
420-430 nm indicated the presence of AgNPs (Ottoni et
al. 2017).

Results

Antimicrobial activity

The results obtained with the isolates showing
significant antimicrobial activity are given in Table 1.
Forty percent of the isolates showed activity against at
least one of the test microorganisms. Among these
isolates, 52% showed antibacterial, 33% showed
antifungal activities, and 14% inhibited the growth of all
test organisms. Three strains of P. dipodomyicola (AG38,
AG41 and AG45) showed the highest antibacterial
activity against test bacteria, while P. brevicompactum
AG36 showed the highest activity against C. albicans
(Table 1 and Fig. 1).

Table 1.The isolates showing significant antimicrobial activity
and their inhibition zone diameter.

Zone Diameter (mm)

8 & o8
Isolates o g § S
W< o< OX%
Alternaria alternata AG10 - 11 -
A. alternata AG13 - 15 -
A. alternata AG 26 - 22 -
A. alternata AG14 - 15 -
A. alternata AG15 - 11 -
Aspergillus terreus AG29 - 23 11
A. terreus AG30 - 17 10
A ochraceus AG31 - 11 -
A. ochraceus AG52 16 13 17
Neocosmospora keratoplastica AC2 15 - -
N. solani AG6 12 11 -
Fusarium equiseti AG9 - - 11
Penicillium bilaiae AG 44 - - 10
P. brevicompactum AG36 25
P. brevicompactum AGA47 - - 19
P. brevicompactum AG39 - - 20
P. brevicompactum AG43 - - 18
P. brevicompactum AG42 - - 18
P. dipodomyicola AG38 17 21 -
P. dipodomyicola AG41 20 30 -
P. dipodomyicola AG45 25 29 -
Gentamicin 10 mcg 21
Sulbactam+Ampicillin 20 mcg -
Fluconazole 1.25 mg/ml 22

E. Irdem et al.

E. coli ATCC 25922

S. aureus ATCC 29213

Fig. 1. Zones of inhibition showing the effect of P.
dipodomyicola AG45 (number 45) on test bacteria, CN;
Gentamicin, SAM; Sulbactam+Ampicillin

Antioxidant activity

Free radical scavenging activities of the isolates were
calculated in percent. Only four isolates were found to
have a higher inhibition rate than the positive control
(Table 2).

Enzyme activity

Findings regarding amylase, lipase, protease and
cellulase activities of the fungal isolates are given in Table
3. While 5 of 52 isolates showed activity in terms of all
enzymes screened, no activity was detected in 3 isolates.
The results revealed that the isolates had 92% lipolytic
activity, 55% proteolytic activity, 35% cellulolytic
activity and 25% amylolytic activity.

Table 2. The isolates showing significant antioxidant activity
and their inhibition rates.

Fungal isolates Inhibition %
P. dipodomyicola AG38 97
P. dipodomyicola AG41 96
P. dipodomyicola AG45 96
P. bilaiae AG44 96

BHT 80
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Table 3.Enzyme activity levels of the fungal isolates.
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Fungal strain

Amylolytic Activity  Lipolytic Activity Proteolytic Activity  Cellulolytic Activity

Acremonium sclerotigenum AG58
Alternaria alternata AG26
. alternata AG10

. alternata AG11

. alternata AG12

. alternata AG13

. alternata AG14

. alternata AG15
Aspergillus flavus AG35

. alliaceus AG33

. pseudoglaucus AG50

. intermedius AG51

. intermedius AG53

. amstelodami AG54

. amstelodami AG55

. cristatus AG48

. ochraceus AG31

. ochraceus AG52

. terreus AG29

. terreus AG30

. tubingensis AG32
Cladosporium acalyphae AG23
C. cladosporioides AG25
C. pseudocladosporioides AG24
Fusarium sp. AG7

F. equiseti AG8

F. fujikuroi AG4

F. equiseti AG9
Neocosmospora keratoplastica AG2
N. keratoplastica AG22

N. solani AG1

N. solani AG3

N. solani AG5

N. solani AG6

Isolate not identified AG27
Isolate not identified AG49
Penicillium bilaiae AG44

. brevicompactum AG36

. brevicompactum AG39

. brevicompactum AG42

. brevicompactum AG43

. brevicompactum AG47

. chrysogenum AG57

. solitum AG40

. dipodomyicola AG45

. dipodomyicola AG38

. dipodomyicola AG41

. sizovae AG37

. Sizovae AG46

. sizovae AG56

Rhizopus arrhizus AG16
Trichoderma harzianum AG28

>r2>2> > >

>r>2>2>>2>2>rr>>r> P>

U U U U UTUTUTUTUTUTUTUTO
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ND
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ND

ND
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+
ND
ND
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+
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+
ND
ND
ND
ND
ND
ND
ND
+
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+++
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
+++

+ 4+ 4+ + +

ND
ND
++
+++
+++
+
ND
ND
ND
ND

Zone diameter (mm): Amylolytic Activity 1-2 (+) Low; 3-5 (++) Medium; 6-8 (+++) High; Lipolytic Activity 1-10 (+) Low; 11-23 (++)
Medium; 24-37 (+++) High; Proteolytic Activity 1-5 (+) Low; 6-11 (++) Medium; 12-17 (+++) High; Cellulolytic Activity 1-10 (+) Low;

11-15 (++) Medium; 16-20 (+++) High; ND: Not Detected
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P. solitum AG40
P. sizovae AG56
P. sizovae AG46
P. sizovae AG37 ]
P. dipodomyicola AG41 |
P. dipodomyicola AG38
P. brevicompactum AG43 [ ]
P. bilaiae AG44 |
C. pseudocladosporioides AG24 ]
A. terreus AG30 |
A. ochraceus AG31
A. flavus AG35 [
A. amstelodami AG54
A. alliaceus AG33 | |
A. sclerotigenum AG58 | |

0 10 20 30 40 50

= Amylase  ® Lipase Protease  m Cellulase Zone Diameter (mm)

Fig. 2. Prominent isolates with high activity for at least one enzyme.

Fig. 3. Representative Petri dishes showing enzyme activities of some isolates. a. Amylolytic activity, b. lipolytic activity, c. proteolytic
activity, d. cellulolytic activity.

CLLLELLCTC AN
e iem

AG35  AG38 AG39 AG40 AG44 AG46 AG4A8 AGS50 AGS3  AGS7

Fig. 4. The color change observed in the filtrates after adding AgNOs.
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Prominent isolates with high activity (+++) for at least
one enzyme are compared in Fig. 2. The screening
performed with four enzymes revealed that the isolates
showing high activity in general are members of the
Penicillium, Aspergillus, Acremonium and Cladosporium.

The evaluation of the results showed that the highest
number of isolates with amylase activity was in the genus
Penicillium, followed by Aspergillus (Table 3). The
isolates with the highest amylase activity were A.
ochraceous AG31, P. brevicompactum AG43 and A. flavus
AG35, respectively. Amylase activity was not detected in
isolates within the other genera screened (Fig. 3).

Lipolytic activity was detected in 92% of the isolates
(Table 3). Aspergillus amstelodami AG54, P. sizovae
AG37, AG46, AG56 and P. solitum AG40 isolates
showed high lipase activity (Fig. 3). The highest activity
was measured in P. sizovae AG56 isolate with a zone
diameter of 15.5 mm.

Fifty six percent of the isolates showed proteolytic
activity (Table 3). The highest activity was measured in
A. alliaceus AG33 isolate with a zone diameter of 33 mm,
followed by the isolates A. terreus AG30, A. flavus AG35
and A. sclerotigenum AG58.

Thirty five percentof the isolates showed cellulolytic
activity (Table 3). Isolates with high cellulase activity
were C. pseudocladosporioides AG24, P. dipodomyicola
AG38, AC41 and P. bilaiae AG44 (Fig. 3).

Biosynthesis of silver nanopatrticles

The UV-VIS measurements of the filtrates, which
were left to incubate for 24 hours by adding 0.5 mM
AgNOs3, were evaluated with a peak in the wavelength
range of 200-800 nm. Eight isolates, A. flavus AG35, A.
pseudoglaucus AG50, A. intermedius AG53, P. bilaiae
AG44, P. chrysogenum AG57, P. dipodomycola AG38,
P. sizovae AG46 and T. harzianum AG28, carried out
AgNP synthesis within 24 h. In addition, color change was
observed in all isolates left to incubation for longer, and
they formed a peak in the 420-480 nm band (Figs 4-5).

4000

3000 -

2000

Abs.

1000

0000 1 L

nmM.

L
30000 400.00 500,00 60000 70000

Fig. 5. The absorbances in UV-VIS of some filtrates left to
incubation for 24 hours by adding 0.5 mM AgNOs.
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Discussion

The biotechnological potentials of 52 isolates from the
Trichocomaceae family were evaluated by testing their
antimicrobial activity, antioxidant activity, ability to
produce the extracellular enzymes amylase, lipase, protease
and cellulase), and AgNP synthesizing abilities. In general,
haloalkalophilic fungi are an important source of
polyextremophilic  metabolites. These  metabolites,
extremozymes, are stable in extreme conditions and have
pronounced activity and therefore have remarkable
biotechnological applications. Although fungi have a
similar metabolic diversity with other microorganisms,
more attention should be drawn to their ease of cultivation.

We initially screened all 52 isolates for their
antimicrobial activities, and it determined that 39% of the
isolates showed an inhibitory effect against at least one
test microorganism used. Among them, A. alternata
isolates (AG10, 13, 26, 14, 15) showed an inhibitory
effect against the Gram-positive bacteria S. aureus with
zone diameters varying between 11-20 mm. Studies on
the antimicrobial activity of A. alternata metabolites
reported significant antibacterial effects against Gram-
positive bacteria. In a recent study, seven of the tested
compounds from the endophyte A. alternata 13A isolated
from a saline lake in Sahara Desert were reported to be
more effective against Gram-positive strains than Gram-
negative strains (Qader et al. 2021). Also, Chandra et al.
(2021) reported that the extract from A. alternata was
capable of inhibition two Gram positive bacteria, B.
subtilis and S. aureus.

Aspergillus and Penicillium which found in soil and
saline environments are source of bioactive compounds. It
has been reported that Aspergillus species have compounds
with strong antibacterial effects (Al-Fakih & Almaqtri
2019). Aspergillus species are capable of production a large
number of natural bioactive metabolites (Lee et al. 2013).
In the present study, A. ochraceus and A. terreus isolates
showed both antibacterial and antifungal activities. There
are studies that elucidate the structure of metabolites with
strong antimicrobial activity obtained from these
Aspergillus species. The endophytic fungus A. ochraceus
displayed remarkable antimicrobial activity in the study of
Attia et al. (2020). Asperteramide from the marine-derived
fungus A. terreus was reported to be responsible from
inhibition of Bacillus cereus (Bunbamrung et al. 2020). Of
the active Penicillium species, P. dipodomyicola isolates
showed only antibacterial activity, while P.
brevicompactum isolates showed antifungal activity. The
highest activities against E. coli and S. aureus were
produced by P. dipodomyicola AG45 and AGA41,
respectively, and the highest activity against C. albicans
was produced by P. brevicompactum AG36. The genus
Penicillium is commonly found in saline environments and
has received great attention due to the presence of
secondary metabolites. Most of the bioactive secondary
metabolites reported so far was related with Penicillium
(Vansteelandt et al. 2012, Koul & Singh 2017, Farha &
Hatha 2019). In this respect, Aspergillus and Penicillium
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species may be a potential source of metabolites that may
help treating of infectious diseases with increasing
resistance to currently used antibiotics and may provide
alternative medical therapy.

The modified DPPH method was used to determine
the antioxidant activity of the isolates (Cantiirk et al.
2017). Measuring the free radical scavenging effect as
percent inhibition is a common situation in the literature.
The higher the percentage value, the higher the activity.
Four isolates of the genus Penicillium showed free radical
scavenger effect above BHT value 80% used as a
standard. In an antioxidant activity study, the inhibition
rate of P. chrysogenum was 63%, while the DPPH
inhibition of P. dipodomyicola was 97% (Sikandar et al.
2020). Production optimization studies can increase the
DPPH radical scavenging ability (Chandra & Arora
2017). Our finding indicates that P. dipodomyicola
isolates may be evaluated as natural antioxidant agents.

Polyextremophilic microfungi are potential sources of
enzymes for industrial applications under unfavorable
conditions such as high salt concentration, alkaline pH,
and presence of organic solvents. Fungal enzymes can
also be secreted extracellularly. Microfungi isolated from
hypersaline and alkaline waters were screened for
amylase, lipase, protease and cellulase activities using
solid media. This method used is an indication that the
detected enzymes are secreted out of the cell. The
extracellular nature of the enzyme produced in industrial
production provides an important advantage. In this study,
it was determined that 49 of the 52 isolates tested had at
least one enzyme activity. Of these, 4 strains of P.
brevicompactum and 1 strain of P. bilaiae showed activity
for all enzymes tested.

Amylase is an important enzyme that catalyzing starch
into its monomers and is widely used industrially (Bodade
& Lonkar 2022). Particularly, effective amylase
producing species were reported to be members of
Aspergillus and Penicillium (Kathiresan & Manivannan
2006, Demirel et al. 2008, Gouda & Elbahloul 2008,
Gopinath et al. 2017, Souza et al. 2020). In our study,
isolates which were determined to show amylase activity
were also members of Aspergillus and Penicillium.
Aspergillus flavus, A. ochraceus, and P. brevicompactum
were the best amylase producers. Non-toxic fungal
amylases are used in many industrial productions,
including the food and pharmaceutical industries
(Niknejad et al. 2013). The data obtained from screening
studies with fungi isolated from polyextreme
environments will form the basic tool for next steps of
production optimization, purification, and detailed
characterization. Reports on the purification and
characterization of amylases from halophilic fungi are
limited (Ali et al. 2015).

Lipases catalyze the hydrolysis of triacylglycerols and
the synthesis of esters from glycerol and long-chain fatty
acids. Microbial lipases are of particular interest
industrially because of their stability to extreme
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temperatures and pH, as well as their broad substrate
specificity. Their versatility makes them important for a
variety of biotechnological applications, mainly in
biodiesel processing, pharmaceutical, food and detergent
industries (Pérez et al. 2019). The lipolytic enzyme
activities of the strains were determined according to the
zone formation in solid medium containing tributyrin as
the substrate. This method is frequently used in screening
studies (Griebeler et al. 2011, Patel & Shah 2020). Most
of our isolates (92%) showed lipolytic activity, and the
genera containing the species with the highest activity
were Aspergillus and Penicillium. The highest activity
was observed in A. amstelodami, P. solitum and P.
sizovae. Wadia and Jain (2017) found in their study that
only five fungal species, A. niger, A. flavus, Penicillium
sp., Alternaria sp. and Trichoderma sp. have the potential
to produce lipase on Tri Butyrin agar (TBA) agar plates.
The authors reported that the diameter of the zone formed
due to the lipolytic activity increased as the incubation
time increased. In another study, A. fumigatus was
reported as the species with maximum lipase activity
(Mehta et al. 2018).

Proteases are a large group of enzymes that degrade
proteins or peptides which are frequently used in
industries such as detergent, leather, food, and medicine
(Salwan & Sharma 2020). Although the number of studies
on fungal proteases is increasing day by day, the full
potential of extreme fungal proteases for industrial
production waits to be exploited (Pavlukova et al. 1998,
Saboti¢ et al. 2007, Yike 2011, Chandrasekaran et al.
2015, Sun et al. 2021). Many filamentous fungal species
are known to produce proteases. Among these, members
of the genus Aspergillus are at the forefront, and were also
in the first place in terms of proteolytic activity in the
present study. Aspergillus alliaceus, A. terreus, A. flavus
and A. sclerotium are species with high protease activity.
As the evaluation of many researchers on industrial
protease production, it is seen that Aspergillus species
come to the fore (Topal et al. 2000).

Fungal cellulases are well-studied enzymes and are
frequently used in various industrial processes. Cellulases
attract more attention due to their contribution to the
biofuel production process. In the present study, 35% of
the isolates showed cellulolytic activity and C.
pseudocladosporioides, P. dipodomyicola and P. bilaiae
isolates with high activity had the potential to be sources
of cellulase enzymes. In recent years, cellulase production
and optimization have been performed from different
microfungal species such as A. terreus, Chaetomium sp.
A. niger, P. funiculosum, A. tubingensis and T.
longibrachiatum (de Carvalho et al. 2014, Sohail et al.
2016, EI-Nahrawy et al. 2017, Pachauri et al. 2017). In
another recent study, 3 different cellulase activities were
reported from 3 fungal isolates, P. funiculosum, C.
cladosporioides, F. verticillioides, isolated from Moringa
biomass (Vazquez-Montoya et al. 2020).

Differences in the degree of activities were observed
among strains of the same species, a case which may be
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attributed to small genetic differences between the strains
and to experimental factors. The thickness of the agar
plates used, and the incubation time are particularly
important in agar diffusion method and have the potential
to affect the results, albeit slightly.

Screening studies used to determine to current
potential of the isolates are very important in transforming
the isolates into a strain that can be used in industrial
production via production optimization and experimental
designs (Raghav et al. 2022). We conclude that the
hydrolytic activities of the strains used in the present
study will increase after optimization of the test
conditions in further studies.

The combination of nanotechnology and sustainable
chemistry is very popular in the production of
biocompatible metallic nanoparticles. The applications of
AgNPs synthesized using many microorganisms,
including fungi, in medical and agricultural fields are
being investigated (Ahmed et al. 2018). AgNPs are the
subject of research as antiviral, antimicrobial, antioxidant,
antitumor, antibiofilm anti-inflammatory agents. When
AgNP production abilities of the isolates were screened,
A. flavus AG35, A. pseudoglaucus AG50, P.
dipodomyicola AG38 and P. sizovae AG46 came to the
fore. Although the methods used in the microbiological
production of AgNP are similar, Ag ions are the primary
requirement for the synthesis of AgNPs, which can be
obtained from water-soluble silver salts, especially in the
production using metal ion solution. However, aqueous
AgNO; solution, with Ag ion concentration range of 0.1 -
10 mM (most commonly 1 mM), has been used by most
researchers (Srikar et al. 2016). However, the factors that
greatly affect the results here are the amounts of filtrate
and AgNOs used and the ambient conditions where they
come together. In this study, the final concentration was
0.5mM AgNOs; using 100 ml of filtrate. The absorbance
values of the filtrates expressing AgNP synthesis were
quite high (Fig. 5). UV measurements were made after 24
hours of incubation. In another similar study, Verma et al.
(2010) obtained very successful results by incubating 10
ml of filtrate with 90 ml of 1 mM AgNOs solution during
48 hours incubation period.

In this study, a scan was performed to understand the
presence of AgNP based on color change and UV-VIS
absorbance measurements. The isolates that stand out in
the obtained results are seen as potential AgNP producer
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