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Abstract: In this study, ethanol extracts of some wild mushroom species, in the phylum
Basidiomycota, (Armillaria mellea (Vahl) P. Kumm., Infundibulicybe geotropa (Bull.) Harmaja,
Leucopaxillus gentianeus (Quél.) Kotl. and Trametes versicolor (L.) Lloyd) were tested for their
antioxidant, antimicrobial, antibiofilm, and cytotoxic activities. Mushroom samples showed low
antimicrobial activity on Enterococcus faecalis and Staphylococcus aureus, while biofilm inhibitory
activity on test microorganisms ranged from 24.6% to 80.5%. At the end of the antioxidant activity
studies, A. mellea was the mushroom sample having the highest DPPH radical scavenging
capacity (0.105+0.001 mg/mL) whereas T. versicolor was the one having the highest iron (lll) ion
reducing power (40.709+0.003 ug TE/100g). The highest polyphenol content was observed in T.
versicolor (29.916+0.002 mg GAE/100g) samples, and the lowest in A. mellea (9.5+0.006 mg
GAE/100g) samples. The cytotoxic effects of the samples were tested on MCF-7, MDA-MB-231
(breast cancer) and L929 (mouse fibroblast) cell lines using the MTT method. As a result, it was
observed that A. mellea and T. versicolor samples were more effective on the MCF-7 cell line,
and A. mellea on MDA-MB-231 cell line.

Keywords: Basidiomycota, Bioactivity, Nutraceutical foods, Medicinal mushrooms

Bazi Dogal Mantar Turlerinin Antibiyofilm, Antimikrobiyal, Sitotoksik ve
Antioksidan Etkilerinin Degerlendirilmesi

Oz: Bu galismada Basidiomycota subesinde yer alan bazi dogal mantar tiirlerinin
(Armillaria mellea (Vahl) P. Kumm., Infundibulicybe geotropa (Bull.) Harmaja, Leucopaxillus
gentianeus (Quél.) Kotl. ve Trametes versicolor (L.) Lloyd) etanol ekstraktlari, antioksidan,
antimikrobiyal, antibiyofilm ve sitotoksik aktiviteleri acisindan test edildi. Mantar &rnekleri
Enterococcus faecalis ve Staphylococcus aureus Uzerinde disik antimikrobiyal aktivite
gosterirken, test mikroorganizmalari Gzerinde %24.6 ile %80.5 arasinda degisen biyofilm 6nleyici
aktivite gosterdi. Antioksidan aktivite ¢alismalari sonucunda, A. mellea en yiksek DPPH radikal
temizleme kapasitesine (0.105+0.001 mg/mL), T. versicolor ise en yiksek demir (lll) iyonu
indirgeme gucline (40.709+ 0.003 ug TE/100g) sahip mantar tirt olmustur . En yliksek polifenol
icerigi T. versicolor (29,916+£0,002 mg GAE/100g) Orneklerinde, en dusuk ise A. mellea
(9,5+0,006 mg GAE/100g) érneklerinde gozlendi. Orneklerin sitotoksik etkileri MCF-7, MDA MB-
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231 (meme kanseri) ve L929 (fare fibroblast) hiicre hatlarinda MTT yOntemi kullanilarak test
edildi. Sonug olarak A. mellea ve T. versicolor érneklerinin MCF-7 hiicre hattinda, A. mellea'nin
MDA-MB-231 hiicre hattinda daha etkili oldugu goérildu.

Anahtar kelimeler: Basidiomycota, Biyoaktivite, Nutrasétik gidalar, Tibbi mantarlar

Introduction

Medicinal mushrooms are macroscopic fungal
organisms used in different ways (such as powder and
extract) for various purposes, not only as natural food
sources but also for various purposes such as protection
from diseases, alleviation of disease process or healing
of diseases and taxonomically found in Basidiomycota
and Ascomycota divisions (Chang and Miles, 1992;
Phillips 1981; Lindequist et al., 2014). In the past,
mushrooms were widely used in Asian countries (such as
China, and Japan) for their various medicinal effects, but
today it has spread all over the world and their importance
has gradually increased especially in Western countries
(Lindequist et al., 2005). These organisms, which are not
delicious and nutritious food, have also been a significant
resource of medicine for the people who collect and
consume them (Eraslan et al., 2021).

Mushrooms have been preferred as nutraceutical
dietary promoters or functional foods due to their high
protein, vitamin, fibre, mineral content and, on the
contrary, low calorie and cholesterol content in recent
years (Lindequist et al., 2014; Waktola and Temesgen,
2018). The results of the studies have shown that about
200 mushroom species have medicinal properties
(Chang, 1996). Itis estimated that primary and secondary
metabolites (such as polysaccharides, polysaccharide-
protein complexes, proteoglycans, peptides, phenolic
compounds, lectins, steroids and terpenes) obtained from
medicinal mushrooms have approximately 130 medicinal
activities (Alves et al., 2012; Eraslan et al., 2021; Chugh
et al., 2022). Antidiabetic, anti-inflammatory, antioxidant,
antiviral, antibacterial, antifungal, cholesterol and lipid
reducing, wound healing, hepatoprotective,
immunomodulatory and antitumor can be given as
examples for these biological activities that metabolites of
fungal origin show (Wasser, 2010; Eraslan et al., 2021;
Chugh et al., 2022).

Armillaria mellea (Vahl) P. Kumm. is a plant
pathogen that is commonly seen in coniferous,
deciduous and mixed forests and infects many plant
species causing root rot in them. Basidiocarps are edible,
but they can cause stomach problems after eating
(Muszynska et al., 2011; Kalu et al., 2022). Researchers
have reported that some water-soluble polysaccharides
(AMP) and some other substances (such as armillarikin,
and armillaridine) obtained from this fungus have
cytotoxic effects on different cancer cells (Wu et al.,

2012; Chenetal., 2016). In addition, it has been detected
that some sesquiterpene-class compounds (4-O-
methylmelleolide, judeol, melleolide) and armillaric acid,
and it has antimicrobial effects (Donnelly et al., 1985;
Obuchi et al., 1990). Infundibulicybe geotropa (Bull.)
Harmaja, an edible macrofungus species, develops by
forming ring-shaped associations in grassy areas of
deciduous or mixed forests usually in autumn (Phillips,
1981). It has been determined by studies that it has
antioxidant, antigenotoxic, neuroprotective, antimicrobial
(Altinsoy et al., 2017; Kosanic¢ et al., 2020; Sevindik et
al., 2020). L-amino acid oxidases obtained from this
mushroom have been shown to have cytotoxic activity
(Pislar et al., 2016). Leucopaxillus gentianeus (Quél.)
Kotl. is a bitter-tasting inedible macrofungus grown under
trees in coniferous or deciduous forests (Moser, 1983).
Cucurbitacin, a triterpene isolated from this mushroom,
has many bioactive properties such as antimicrobial,
antioxidant and antitumor (Kanani and Pandya, 2023;
Delgado-Tiburcio et al., 2022). Medicinal mushroom
Trametes versicolor (L.) Lloyd is an inedible
macrofungus with wavy margins and fan-shaped sessile
basidiocarps that grow in rows on dead stumps, trunks
and branches of broadleaf rarely coniferous trees. There
are concentric zones of different colours on the
basidiocarps and the lower surface is porous (Jordan,
1995; Cui and Chisti, 2003). The high bioactivity of the
polysaccharides (polysaccharide krestin,
exopolysaccharides, polysaccharide peptide) obtained
from this mushroom has attracted the attention of
researchers and has been proven to have antiviral
antimicrobial, antioxidant, anti-inflammatory  and
antitumor properties (Akagi and Baba, 2010; Sun et al.,
2014; Duvnjak et al. 2016). Our aim in the present study
is to reveal in vitro some biological activities of A. mellea,
I. geotropa, L. gentianeus and T. versicolor species
collected from their natural habitats and to contribute to
the studies on this subject.

Material and Metod

Mushroom samples

Mushroom samples that constitute our study
material [A. mellea (Turkish name: Bal mantari), |I.
geotropa (Turkish name: Etge), L. gentianeus (Turkish
name: Boz hunisapka) and T. versicolor (Turkish name:
Hindikuyrugu )] were collected while in regular field trips
in Tokat province (Turkiye) (Sesli et al., 2020). The
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mushroom samples were photographed in the field, then
they were brought to the laboratory environment by
wrapping them in separate paper packages without being
damaged. Using data collected from the field and
microscopic features revealed as a result of laboratory
studies, the samples were diagnosed by Dr. Hakan Isik.
The samples were dried with the help of a fan heater
(Kumtel LX-6335 2000 W) at approximately 50°C and
stored in polyethene bags for further studies.

Extraction procedure

In this study, the methods applied by Barros et al.
(2007) and Redfern et al. (2014) was changed and used
in the extraction processes. The identified dry samples
were powdered separately and the extraction process of
the samples was performed for 24 hours in 400 mL
absolute ethyl alcohol using the soxhlet. Then, the solvent
was removed at 40°C with the help of an evaporator and
a dry-pure substance was obtained. To prepare the main
stock, 0.2 g of dry pure substance was taken and
redissolved in ethanol (10 mL). The prepared solution
was sterilized using a 0.22 ym diameter syringe filter and
kept at -20°C until the bioactivity analysis. The rest of the
pure substance was stored at +4°C.

Antimicrobial Activity

In-vitro antimicrobial activity analyses of ethanol
extracts of mushroom samples were carried out making
use of the micro-broth dilution method. Escherichia coli
ATCC 25922 and Pseudomonas aeruginosa ATCC
27853 (two gram-negative bacteria), Staphylococcus
aureus ATCC 29213 and Enterococcus faecalis ATCC
29212 (two gram-positive bacteria) and Candida albicans
ATCC 10231 (a yeast fungus) were selected as indicator
microorganisms. Serial dilutions of sample extracts
varying in the density range of 1000 — 31.25 pg/mL were
made in MHB (Mdller Hilton Broth). Then, 100 yL was
taken from each of them and transferred to ELISA multi-
well plates. The density of indicator microorganisms
grown in 10 mL MHB medium for 16-24 hours in a shaker
incubator was adjusted to 1.5 x 108 CFU/mL according to
McFarland standard (No: 0.5). After dilution of 1/100 of
the prepared bacterial and yeast suspensions, 100 uL
was transferred to the wells. Plates were kept in an
incubator at 30°C for 48 h for indicator yeasts and at 37
°C for 24 h for indicator bacteria. At the end of the
incubation, measuring the absorbance value was
performed at 600 nm by BMG LABTECH'’s ultra-fast
UV/vis  spectrophotometer (SPECTROstar Nano,
Germany) and the minimum inhibitory concentrations
(MIC) values were determined. In the analyses positive
control dilutions were prepared of antibiotics (Fluconazole
and Ciprofloxacin) whose effective on indicator
microorganisms was utilized, and as negative control 200
yL of indicator bacteria and yeast solution was utilized.

(2024)15(2)60/69

All analyses were performed according to CLSI guidelines
(The Clinical & Laboratory Standards Institute) (Balouiri et
al. 2016).

Antibiofilm activity

For biofilm analysis in the present study, the
method proposed by Christensen et al. (1982, 1985) was
used with slight modification. As indicator pathogen
microorganisms Staphylococcus aureus ATCC 29213,
Pseudomonas aeruginosa ATCC 27853, Escherichia coli
ATCC 25922, Enterococcus faecalis ATCC 29212 and
Candida albicans ATCC 10231 were used. Firstly,
pathogenic microorganisms were grown in MHB medium,
then taken into Tryptic Soy Broth (TSB) medium including
2% dextrose (glucose) and incubated overnight at 37°C.
In microplate wells, 100 yL of pathogenic microorganism
suspension whose densities were adjusted by comparing
with 0.5 McFarland standard and 100 pL of extracts
prepared in six several densities in the range of 500-15.62
pg/mL in TSB was added. Following 24 hours of
incubation at 37°C, the medium in the wells was poured,
and sterile PBS (phosphate-buffered saline) solution was
used to clear the planktonic cells from the plates. Then
the plates were left at room temperature for 2 hours to dry
and painted for 15 minutes with 200 uL crystal violet
solution (1%). Following they were washed 3 times with
PBS solution to clean the paint that did not adhere to the
analysis. At last, methanol/acetone (80/20) solution was
transferred to the microplates to dissolve the crystal
violet. OD (optical density) was measured at 595 nm
using ELISA microplate reader BMG LABTECH's ultra-
fast UV/vis spectrophotometer (SPECTROstar Nano,
Germany). In the analyses, negative control
microorganism suspensions (200 uL ) and positive control
TSB including 2% glucose were used. The analyses were
performed 3 times and the mean of the values were
calculated. % BIC (biofilm inhibition concentration) was
computed using the formula [BIC: OD negative control — OD
experimental group X 100/ OD negative control].

Cytotoxic Activity

Cell Culture

In our study, human breast cancer cell lines (MDA-
MB-231, MCF-7) and healthy mouse fibroblast cell lines
(L929) were used. Cell lines in the study were purchased
from ATCC (American Type Culture Collection). DMEM
(Dulbecco's Modified Eagle Medium High Glucose-Gibco)
with L-glutamine was used as the medium for cell
proliferation. Then, penicillin-streptomycin (1%) and 10%
FBS (fetal bovine serum) (Sigma) were added to the
medium. Cells were grown in this prepared medium in an
incubation medium containing 95% humidity, 5% CO: and
37°C.
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MTT Analysis

The cytotoxic effect of mushroom extracts was
determined using the MTT (3-(4.5-dimethylthiazol-2-yl)-
2.5-Diphenyltatrazilium bromide) method (Danigsman
Kalindemirtas et al., 2021). For this purpose, serial
dilutions of the extracts at seven various concentrations
(2.5, 5, 10, 20, 40, 80, 100 ug/mL) were prepared. MTT is
the formazone salt used for the determination of cell
viability. Cells were seeded into the wells of ELISA plates
at 1 x 105mL cells. After the mushroom extract was
applied to the cells, it was kept in the incubator for 24
hours. After incubation, 50 yL MTT solution (5 mg MTT/1
mL PBS) was added to each well. After the incubation
period was completed, the MTT solution was removed by
aspiration method. Dimethyl sulfoxide (DMSO) was
transferred to the wells. Then plates were kept in
incubation for 2 hours to dissolve the formazan crystals
formed. Cell viability analysis was measured at a
wavelength of 545 nm. Each experimental group was
tested three times and the average value was
determined. As a positive control, Cis-platinum was used
and the selectivity index was determined with the formula:
ICso of healthy cell line/ICso of cancer cell line (ICso: the
half-maximal inhibitory concentration).

Antioxidant Activity Tests

Total Polyphenolic Content (TPC)

Total Polyphenolic Content (TPC) of sample
extracts was determined by changing the Folin-Ciocalteu
method (Singleton and Rossi, 1965). This method is
based on phosphotungstic acid reduction reaction in the
basic solution. To determine the total amount of phenolic
substances, 623.5 pL of 1:10 Folin & Ciocalteu reagent
(phosphomolybdic-phosphotungstic acid reagents) and
12.5 pL of the mushroom samples (concentration 1
mg/mL) were transferred to the tubes and mixed by
vortex. After waiting for a few minutes, 125 yL of 20%
Na2COs solution was added to the mixture and vortexed
again. The final mixture obtained was kept for 30 minutes
in a dark environment at room temperature and
absorbance was read at 700 nm wavelength using BMG
LABTECH's ultra-fast UV/vis  spectrophotometer
(SPECTROstar Nano, Germany). A gallic acid (used as a
positive control) standard graph was created according to
the absorbances obtained. The results in the study were
given as mg gallic acid equivalents (GAE)/100g dried
sample.

Determination of Radical Scavenging Activity

The 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical
scavenging activity method is the most widely used
method among the antioxidant activity determination

(2024)15(2)60/69

methods. In this study, the DPPH radical scavenging
capacity of mushroom extracts was tested by changing
the method proposed by Blois (1958). 3.94 mg DPPH was
prepared in ethyl alcohol/2100 mL. A determined amount
(1-1000 pg/mL) was taken from the stock solutions of the
samples, 1 millilitre of DPPH was added, and ethyl
alcohol was added until the volume of the sample in the
tube was 4 mL. After vortexing, it was left to incubate for
50 minutes. After incubation, the absorbance value of
each sample was measured at 517 nanometers with a
spectrophotometer. Ascorbic acid, a natural antioxidant,
was used as a positive control to compare the results.
Free radical scavenging activities (RSA) by determining
the absorbance values of the extracts

[(OD negative control — oD experimental group) / OD negative
control] X 100 calculated with the formula.

From the graph drawn with the % inhibition values
calculated against the antioxidant concentrations fifty
antioxidant concentrations causing inhibition (ICso) were
calculated.

Ferric Reducing Antioxidant Power (FRAP)

Ferric Reducing Antioxidant Power (FRAP)
analyzes of ethanolic extracts of the mushrooms were
made by changing the method of Benzie and Strain
(1996), and (Harris, 1992). Trolox (6-Hydroxy-2,5,7,8-
tetramethylchroman-2-carboxylic acid) was utilised as a
positive control. 100 uL of stock solution was taken and
the volume was completed to 1.25 mL with phosphate
buffer (0.2M, pH=6.6), then 1.25 mL of potassium ferric
cyanide [KsFe(CN)s] (1%) was transferred. This mixture
was incubated at 50°C for 20 minutes. After incubation,
TCA (1.25 mL, 10%) and FeCls (0.25 mL, 0.1%) were
added to this mixture. The absorbance of the resulting
mixture was recorded at 700 nm. The results were given
as Jug Trolox equivalents (TE)/100g dried sample.

Results and Discussions

Antimicrobial Activity

In the study, antimicrobial activities of the extracts
obtained from wild mushroom species were analyzed
against 5 different microorganisms with the broth
microdilution method. It was observed that none of the
extracts showed effectiveness on P. aeruginosa and E.
coli. On the other hand, it was observed that the extracts
obtained from A. mellea, |. geotropa and L. gentianeus
had a low effect on S. aureus. In addition, A. mellea and
T. versicolor extracts were found to be slightly effective
on C. albicans (Tablel).
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Table 1. MIC values of macrofungi samples against indicator microorganisms (ug/mL)

E.coli E. faecalis P. aeruginosa S. aureus C. albicans
ATCC 25922  ATCC 29212 ATCC 27853 ATCC 29213 ATCC 10231
A. mellea 500 250 500 125 250
|. geotropa 500 250 500 125 500
L. gentianeus 500 250 500 125 500
T. versicolor 500 250 500 250 250
Ciprofloxasin <19 <19 <19 <19
Fluconazole <1.9

The literature and our results show similarity
Yamag and Bilgili (2006) determined that A. mellea and |.
geotropa extracts were less effective on S. aureus.

Dundar et al. (2016) determined that methanol
extracts of A. mellea were not effective on S. aureus and
P. aeruginosa, but showed low activity on E. coli. Giri et
al. (2012) reported that methanol extracts of A. mellea
had little effect on E. coli and S. aureus, but were
ineffective against P. aeruginosa and C. albicans.In
another study, the extract obtained from the mycelia of A.
mellea showed antimicrobial effect on E. coli and S.
aureus, but it did not show sufficient efficacy on C.
albicans (Barranco et al., 2010). Previous studies have
shown that some sesquiterpene-class compounds (such
as 4-O-methylmelleolide, judeol, melleolide) and
armillaric acid isolated from A. mellea have antibacterial
and antifungal effects (Donnelly et al., 1985; Obuchi et al.,
1990). Dizeci et al. (2021) determined that I. geotropa
extract was effective on E. faecalis. Altuner and Akata
(2010) found that I. geotropa extract was effective against
P. aeruginosa. However, it had no effect on C. albicans
and E. coli. SterniSa et al. (2022) reported that the L-
amino acid oxidase activity in |. geotropa has
antimicrobial and antibiofilm activity. In a different study,
methanol and dichloromethane extracts prepared from L.
gentianeus showed varying degrees of activity on some
bacteria and yeasts (Sevindik, 2021). In a way that
supports this, some researchers have reported various
biological activity of Cucurbitacin isolated from L.
gentianeus (Clericuzio et al., 2004; Kanani and Pandya,
2023). In our study, ethanol extracts obtained from T.

versicolor showed little effect on E. faecalis, S. aureus
and C. albicans, but did not show antimicrobial effect on
P. aeruginosa and E. coli. Ozgor et al. (2016) determined
that different extracts of T. versicolor were effective on P.
aeruginosa, E. coli, E. faecalis, S. aureus and C. albicans
with zone diameters ranging from 5 to 10.33 mm. In
addition, another study shows that T. versicolor has
different degrees of antimicrobial activity on P.
aeruginosa, S. aureus, E. faecalis and C. albicans strains
(Kaplan et al., 2021).

Polysaccharide-peptide complexes,
polysaccharide crestin (PSK), polyphenols and
terpenoids produced by T. versicolor have been revealed
to have antimicrobial activity on various pathogens
(Matijasevi¢ et al., 2016).

Antibiofilm activities

In this study, the biofilm inhibitory effects of
macrofungi collected from their natural habitats on some
gram positive (S. aureus, E. faecalis) bacteria and gram
negative (E. coli, P. aeruginosa) and C. albicans were
tested. According to the results of the study, it was
observed that the macrofungi samples had varying
degrees of antibiofilm effects on microorganisms. L.
gentianeus extract had the lowest activity on E. faecalis
(24.6%), while I. geotropa extract had the highest activity
on E. coli (80.5%).

In addition, it was observed that A mellea and T.
versicolor were not effective on C. albicans and E.
faecalis, and I. geotropa on E. faecalis, P. aeruginosa and
C. albicans. L. gentianeus was not effective only on C.
albicans strains (Table 2).

Table 2. Anti-biofilm activity of mushroom ethanolic extracts [concentration (ug/ml, A) and biofilm inhibition

concentration (%, BIC)]

E. coli P. aeruginosa S. aureus E. faecalis C. albicans
ATCC 25922 ATCC 27853 ATCC 29213 ATCC 29212 ATCC 10231
A BIC A BIC A BIC A BIC A BIC

(Mg/mL) % (ug/mL) %

(Mg/mL) % (ug/mL) % (Mg/mL) %

A. mellea 125 75.6 125 78.04
I. geotropa 500 80.5 - -

L. gentianeus 250 79.7 250 71.1
T. versicolor 250 46.8 250 78.1

500 70.7 - - - -
250 54.2 - - - -
250 67.5 250 24.6 - -
500 27.1 - - - -
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Studies by other researchers on the antibiofilm
activities of mushrooms are very limited. In recent years,
some researchers have reported that mushrooms have a
significant antibiofilm activity. Dizeci et al. (2021), similar
to our study, found that extracts of I. geotropa exhibited
biofilm inhibitory activity against E. coli. However, while
their study detected activity against P. aeruginosa, our
study did not observe this effect. SterniSa et al. (2022)
determined that |. geotropa extracts had antibiofilm
activity on Salmonella infantis.

Antioxidant Activity

Antioxidant activities of macrofungi samples were
determined using the methods of TPC, DPPH radical
scavenging activity and FRAP analysis. The results are
shown in Table 3.

In the FRAP analysis of mushroom extracts, the
graph equation obtained according to the calibration
curve was found as (y = 0.0031x-0.0012, R?=0.9999) and
the amount of iron reducing power in the extracts was
calculated as equivalent to trolox. As a result of the
analysis of mushroom samples, the ferric reducing power
was observed to be the highest in T versicolor extracts.
When the results obtained in the study were compared
with the literature, it was seen that the reducing power of
I. geotropa and L. gentianeus was compatible with the
literature (Kolayli et al., 2012; Barros et al., 2007), while
the reducing power of A. mellea was lower than expected
(Dindar et al., 2016; Popescu et al., 2016). When the
antioxidant properties of the mushroom samples used in
the study were assessed in terms of their radical
scavenging effects, it was determined that the species
with the strongest antioxidant properties was A. mellea
with an ICso value of 0.105 mg/mL. When compared with
different studies, it was observed that the radical
scavenging effect of A. mellea samples was stronger than
the samples in the literature (Lung and Chang, 2011;
Dindar et al.,, 2016; Aytar et al., 2020). The results
obtained for L. gentianeus and T. versicolor species were
found to be compatible with the literature (Tel et al., 2013;
Herawati et al., 2021). Phenolic compounds that have
antioxidant properties with metal chelating and free
radical capture properties are considered to be the most
important group of water-soluble antioxidants. In this
sense, the total phenolic content of mushroom samples
was determined in this study. In our study, the graph
equation obtained according to the calibration curve was
found as (y = 0.0012x+0.0726, R?=0.9997) and the total
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quantity of phenolic substances contained in the
mushroom samples was calculated in terms of gallic acid.
As a result, it was observed that the species with the
highest polyphenol content was T. versicolor. While the
total phenolic content of A. mellea species was found to
be quite low (Aytar et al., 2020; Lung and Chang, 2011),
it was seen to support the literature (Wang and Xu, 2014).
In the study, the total amount of phenolic substances
determined for L. gentianeus and T. versicolor was found
to be compatible with the literature.

Table 3. Antioxidant activity values of mushroom
ethanolic extracts
TPC DPPH FRAP
(mg GAE/100g) (ICso mg/mL)  (ug TE/100g)
9.5+ 0.006 0.105+0.001 21.032 £ 0.005

13.666 + 0.001 0.170+0.002 12.967 £ 0.003
4.083 + 0.002 0.237+0.001 23.72 + 0.006
29.916 £ 0.002 0.363+0.004 40.709 £ 0.003

. 0.004+0.000

1. A. mellea 2. 1. geotropa 3. L. gentianeus 4. T. versicolor 5. Ascorbic
acid

aprpwd R

Antioxidant activity is one of the most important
activities that mushrooms have shown. The content of
secondary metabolites in the extracts and environmental
conditions affecting the manufacture of secondary
metabolites determine the power of antioxidant activity.
For example, stressful environments increase antioxidant
activity (Wardani et al., 2020; Lung and Chang, 2011).

Ascorbic acid, B-carotene, flavonoids and phenolic
acids obtained from A. mella are chemicals with
antioxidant properties (Lung and Chang, 2011). Phenolic
substances (for example catechin, coumaric acid,
chlorogenic acid etc.) obtained from |. geotropa and
phenolic compounds (for example phenolic acids, gallic
acid, catechin, chlorogenic acid etc.) obtained from L.
gentianeus have antioxidant activity (Sevindik et al. 2020;
Sevindik, 2021). Substances such as flavonoids,
triterpenoids, saponins, tannins, and coumarin isolated by
T. versicolor show antioxidant activity (Herawati et al.
2021).

Cytotoxic Analysis

In our study, the antiproliferative properties of
mushroom extracts on breast cancer cell lines were
investigated (Table 4). Cell viability was determined by
MTT analysis. The second most common cancer in the
world is breast cancer. It ranks first among cancer types
seen in women with 25% in terms of incidence (Ferlay et
al., 2015).
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Table 4. Cytotoxic effect values of mushroom extracts on cell lines in vitro (ICso)
MDA-MB-231 MCF-7 L929 Selectivity Selectivity
Index/MCF  Index/MDA
A. mellea 24.56+1.85 20.73+0.56 51.93+1.93 2.11 2.51
l. geotropa 22.75+1.86 33.74+1.05 36.84+2.02 1.62 1.09
L. gentianeus 26.25+1.56 26.96+1.15 54.02+1.83 2.06 2.00
T. versicolor 23.73+£0.47 24.5010.67 50.03+1.78 2.11 2.04
cisplatin 10.39+0.64 8.03+0.23 22.87+0.38 2.20 2.85

While MCF-7 cell line has estrogen receptors, MDA-MB-
231 cell line does not estrogen receptors. Therefore,
these two cancer cell lines were preferred in this study.
Since many polysaccharides, extracted from fungi show
antitumor and immunostimulatory activities, research
continues to explore the antitumor potential of various
mushroom species (De Silva et al., 2013; Poyraz et al.,
2015).

Wu et al. (2012) according to the study; they
isolated a polysaccharide called AMP from Armillaria
mellea. They demonstrated that AMP showed
antiproliferative properties in A549 cells by activating the
pathways of caspase-3 and caspase-9. Chen et al. (2016)
found that the armillarikin substance isolated from A.
mellea had a cytotoxic effect on human hepatocellular
carcinoma. In our study, although the selectivity indexes
of A. mellea were not very different, it was found to have
high antiproliferative properties on breast cancer cell
lines.

Altinsoy et al. (2017) reported that while the
methanolic extract of C. geotropa did not show any
cytotoxic effect on the MDA-MB-231 cell line, a cytotoxic
effect was observed in ethanol. Toxicity varied depending
on the concentration. In our present study, we determined
that the ethanolic extracts of C. geotropa had cytotoxic
activity in the MDA-MB-231 cell line.

In the study conducted by Sevindik (2021), it was
observed that L. gentianeus extracts had a cytotoxic
effect on the A549 (lung cancer) cell line. In our study, we
observed a cytotoxic effect on the breast cancer cell line.
The selectivity indexes were found to be high, around 2.

In our literature study, it was seen that the
antitumor activity of T. versicolor mushroom extract was
studied the most among our samples. It has been
observed that the antitumor effect of polysaccharides in
this mushroom species is high. In general, this mushroom
extract inhibits p53 protein expression which is is a breast
cancer-associated protein. Therefore, the extracts of T.
versicolor have a high cytotoxic effect on breast cancer
cell lines (Chauhan et al., 2019). In a study on human
breast cancer cell lines, it was determined that T.
versicolor extracts had antitumor activity on cell lines
without estrogen receptors (BT-20 and MDA-MB-231)
and on cell lines with estrogen receptors (MCF-7 and T-

47D). It was determined that the extracts significantly
inhibited the proliferation of MDA-MB-231, MCF-7 and
T47D cells depending on the dose, but there was no
significant growth suppression in BT-20 cells (Ho et al.,
2005). Our study also supported the literature.

While A. mellea showed selectivity on MCF-7 cells,
I. geotropa and T. versicolor on MDA-MB-231 cells, L.
gentianeus did not show selectivity on either cell line. The
selectivity index is calculated by dividing the healthy cell
ICso0 value by the cancer cell ICso value. A high selectivity
index (especially >3) is a very important feature for
molecules that can be drug candidates. Because one of
the most important side effects of chemotherapeutic
agents used today is to kill healthy cells as well as
cancerous cells (Nurgali et al., 2018). A low ICso value
indicates high cytotoxic activity. The lowest ICso value
was found in A. mellea on the MCF-7 cell line. All
mushroom extracts showed lower cytotoxic activity than
cisplatin after 24 hours of incubation. However, it is known
that plant extracts show high cytotoxic activity when the
ICso value is below ICs0<30 (Shawkey et al., 2013).
Therefore, all fungi used in our study showed high
cytotoxic activity.

Conclusions

Today natural mushrooms seem to be an important
alternative functional foodstuff to increase the diversity of
nutrients at the point of meeting the increasing nutritional
needs with the rapid increase in the human population.
Mushrooms were used for medicinal purposes only in
narrow areas (such as far eastern countries) apart from
using them widely as food in ancient times. Recent
studies on the detection of bioactive compounds
produced by mushrooms have increased. Thanks to the
protective, supportive or therapeutic effects of these
discovered chemicals, they attract attention in the field of
medicine and biopharmaceuticals and bioactivity studies
conducted thanks to newly discovered species, which
continue to increase. As in the studies in the literature, the
results of our study demonstrated that the mushrooms we
tested (A. mellea, |I. geotropa, L. gentianeus and T.
versicolor) have various bioactivity at different degrees
too. Edible mushrooms such as A. mellea and I. geotropa
can be consumed directly while inedible mushrooms such
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as T. versicolor can be consumed in forms such as
extracts, capsules or tea. Primary and secondary
metabolites obtained from these organisms can be a
solution to problems such as the resistance of pathogenic
microorganisms to semi-synthetic or synthetic drugs and
the high costs of drugs used in cancer treatment. There is
a need for extensive studies in terms of subjects such as
the discovery of new metabolites with bioactive
properties, their isolation, extraction of their chemical
structures and their mechanisms of action.
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Abstract: Gymnopus aquosus (Bull.) Antonin & Noordel and Inocybe subporospora
Kuyper were recorded for the first time in Turkiye, among the fungal specimens collected during
field studies in Kitahya. The specimens were identified based on morphological, microscopic
features and analysis of ITS gene sequences. The habitats and characteristic features of the
species are briefly explained and relevant photographs are presented. GenBank accession
numbers were assigned to the samples in this study and phylogenetic trees were constructed to
compare them with similar taxa. Gymnopus aquosus is mainly characterized by and distinguishes
it from related species; have an almost to the center translucently striate, pileus center pale yellow
to ochre, pallescent to almost white towards to margin and a distinctly bulbous base with pinkish-
chromic rhizomorphs. Inocybe subporospora; have spores with an indistinct germ-pore, red-
brown stipe and dark grayish brown pileus with rimulose margin is a very characteristic species
that can be distinguished from its close species with its features.

Key words: Biodiversity, New records, Taxonomy, ITS gene, Phylogenetic

Morfolojik ve Molekiiler Degerlendirmelerle Tiirkiye’den iki Yeni Kayit:
Gymnopus aquosus ve Inocybe subporospora

Oz: Kiitahya ilinde yapilan arazi calismalari sirasinda toplanan mantar érneklerinden
Gymnopus aquosus (Bull.) Antonin & Noordel ve Inocybe subporospora Kuyper Turkiye'de ilk kez
kaydedilmistir. Ornekler, morfolojik, mikroskobik dzelliklere ve ITS gen dizilerinin analizine gére
teshis edilmistir. TUrGn habitatlar ve karakteristik 6zellikleri kisaca agiklanmis ve ilgili fotograflar
sunulmustur. Gymnopus aquosus'u benzer turlerden ayiran 6zellikler; ortasi soluk saridan koyu
sariya degdisen renkte fakat kenarlara dogru beyaz renkte olan, neredeyse merkeze kadar yari
saydam gizgili bir sapkaya ve pembemsi-kromik ipliksi doku uzantili belirgin sogansi bir sap
tabanina sahip olmasidir. Inocybe subporospora; belirgin olmayan ¢imlenme agikligina sahip
sporlar, kirmizi-kahverengi sap ve kenarlari kii¢iik ¢catlaklara sahip koyu grimsi kahverengi sapka
Ozellikleriyle yakin turlerinden ayirt edilebilen oldukga karakteristik bir turdur.

Anahtar kelimeler: Biyogesitlilik, Yeni kayit, Taksonomi, ITS gen, Filogenetik
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Introduction

It has been determined that more than 2700
macrofungus species exist in Turkey, whose climatic
conditions are suitable for macrofungal diversity (Sesli et
al., 2020). There are few macrofungal taxonomy studies
regarding the research area, Kitahya (Dogan &
Karadelev, 2006; Dogan et al., 2011; All et al., 2017;
Altuntas et al., 2021). With this study, two new taxa were
identified from Kultahya as new records for the Turkish
macromycota.

The members of Gymnopus are mainly
characterized by basidiomata, usually collybioid,
marasmioid, and gymnopoid, which is a white spore print
with smooth basidiospores that are commonly ellipsoid to
oblong. The genus Gymnopus (Pers.) Roussel is known
to contain approximately 300 species (Hu et. al. 2022;
Index fungorum, 2024). The member of the genus, G.
aquosus, is common throughout Europe (Antonin et al.,
2013). In the current checklist of Turkiye fungi, it was
reported that there were 55 taxa in the genus Gymnopus
(Sesli et al., 2020). A study conducted subsequent to the
publication of the checklist resulted in the addition of a
new species to the genus Gymnopus in Turkiye, thereby
increasing the number of taxa to 56. (Sesli, 2022).

Members of the genus Inocybe are generally
characterized by the nonglutinous pileus, brownish
mature lamellae, distinctive odors, pigmented
basidiospores with a smooth exosporium and lack of or a
indistinct germ pore, presence of pleurocystidia, and
occurrence on soil (Matheny et. al. 2020). This genus has
1050 species described in the world (Matheny and
Kudzma, 2019; Index fungorum, 2024).

According to the checklist of the fungal taxa in
Tarkiye, there are 211 taxa in our country. (Sesli et al.,
2020). Inrecent years, studies on the Inocybe genus have
intensified in our country (Akata et. al., 2023), and even
two new species have been introduced to the world
(Kaygusuz et. al., 2022a; Kaygusuz et. al., 2022b). With
these latest studies, the number of taxa belonging to the
Inocybe genus has increased to 215.

Materials and Methods

In recent years, some challenges associated with
the identification and taxonomy of fungi have been
addressed through molecular analyses. Given that some
members of the genus Gymnopus are
morphotaxonomically very similar to each other, and
phylogenetic studies are recommended for species
identification (GOl et.al. 2017). In most instances, results
from molecular analyses furnish researchers with reliable
and valuable information for identification. Consequently,
in this study, both molecular and phenotypic methods
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were employed to identify the macrofungi specimens
collected from Kitahya province.

Field and Laboratory Studies

Macrofungi specimens were collected from
Kitahya province during routine field trips conducted from
2011 to 2013. Kutahya province, has a transitional climate
that blends the Aegean, Mediterranean and Central
Anatolian regions. This province has boast rich
vegetation, including forests consisting of Pinus L.,
Quercus L., Cedrus Trew and Castanea Mill. The climatic
and floral conditions of the region positively affect
macrofungal diversity.

During the field study, the morphological and
ecological characteristics of the samples were recorded
and photographed. Coordinate and altitude information of
the area where they were collected was noted. After their
smell and taste were examined and noted then the
samples were transferred to the laboratory at Mugla Sitki
Kogman University.

The spore prints and microscopic properties of the
samples brought to the laboratory were determined using
a light microscope Leica DM750) and the samples were
dried in the drying cabinet. The specimens were
morphologically identified using macroscopic,
microscopic, and ecological features with the help of
Kuyper (1986), Antonin and Noordeloos (2010), Bellu
(2012), Jacobsson & Larsson (2012), and Antonin et al.
(2013).

The identified specimens are deposited at the
Fungarium of Mugla Sitki Kogman University (MSKU).

Molecular Methods

Genomic DNA was isolated from 0.02-0.1 ¢
mushroom specimens using the Qiagen Plant Mini Kit.
PCR amplification was conducted using the primers
ITS1F (Gardes & Bruns, 1993) and ITS4 (White et al.,
1990). The PCR mix included 2 pl of DNA template (50-
100ng), 5 ul of 10X buffer for Taq DNA polymerase, 4 pl
of MgCI2 (25mM), 1 pl of dNTP mix (10mM), 1 pl of each
primer (10 pmole each), 1 pl Taq polymerase (0.5 unit),
and distilled water. The PCR program consisted of an
initial denaturation at 95 °C for 3 minutes, followed by 35
cycles of denaturation at 95 °C for 1 minute, annealing at
52 °C for 1 minute, and extension at 72 °C for 2 minutes.
An additional extension of 10 minutes at 72 °C was
performed before storage at 4 °C. The success of PCR
was confirmed by agarose gel electrophoresis on a 1%
agarose gel stained with ethidium bromide and
visualized using a gel imager (DNR Bio miniBis Pro,
Israel).

The PCR products were purified using Fermentas
PCR Purification Kit and sequenced by Macrogen
(Holland) using the same primers. The sequences were
edited using BioEdit program (Hall, 1999) to obtain the
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full contig sequence. Phylogenetic analysis was
performed using Mega 6 program (Tamura et al., 2013).

The evolutionary history was inferred using the
Neighbor-Joining (Saitou & Nei, 1987), Maximum
Likelihood (Tamura & Nei, 1993), and Minimum
Evolution (Rzhetsky & Nei, 1992) methods. In Neighbor-
Joining and Minimum Evolution methods (Nei & Kumar,
2000; Felsenstein, 1985), Evolutionary distances were
computed using the Kimura 2-parameter method
(Kimura, 1980) and are expressed in the units of the
number of base substitutions per site. The Minimum
Evolution tree was searched using the Close-Neighbor-
Interchange (CNI) algorithm (Nei & Kumar, 2000) at a
search level of 1. The Neighbor-Joining algorithm (Saitou
& Nei, 1987) was used to generate the initial tree.

The Maximum Likelihood method was conducted
based on the Tamura-Nei model (Tamura & Nei, 1993).
Initial tree(s) for the heuristic search were obtained
automatically by applying Neighbor-Join and BioNJ
algorithms to a matrix of pairwise distances estimated
using the Maximum Composite Likelihood (MCL)
approach, and then selecting the topology with superior
log likelihood value. The tree was drawn to scale, with
branch lengths measured in the number of substitutions
per site.

The sequences have been deposited in GenBank.
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Results

Identification and Taxonomy of the macrofungi
species

Basidiomycota

Agaricomycetes

Agaricales

Omphalotaceae

Gymnopus aquosus (Bull.) Antonin & Noordel.

Pileus 25-60 mm, convex to plane, when moist
pale yellowish to ochre, pallescent on drying to almost
white, strongly hygrophanous, translucently striate,
smooth, glabrous, marginal zone often undulating with
age. Gills adnate-emarginate, medium spaced, white to
pale cream, edges pruinose. Stem 20-80 x 2-4 mm,
cylindrical, smooth, glabrous, concolorous with or paler
than cap. Odor fungoid, taste mild. Spores 4.8-7 x 2.9-
3.6 um, ellipsoid to oblong or dacryoid. Basidia, 18 — 27
x 5—8 um, 4 spored.

Gymnopus aquosus is a widespread species
found throughout Europe This species starts to appear in
late April (Antonin et al., 2013).

Specimens Examined: Turkiye, Kiatahya -
Afyonkarahisar highway 30th kilometer, Altintag, Pusan
Memory Forest, 39°09'49.1"N and 30°08'38.6"E, 1071m,
Quercus sp. collected on 04.06.2011, Alli 3651; Gediz,
Pinus nigra forest, collected on 25.05.2012, Alli 4198.

GenBank number for ITS sequence: KR264910.1

Figure 1. Gymnopus aquosusa, b, e. basidiocarp-s, c. basidiospores, d. basidiurh

Basidiomycota

Agaricomycetes

Agaricales

Inocybaceae

Inocybe subporospora Kuyper

Pileus 8-40 mm, convex to plane, with or without
umbo, fibrillose tomentose, later breaking up to become
finely scaly, not rimulose at the margin, dark red brown
or brown. Gills narrowly adnate, pale brown to brown,
edge fimbriate, whitish to concolorous. Stem 20 — 45 x 4

-7 mm, red brown, but at first covered with white fibrils,
pruinose in the upper part, cortina present in very young
specimens. Odor and taste spermatic. Spore 8.5-10.4 x
4.8-6 ym, ovoid to subamygdaloid with obtuse apex, with
indistinct germ pore. Pleurocystidia 50-65 x 12-22 um,
broadly fusiform to subutriform, walls up to 2 uym thick
with crystalliferousapex. Basidia, 26.54 - 33.4 x 8 - 11.7
um, 4 spored.

It grows with conifers or Salix L. in sandy habitats
(Knudsen and Vesterholt, 2008).
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Specimens Examined: Turkiye, Kitahya, Simav,
Caysimav, Donuzkiran area, 39°07'23.5"N and
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28°51'29.3"E, 801m,P. nigra forest, 28.04.2012, Alli
4103. GenBank number for ITS sequence: KR264912.1

Figure 2. Inocybe subporospora; a — b. basidiocarps, c. basidiospores, d. pleurocystidium, e. basidium

Discussion

Gymnopus aquosus and G. dryophilus are very
similar species, but they differ from each other in the
color of the basidiocarp and stem features. Gymnopus
aquosus has a rather pale basidiocarp and a distinctly
bulbous stipe and base with pinkish rhizomorphs,
distinguishes it from G. dryophilus (Knudsen and
Vesterholt, 2008; Antonin and Noordeloos, 2010) (Figure
1). In addition to these morphological differences, it has
been demonstrated that G. aquosus and G. dryophilus
can be clearly distinguished by ITS gene sequences
(Figure 3).

In the present study, we report Gymnopus
aquosus as the 57" -taxon of Turkish Gymnopus.
Inocybe subporospora, belonging to Subgen. Inocybe
and Sect. Tardae Bon, is characterized by its spores.
Each spore has a small germ pore, distinguishing it from
other Inocybe species. However, observing this tiny
germ pore under a light microscope can be challenging,
so it should be examined carefully. Inocybe luteipes J.
Favre also has germ pores, but |. subporospora can be
distinguished from 1. luteipes by its dark grayish-brown
pileus with a rimulose margin (Jacobsson and Larsson,
2012) (Figure 2).

In a recent study, it was stated that the type
collection of Inocybe subporospora was mixed and the
ITS gene sequences of the lectotype of this collection are
quite similar to Inocybe tjallingiorum Kuyper. In the same
study, it was suggested that I. subporospora should be

considered a synonym of I. tjangilliorum(Bandini et al.,
2021). The ITS gene sequence of the sample presented
in this study undoubtedly matches with I. subporospora.
It has been shown that I. subporospora separately
branched with high bootstrap value (Fig. 4). The ITS
gene sequence of our sample was compared with the
gene sequence of I. tjallingiorum that mentioned in the
study and it was determined that they showed 63%
similarity. Furthermore, |. subporospora (Sect. Tardae)
and I. tjallingiorum (Sect. Splendentes) are two distinct
species that are located in different sections. They
exhibit notable morphological and microscopic
differences. For instance, I. tjallingiorum is distinguished
by a more conical cap and a grayish brown or pale
ochraceous stipe. In contrast, |. subporospora is
characterized by a convex cap and a dark red brown
stem (Knudsen and Vesterholt, 2008; Cervini, 2021).
Another clear distinction is that I. tjallingiorum have a
dark umbo on the cap center (Matheny and Kudzma,
2019). For these reasons, our research sample is I.
subporospora. Additionally, Index Fungorum, which we
have already cited as a source for naming macrofungi,
accepts these two as separate species. To eliminate
such confusion, further molecular studies on the Inocybe
genus and comparisons according to the characteristics
of the species are recommended. This study is of
significant importance in this context.
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Figure 3. Phylogenetic position of Gymnopus aquosus, a. Neighbour Joining tree. b. Maximum
Likelihood tree. c. Minimum Evolution tree. All analysis involved 11 nucleotide sequences. All positions
containing gaps and missing data were eliminated. There were a total of 724 positions in the final dataset.
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Figure 4. Phylogenetic position of Inocybe subporospora, a. Neighbour Joining tree. b. Maximum Likelihood
tree. c. Minimum Evolution tree. All analysis involved 13 nucleotide sequences. All positions containing gaps

and missing data were eliminated. There were a total of 460 positions in the final dataset.
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The results of this study, which included
macroscopic, microscopic, and phylogenetic analyses,
demonstrated the presence of G. aquosus and |I.
subporospora in our country and contributed to the
diversity of macrofungi in Turkiye.

Additionally, in a study examining the relationship
between I. subporospora and plants, it was found that the
fungus selected P. nigra as its host, and an
ectomycorrhizal association was established between
them (Seress et al., 2016). The specimen presented in
this study was obtained from a P. nigra forest, providing
further evidence of this mycorrhizal association.

The number of taxa belonging to the Inocybe genus
distributed in Turkiye has increased to 216 with the I.

subporospora reported in this study.
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Oz: Bulasici hastaliklar yillardan beri diinya ¢apinda éliimlerin 6nde gelen nedenlerinden
biridir. Ozellikle ¢oklu ilag direncine sahip Metisiline Direngli Staphylococcus aureus (MRSA)
suslari, dinya capinda halk saghgini tehdit eden en O6nemli unsurlarin basinda gelir.
Basidiomycetes grubu mantarlar umut verici bir antibakteriyel bilesik kaynagi olarak
bilinmektedirler. Bu calismada Ramaria aurea (Schaeff.) Quél’nin metanol ve etanol
ekstraktlarinin patojen standart mikroorganizmalara karsi antimikrobiyal ve klinik 6rneklerden
izole edilen MRSA suslarina karsi anti-MRSA aktivitesinin belirlenmesi amaglanmistir.
Antimikrobiyal aktiviteyi belirlemek icin sivi mikrodilisyon metodu kullaniimigtir. Kullanilan suslara
ekstraktlarin 12.5-0.006 mg/ml arasindaki konsantrasyonlari uygulanmistir. Metanol ve etanol
ekstraktlarinin, standart bakteri suslarina karsi 0.19-6.25 mg/ml araligindaki dozlarda
antibakteriyal aktiviteye sahip oldugu tespit edilirken, her iki ekstraktin da en etkili oldugu susun
0.19 mg/ml dozla Bacillus cereus susu oldugu goriimuistir. Ayrica metanol ve etanol
ekstraklarinin her ikisinin de antifungal bir etkisi belilenememistir. Metanol ekstraktinin g¢aligilan
tim MRSA suslarina karsi 0.04-6.25 mg/ml araligindaki dozlarda anti-MRSA aktivitesi gosterdigi
belirlenirken, etanol ekstraktinin bu suslarin tamamina karsi 0.19-3.12 mg/ml araligindaki
dozlarda anti-MRSA aktivitesine sahip oldugu tespit edilmistir. Sonug¢ olarak ¢alisilan Ramaria
aurea ekstraklarinin antibakteriyal ve anti-MRSA etkiye sahip oldugu belirlenmis olup bu tirin
antimikrobiyal ajanlarin dogal bir kaynagi olabilecegi ve farmakoloji endistrisinde kullanilabilecegi
soylenebilir.

Anahtar kelimeler: Antifungal, Antimikrobiyal, Anti-MRSA aktivite, Basidiomycota,
Metisilin direngli Staphylococcus aureus,

Determination of Anti-MRSA and Antimicrobial Activity of Ramaria aurea
Extracts

Abstract: Infectious diseases have been one of the leading causes of death worldwide for
years. Especially multidrug-resistant Methicillin-Resistant Staphylococcus aureus (MRSA) strains
are among the most important threats to public health worldwide. Basidiomycetes group fungi are
known as a promising source of antibacterial compounds. This study aimed to determine the
antimicrobial activity of methanol and ethanol extracts of Ramaria aurea (Schaeff.) Quél. against
pathogenic standard microorganisms and anti-MRSA activity against MRSA strains isolated from
clinical samples. Broth microdilution method was used to determine the antimicrobial activity.
Concentrations between 12.5-0.006 mg/ml of the extracts were applied to the strains used. While
methanol and ethanol extracts were found to have antibacterial activity against standard bacterial

CC BY 4.0 Uluslararasi Lisansi altinda lisanslanmigtir / Licensed under the CC BY 4.0 International License.
Atiflamada APA stili kullaniimigtir, iThenticate ile taranmistir./ APA style was used in citation, plagiarism was checked with iThenticate.
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strains at doses ranging from 0.19 to 6.25 mg/ml, the most effective strain of both extracts was
Bacillus cereus at a dose of 0.19 mg/ml. In addition, no antifungal effect was determined for both
methanol and ethanol extracts. While methanol extract was found to have anti-MRSA activity
against all studied MRSA strains at doses ranging from 0.04 to 6.25 mg/ml, ethanol extract was
found to have anti-MRSA activity against all these strains at doses ranging from 0.19 to 3.12
mg/ml. As a result, it was determined that the studied Ramaria aurea extracts had antibacterial
and anti-MRSA activity, and it can be said that this species may be a natural source of
antimicrobial agents and may be used in the pharmaceutical industry.

Keywords: Antifungal, Antimicrobial, Anti-MRSA activity, Basidiomycota, Methicillin

Resistant Staphylococcus aureus,

Girig

Mantarlar aleminin Gyeleri yagam formlariyla diger
alemdeki canlilara benzerlik gdsterse de yasama sekilleri
yeri diger canlilardan oldukga farkhdir. Ornegin saprofit
(curikeul) yasam formlariyla bakterilere, parazit yasam
formlariyla bitkiler ve hayvanlara, simbiyotik yasam
formunun farkli bir versiyonu olan mikorhizal yasam
formlariyla ise hem bitkilere hem de hayvanlara benzerlik
gOsterseler de diger alemlerden mantarlar alemi olduk¢a
farkhdir (Kasik, 2010).

Ozellikle makromantarlar diger hayvanlar ve
bakteriler gibi herdem Dinya Uzerinde fruitbody olarak
tabir edilen, dogada gbzle gdrulebilir sekilleriyle tespit
edilmeleri mimkin degildir. Ozel yasam kosullari
(sicakhk, nem, 1sik, nisbi nem, vb...) diger canlilarinkine
oranla daha dar bir skala igerisinde yer almaktadir.

Canlilar aleminin diger Gyeleri ekstrem kosullarda
bile yasamlarini sirdirmeye devam ederken mantarlarin
cogu form degisikligi gostererek gozle gorilebilir formdan
misel ya da spor gibi zor kosullarda hayatta
kalabilecekleri formlara donusurler. Bu nedenle dogada
her mevsim cesit c¢esit makromantar Uyelerini tespit
etmek mimkin degildir. Ozellikle bahar aylarinda
mantarlarin yasamalarina olanak saglayan nemli ve ilik
havalar sayesinde makromantar tiyelerini dogada gérmek
mumkunddr.

Mantarlar vitaminler, mineraller ve protein gibi pek
¢ok besin 6gdesi agisindan dnemli bilesenler igcerdiginden
uzun yillardan beri gida, ilag, baharat ve hatta dogal
kaynak olarak birgcok kultirel ve dini kullanimlari vardir
(Bal ve ark., 2023). Son yillarda 6zellikle tibbi 6zelligi olan
gidalarda yaygin olarak tlketiimeye baglanmigtir.
Yapilarinda barindirdiklar aktif bilesiklerin sahip olduklari
kimyasal ve besinsel Ozellikleri sayesinde &zellikle
uzakdogu ulkelerinde saglikh ve uzun émurli bir hayat
sturmek icin yillardan beri halk tibbinda kullanila gelmistir
(Kalag, 2009; Sevindik ve ark., 2021).

Mantarlar, birgogu ©6nemli farmasotik Urinlere
dondstirdlmis, cesitli  biyoaktivitelere sahip, zengin
sekonder metabolit kaynaklaridir. Bugine kadar
kesfedilen 15.000'den fazla sekonder metabolit ile
mantarlar, biyoaktif dogal trlGnler arastirmalarinda énemli

bir grup olarak 6ne cikmaktadir (Betts ve Wareham,
2014). Ascomycota ve Basidiomycota filumlarinin
saprotrofik ve kolayca yetistirilebilen mantarlarindan elde
edilen sekonder metabolitler yogun bir sekilde
incelenmistir  (Stodlkova ve ark., 2015). Onceki
calismalar, basidiomisetlerden elde edilen sekonder
metabolitlerin, antimikrobiyaller de dahil olmak lizere ¢ok
cesiti  farmakolojik  aktivitelere  sahip  oldugunu
gOstermistir (Bala ve ark., 2011). Geleneksel olarak
biyoaktif  bilesenler, mantarlarin  meyve veren
gbvdelerinden veya misel ekstraktlarindan ekstrakte
edilmis ve antimikrobiyal, antioksidan, anti-anjiyogenez,
antikanser, immunomodulatér ve antiinflamatuar dahil
olmak Uzere bir dizi farmakolojik aktiviteye sahip olduklari
cesitli arastirmalarda bildirilmigtir (Alves ve ark., 2012; De
Silva ve ark., 2013; Kaur ve ark., 2015; Vallavan ve ark.,
2020).

Bulasici hastaliklar yillardan beri dinya c¢apinda
Olumlerin 6nde gelen nedenidir ve kuresel yillik élimlerin
%25'inden fazlasini olusturmaktadir. Coklu ilaca direngli
bakteriler, bir veya daha fazla antimikrobiyal maddeye
direngli mikroorganizmalardir. Genellikle ticari olarak
temin edilebilen antimikrobiyal ajanlarin bir veya ikisi
disinda hepsine direnglidirler. Staphylococcus aureus,
furunkdil, apse, sepsis, pnémoni ve toksik sok sendromu
gibi bircok hastalikta endike olan 6nemli bir firsatci
patojendir. Metisilin direngli S. aureus (MRSA) ise ¢oklu
ilac direncine sahip bakterilerin basinda gelmektedir
(Ogbole ve ark., 2019).

Antimikrobiyal direncin zorluklari hem saglk
hizmetlerinde hem de toplum ortamlarinda
karsilagiimaktadir ve bu nedenle en c¢ok Ustinde
durulmasi gereken konulardan biridir. Son vyillarda
antimikrobiyal kemoterapi alaninda 6nemli ilerlemeler
kaydedilmis olmasina ragmen, kiresel mikrobiyal
yayilim, 6zellikle gelismekte olan Ulkelerdeki kotl saglik
kosullari, dunya c¢apinda seyahatlerin artmasi,
antibiyotiklerin gelisigizel ve asiri kullanimi ve yeni
patojenik organizmalarin ortaya ¢ikisi nedeniyle daha da
koétulesmistir Bu durum g6z Ondne alindidinda,
enfeksiyon hastaliklarinin énlenmesi ve tedavisi igin yeni
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anti-enfektif ajanlarin arastiriilmasi zorunlu hale gelmistir
(Mahady, 2005; Fernandes ve ark., 2008).

Yapilan bu ¢alismada Ramaria aurea’nin etanol ve
metanol ekstraklarinin standart bazi mikroorganizmalar
Uzerine antimikrobiyal etkisinin ve dzellikle klinik kaynakl
MRSA suslari Uzerine anti-MRSA aktivitesinin tespit
edilmesi amagclanmigtir.

Materyal ve Metot

Mantar tespiti ve ekstraksiyon
Calisma kapsaminda kullanilan Ramaria aurea

Ornekleri yapilan arazi c¢alismalari sirasinda Yenice
(Karabiik) ilgesinden yodun ormanlik alandan
toplanmigtir. Toplama sirasinda &rneklerin teshisini
kolaylagtirmak igin resimleri gekilmistir. Ornek numarasi
verilerek ekolojik ve morfolojik 6zellikleri not edilmistir. Bu
bilgilerle birlikte mantarlar aliminyum folyo i¢ine sarilarak
zarar gérmeden taze olarak laboratuvara getirilmigtir.
Mantar  toplama  tekniginde  aliminyum  folyo
kullanmamizin amaci mantarlarin su ve nem kaybi aza
indirerek mantarlarin zarar gérmeden laboratuara getirilip
kurutulmasi saglanmaktir.

Laboratuvara getirilen mantarlar sirasiyla dnce
Ozel olarak sanayide yaptiriimig kurutma dolabi iginde
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kurutulmustur. Daha sonra kuruyan o6rnekler uygun
bayuklukteki poli etilen kilitli torbalara konularak teshisleri
yapilmistir. Teghis islemi sirasinda mantarlarin makro ve
mikro yapisal 6zellikleri tespit edilerek uygun resimli
kitaplar ve literatlr kontrol edilmigtir (Breitenbach ve
Kranzlin, 1986; Ellis ve Ellis, 1990). incelemeler
sonucunda mantar drneklerinin Latince ve Turkge bilimsel
adlar literatlire gore tespit edilmistir (Sesli ve ark. 2020,
URL-1). Calismamizda kullandi§imiz makro mantarin
sistematik kategorisi, Latince ismi, otor ismi, Tlrkge ismi,
lokalitesi, koordinatlari, ylUksekligi ve toplama tarihi
asagida sirasiyla verilmigtir. Ayrica mantara ait
makroskobik ve mikroskobik Ozellikleri Tablo 1'de
verilmigstir.

Fungi

Basidiomycota

Agaricomycetes

Gomphales

Gomphaceae
. Ramaria aurea (Schaeff.) Quél. (Turkge Bilimsel
Ismi: Gelintellicesi)

Seyir tepesi, 41° 09' 20.00" K — 32° 21' 34.24" D
Yikseklik 508m, 19.11.2022.

Tablo-1: Ramaria aureanin makroskobik ve mikroskobik 6zellikleri

Tar Habitat

Spor Basidium Makroskobisi

Genellikle Kayin agaglarinin
altinda, toprak ve doékuntuler
arasinda

Ramaria aurea

Eliptik, ince sigilli,
hiyalin, 9-11*3.5-5um

Silindir klavat, 4
sterigmali, 40-
50%8-10um

Altin sarisi, ¢ok
dallanmig, mercan
seklinde,

Mantar &rneginin  teshis isleminden sonra
ekstraksiyon islemi icin calismalar baglamistir. Kuru
mantar Orneklerinin dokularindaki nemi tam olarak
atabilmek icin 24 saat boyunca etiivde 45-50°C de
kurutma iglemi yapilmigtir. Kuruyan ornekler mekanik
o6guticilerde un haline gelinceye kadar 6gutliimustir.
Ogutilen mantarlardan ayri ayri 10 g tartilarak soxhlet
ekstraksiyon kartuslari igerisine doldurulmustur. Kartuslar
uygun sekilde soxhlet cihazina yerlestirildikten sonra 110
ml etanol (C,HsO) ve 110 ml metanol (CH;OH) ayri balon
jojelere ilave edilerek ayni anda ekstraksiyon iglemi
baslatiimistir. 8 saat boyunca ekstraksiyon islemi
yapildiktan sonra kartuslarin  igerisinde  bulunan
¢bzicunin seffaflastigl tespit edilince damitma iglemi
sonlandirilp Rotary Evaporatorde ¢bzuculer
uzaklastirilmistir. Elde edilen ekstraktlarda ¢ozticilerin
tamamen uzaklastiriimasi igin steril petri kaplari icerisinde
45°C sicakliktaki etiivde bir giin daha bekletilerek ¢dzlicu
kimyasallardan arindiriimistir.

Mikroorganizma suslari

Calisma kapsaminda antimikrobiyal aktiviteyi
belirlemek icin; Escherichia coli ATCC 25922,

Pseudomanas aeruginosa ATCC, 27853, Klebsiella
pneumoniae ATCC 70603, Metisilin direncli
Staphylococcus aureus (MRSA) ATCC 43300,
Salmonella enteritidis ATCC 13076, Sarcina lutea ATCC
9341, Bacillus cereus ATCC 11778, standart bakteri
suslari ve Candida albicans NRLL Y-417 maya susu
kullanilmigtir. Ayrica anti-MRSA aktiviteyi belirlemek igin
de klinik érneklerden izole edilen 14 adet MRSA susu
kullanilmistir.  Bu suslar Selguk Universitesi, Fen
Fakultesi, Biyoloji Bolimi, Mikrobiyoloji Arastirma
Laboratuvarindan temin edilmistir.

Antimikrobiyal aktivite

Calismada mantar ekstraktlarinin antimikrobiyal ve
anti-MRSA aktivitelerinin belirlenmesi icin CLSI (Clinical
and Laboratory of Standards Institute) (2011) dnerileri
dogrultusunda bazi modifikasyonlarla sivi mikrodilisyon
metodu kullaniimistir (Zengin ve ark., 2014). Metanol ve
etanol eksraktlarinin standart bakteri, maya ve Kklinik
MRSA suglarina karsi Minimim inhibisyon
Konsatrasyonlari (MiK) belirlenmistir. Stok halde bulunan
tim mikroorganizma suslar Brain Hearth Infiizyon
besiyerine ekilerek taze killturleri hazirlandi. Hazirlanan
kaltarlerin  stspansiyonlart 0.5 McFarland standart
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bulanikliginda (108 kob/ml) hazirlandi ve daha sonra her
kuyucuktaki inokulumun son konsantrasyonu 5x10°
Kob/ml olacak sekilde ayarlandi. Steril 96 kuyucuklu
pleytin her bir kuyucuguna 100 pl Mdller Hinton Broth
besiyeri ilave edildi. Baslangigta 50 mg/ml
konsantrasyonda hazirlanan mantar ekstrakt
solusyonlari, mikropleytlerin ilk kuyucuklarina 100 pl
olarak eklendi ve kalan kuyucuklara ekstraktlarin iki kat
dilisyonu (12.5-0.006 mg/mL) yapildi. Daha sonra her
kuyucuga 100 pl kultir sispansiyonu inokiile edildi.
Negatif kontrol olarak DMSO ve pozitif kontrol olarak
Gentamisin kullanildi. Son olarak pleytler 37°C'de 18-24
saat sireyle inkiibe edildi. inkiibasyon siiresinin sonunda

Tablo-2. Sivi Mikrodillisyon ydntemiyle elde edilen MIK de

Test Mikroorganizmalari (mg/ml)

(2024)15(2)79/86

kuyucuklara 20 pl 2,3,5-trifeniltetrazolyum klorit eklendi
ve 30 dakika daha inkiibe edildi. inkiibasyon sonunda
pleytlerde gbézle gorilir bir Gremenin olmadigl yani
pembe veya kirmizi renkte olmayan son kuyucuk ise MiK
olarak belirlendi.

Bulgular

Calismada sivi mikrodilisyon yéntemiyle Ramaria
aurea mantarinin metanol ve etanol ekstraktlarinin
standart mikroorganizmalara ve klinik MRSA suslarina
kars! elde edilen Minimum Inhibisyon Konsantrasyonu
(MIK) degerleri Tablo 2'de gésterilmistir.

erleri

Ramaria aurea Gentamisin Oksasilin
ekstraktlarinin MIK degerleri (mg/ml) (ng/ml)

Metanol

Etanol

Escherichia coli ATCC 25922

2.44

Pseudomanas aeruginosa ATCC 3.12
27853

3.12 9.76

Klebsiella pneumonia ATCC 70603

2.44

Metisilin direncgli Staphylococcus 3.12
aureus( MRSA) ATCC 43300

6.25 78.12

Salmonella enteritidis ATCC 6.25
13076

6.25 4.88

Sarcina lutea ATCC 9341 1.56

3.12 4.88

Bacillus cereus ATCC 11778 0.19

0.19 2.44

Candida albicans NRRL Y-417 -

- 3125

MRSA susu 1 (ES 16) 1.56

3.12 156.25

MRSA susu 2 (ES 25) 0.78

0.19 3125

MRSA susu 3 (ES 29) 0.09

0.19 3125

MRSA susu 4 (ES 67) 3.12

0.39 156.25

MRSA susu 5 (ES 68) 6.25

3.12 156.25

MRSA susu 6 (ES 69) 3.12

3.12 3125

MRSA susu 7 (ES 75) 3.12

3.12 156.25

MRSA susu 8 (ES 93) 0.19

0.19 78.12

MRSA susu 9 (ES 100) 3.12

0.78 78.12

MRSA susu 10 (ES 107) 1.56

1.56 156.25

MRSA susu 11 (ES 110) 3.12

3.12 156.25

MRSA susu 12 (ES 123) 3.12

3.12 78.12

MRSA susu 13 (ES 124) 3.12

3.12 78.12

MRSA susu 14 (ES 128) 0.04

Ramaria aurea’nin metanol ekstrakti
degerlendirildiginde, standart bakteri suslarina kargi 0.19
-6.25 mg/ml dozlarinda antibakteriyal aktivite sahip
oldugu tespit edilmistir (Tablo 2). En etkili oldugu bakteri
susu 0.19 mg/ml MIK degeriyle Bacillus cereus susu
olmustur. Bu susa karsi metanol ekstrakti énemli bir
antibakteriyal aktivite gOstermistir. Salmonella
enteritidis’e kasi 6.25 mg/ml dozda zayif antibakteriyal
etki gosterdigi tespit edilmistir. Pseudomanas aeruginosa
ve metisilin direngli Staphylococcus aureus (MRSA)

0.19 156.25

susuna karsi ise 3.12 mg/ml dozunda aktiviteye sahip
oldugu saptanmistir. Metanol ekstraktinin calisilan
suslardan Gram negatif Escherichia coli ve Klebsiella
pneumoniae suslarina karsi herhangi bir antibakteriyal
aktivite belirlenememistir.

Metanol ekstraktinin MRSA suslari Gzerindeki anti-
MRSA aktivitesine baktigimizda, calisilan tim MRSA
suslarina karsi 0.04 — 6.25 mg/ml dozlarinda degisen
oranlarda aktivite gosterdigi belirlenmistir (Tablo 2). En
yilksek anti-MRSA aktivitesi 0.04 mg/ml MiK degeriyle
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MRSA 14 (ES 128) nolu susa karsi tespit edilirken, en
zayif etki ise 6.25 mg/ml dozuyla MRSA 5 (ES 68) nolu
susa karsi tespit edilmistir. Yapilan galismadan elde
edilen verilere gore 2, 3 ve 8 nolu MRSA suslarina karsi
da yuksek oranda anti-MRSA aktivitesi saptanmistir.
Metanol eksraktinin 4, 6, 7, 9, 11, 12 ve 13 nolu MRSA
suslarin karsl ise 3.12 mg/ml dozunda anti-MRSA
aktivitesi gosterdigi saptanmistir.

Ramaria aurea’nin etanol ekstraktinin standart
suslar Uzerine antibakteriyal etkisine baktigimizda ise
metanol ekstraktina benzer sekilde 0.19 -6.25 mg/ml
dozlarinda antibakteriyal aktivite sahip oldugu tespit
edilmistir (Tablo 2). En ylksek aktivitenin oldugu bakteri
susu 0.19 mg/ml MiK degeriyle B. cereus susu olmustur.
Bu suga kargl etanol ekstrakti da kayda deger bir
antibakteriyal aktivite gdstermistir. Metanol ekstraktina
benzer sekilde etanol ekstrakti S. enteritidis’e kasi da
6.25 mg/ml dozda zayIf antibakteriyal etki gdsterdigi tespit
edilmistir. P. aeruginosa bakterisine karsi 3.12 mg/ml,
metisilin direncli S. aureus (MRSA) susuna karsi ise 6.25
mg/ml MIK degerleri belirlenmistir. Calisilan susglardan
gram negatif E. coli ve K. pneumoniae suglarina karsi
herhangi bir antibakteriyal aktivite saptanamamistir.

Etanol eksraktinin MRSA suslari Uzerindeki anti-
MRSA aktivitesi sonuglarina baktigimizda, ¢alisilan tim
MRSA suslarina karsi 0.19 — 3.12 mg/ml dozunda
degisen oranlarda anti-MRSA aktivitesi gosterdigi
belirlenmistir. En etkili oldugu suslar 0.19 mg/ml MIK
degeri ile 2, 3, 8 ve 14 nolu MRSA suslari olmustur.
MRSA 1, 5, 6, 7, 11, 12 ve 13 nolu suslar lGzerinde ise
3.12 mg/ml dozunda anti-MRSA aktivitesi tespit edilmistir.

Metanol ve etanol ekstraktini karsilastirdigimizda
elde edilen verilere gore standart bakteri suslari ve klinik
MRSA suslarina karsi benzer oranlarda aktiviteye sahip
olduklari tespit edilmistir. Ayrica yapilan ¢alismada
metanol ve etanol ekstraktinin Candida albicans maya
susuna karsl herhangi bir antifungal aktiviteye sahip
olmadiklari belirlenmistir (Tablo 2).

Tartisma

GunUmuizde bircok hastaligin temel nedenleri
arasinda mikroorganizmalar yer almaktadir ve bu
mikrobiyal hastaliklarin tedavisinde ise antimikrobiyal
ilaclar kullaniimaktadir. Ancak kullanilan sentetik ilaglarin
olasi yan etkileri ve dikkatsizce kullanilan antibiyotiklere
bagli olarak her gegen guin direngli mikroorganizmalarin
ortaya c¢lkmasi nedeniyle glnimuizde kullanilan
antimikrobiyal ilaglar yetersiz kalmaktadir (Bal ve ark.;
Eraslan ve ark., 2021). Bu olumsuz sonuglar
arastirmacilari yeni antimikrobiyal ilag arayiglarina
yéneltmigtir. Calismamizda R. aurea'nin etanol ve
metanol ekstraktlarinin standart bakteri suslari ve maya
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susuna kargl antimikrobiyal potansiyeli belirlenmistir.
Elde edilen sonuglar Tablo 2'de gosterilmistir.

Literatiirde Ramaria  tdrleri ile  yapilan
antimikrobiyal calismalara bakildiginda, Pala ve ark.
(2019) Ramaria formasa turlndn etil asetat ekstraktinin
en etkili oldugu susun 3.2 mg/ml dozuyla B. cereus susu
oldugunu tespit etmislerdir. Ayrica arastiricilar K,
pneumoniae, S. aureus ve P. aeruginosa suslarina karsi
da 6.4 mg/ml dozunda aktivite tespit etmisler, Candida
albicans maya susuna karsl herhangi bir antifungal etki
saptamamiglardir. Arastiricilarin  ¢alismasina benzer
sekilde calismamizdaki metanol ve etanol ekstraktinin en
etkili oldugu susun 0.19 mg/ml'lik dozla B. cerus susu
bulunmus olup maya susuna karsi da antifungal aktivite
tespit edilememistir. P. aeruginosa ve S. aureus suslarina
karsi da calisilan ekstraklarin aktivitesinin belirlenmesi
arastiricilarin  bulgulariyla uyumludur. Ramaria flava
trdyle yapilan bir ¢calismada etanol eksraktinin Gram
pozitif suslar lizerine antibakteriyal etkisinin Gram negatif
suslara gore daha yiksek oldugu belirtiimistir ve yine
Candida albicans susuna karsi antifungal aktivite tespit
edilememistir (Gezer ve ark., 2006). Yaptigimiz
calismada etanol eksraktinin gram negatif E. coli ve K.
pneumonia tzerinde hig etki gdéstermemesi ve en yiksek
etkinin Gram pozitif B. cereus susuna karsi1 olmasi ayrica
antifungal bir etkinin gérilmemesi arastiricinin bulgularini
destekler niteliktedir. Yine Ramaria turleriyle yapilan farkli
bir calismada su eksraktinin Gram pozitif bakterilere etkisi
bulunurken Gram negatif bakterilere etkisi tespit
edilememistir (Bala ve ark., 2011).

Ramaria flava’nin etanol eksraktinin incelendigi bir
calismada S. aureus’a 6.25, E. coli'ye kargl ise 100 mg/mi
dozunda etki belirlenmistir (Liu ve ark., 2013).
Calismamizda standart sus S. aureus’a karsi 3.12
oraninda belirlenen MIK degeri arastiricilarinkiyle
benzerlik géstermesine ragmen E. coli tizerinde herhangi
bir aktivite géridlmemigstir. Aktivite gérilmemesinin nedeni
stok konsantrasyonumuzun 50 mg/ml olmasindan
kaynaklandigi dusunulmektedir, ¢inkd arastiricilar 100
mg/ml konsatrasyonda etkiyi ancak tespit edebilmislerdir.
Bu oldukga yuksek bir degerdir bu da etkinin gok zayif
oldugu anlamina gelmektedir. MiK degeri ne kadar diisiik
olursa etki o derece yiksek demektir. Ramaria
largentii’nin metanol ekstraktinin antimikrobiyal etkisinin
arastinlldigi bir galismada E. coli ve E. faecalis suslarina
karsi herhangi bir aktivite tespit edilememis, S. aureus ve
P. aeruginosa suslarina karsi aktivite tespit edilmistir
(Jane$ ve ark., 2007). Calismamizda arastiricilarin
bulgularina benzer sekilde metanol ekstraktinin E. coli’ye
etkisiz oldugu, S. aureus ve P. aeruginosa suslarina karsi
aktiviteye sahip oldugu gorilimigtir.  Ulkemizde
Gaziantep yoéresinden toplanan Ramaria flava mantarinin
metanol ekstraktinin degerlendirildigi bir galismada ise
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yine yaptigimiz ¢alismayla benzer sekilde S. aureus ve
Bacillus cereus suslari lizerine aktivite tespit edilirken, E.
coli bakterisi Uzerine  herhangi  bir  aktivite
saptanamamistir (Belyurt, 2014) .

S. aureus insanlarda, hafif cilt enfeksiyonlarindan
gida zehirlenmesine, yagsami tehdit eden enfeksiyonlara
kadar cesitli enfeksiyonlara neden olabilen énemli bir
patojendir S. aureus'un metisiline direnci ilk olarak
1961'de  antibakteriyel ~maddenin  klinik  olarak
kullanilmaya baglanmasindan kisa bir slire sonra
g6zlemlenmigstir ve o zamandan bu yana hem saglik hem
de toplum ortamlarinda Metisiline direncli Staphylococcus
aureus (MRSA) suslarinin  kiresel bir salgini
yasanmaktadir (Okwu ve ark., 2019). MRSA suslarinda
gorulen c¢oklu antibiyotik direnci ve tedavide etkili
antibakteriyel ilaglarin az ve pahali olmasi nedeniyle
MRSA dinya c¢apinda 6nemli bir halk sagligi sorunu
olmaya devam etmekte ve terapétik bir zorluk
olusturmaktadir (Rodvold ve McConeghy, 2014). Bu
nedenle, yeni antibiyotiklerin ve kombinasyon ilaglarinin
gelistiriimesi, potansiyel antibakteriyel dogdal bilesiklerin
biyolojik olarak arastiriimasi MRSA gibi bakterilerde her
gegen gun artan direng gelisimine karsi acil bir ihtiyagtir
(Vallavan ve ark., 2020).

Basidiomycetes grubu mantarlarin sahip olduklari
sekonder metabolitler, dogal Urtnlerin kesfinde Gram-
pozitif bakterilere karsi aktiviteye sahip olmasindan
dolayi, bu gruptaki mantarlar umut verici bir antibakteriyel
bilesik kaynagi olarak bilinmektedirler. Dogal Urlnlerin
ham ekstraktlarinin, antibakteriyel etki mekanizmalari
olarak hlcre duvari biyosentezini ve hicre zar
gegirgenligini hedefledigi rapor edilmistir (Hemaiswarya
ve ark., 2008) Makromantarlarin yapilarinda bulunan aktif
bilesikler ve ¢ok sayida sekonder metabolitler sayesinde
her gegen glin yeni ¢calismalarla bahsedilen problemlere
alternatif ¢6zim olmaktadir. Yaptigimiz ¢calismada ayrica
hastane ve toplumda blyik sorun teskil eden klinik
kaynakh MRSA suslarina karsi Ramaria aurea mantarinin
metanol ve etanol ekstraktinin anti-MRSA aktivitesi de
degerlendiriimigtir. Metanol ve etanol ekstraktlarinin,
galisilan tim MRSA suslarina kargl 0.04 — 6.25 mg/mi
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dozlarinda dedisen oranlarda aktivite gosterdigi
belirlenmistir (Tablo 2). Ramaria tirleriyle yapilan
calismalarda antistafilokokkal etki sonuglari
degerlendirildiginde; Pala ve ark. (2019) R. formosa’nin
etii asetat ekstraktinin 6.4 mg/ml  dozunda
antistafilokokkal etki gdsterdigini, Kim ve ark. (2017) R.
botrytis’in etil asetat ekstraktinin 15 mg/ml dozunda, Liu
ve ark. (2013) R. flava'nin etanol ekstraktinin 6.5 mg/ml
dozunda antistafilokokkal etki gosterdigini tespit
etmislerdir. Promphet ve ark (2018) farkli Ramaria
turleriyle yaptiklari calismalarinda tirlerin sahip oldugu
antistafilokokkal etkinin 7.5-27.4 mg/ml gibi degisen
oranlarda oldugunu saptamislardir. R. botrytis, R.
rubripermanens, R. flava, R.flavescens ve R. stricta
turlerinin metanol eksraktinin aktivitesinin
degerlendirildigi bir baska calismada ise yine caligilan
tUrlerin timaindn farkl konsantrasyonlarda
antistafilokokkal etkiye sahip oldugu bildirilmistir (Kumar
Sharma ve Gautam, 2017).

Sonug¢ olarak yaptigimiz calismada Ramaria
aurea’nin metanol ve etanol ekstraktlarinin ézellikle gram
pozitif suslar Gzerinde daha yiiksek etkiye sahip oldugu,
klinik MRSA suslarinin timine karsi da anti-MRSA
aktivite gosterdigi tespit edilmistir. Elde ettigimiz veriler
iIsiginda ileriki ¢galismalarda c¢alisilan mantar 6rneginin
aktif sekonder metabolitlerinin izole edilerek giin gectikge
zorlasan MRSA tedavisinde alternatif tedavi olarak
kullanilabilecegi 6ne surulebilir.

Yazar Katkilar
Tam yazarlar esit katkiya sahiptir.

Cikar Catismasi
Yazarlar ¢ikar gatismasi olmadigini beyan ederler.

Etik Beyani: Bu ¢alismanin hazirlanma surecinde
bilimsel ve etik ilkelere uyuldugu ve yararlanilan tim
calismalarin  kaynakcada belirtildigi beyan olunur
(Erdogan GUNES, Sinan ALKAN)
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Oz: Calismada; Armutlu (Yalova) yéresinden farkli istasyonlardan 2010 ve 2017 tarihleri
arasinda 123 makromantar numunesi toplanmigtir. Yapilan saha ve laboratuvar c¢alismalari
sonucunda ekonomik degere sahip Ascomycota ve Basidiomycota bélimine ait; 6 takim, 16
familya igerisinde dagilim gésteren toplam 23 tir tanimlanmistir. Calismada tanimlanan tirlerin;
lokaliteleri, habitatlari toplanma tarihleri ve numune numaralari verilmigtir.

Anahtar kelimeler: Makromantar, Yalova, Tibbi Mantar

Economically Valueable Mushrooms Of Armutlu (Yalova)

Abstract: In the study; 123 macrofungal samples were collected from different stations in
Armutlu (Yalova) region between 2010 and 2017. As a result of field and laboratory studies,
belonging to the Ascomycota and Basidiomycota sections; 6 orders, 16 families and 23
economically valueable species belonging to these families have been described. Taxa identified
in the study; localities, habitats, collection dates and sample numbers are given.

Keywords: Macrofungi, Yalova, Medicinal Mushroom

Giris

“Mantar” terimi, halk arasinda substrati Uzerinde
veya icinde gelisen makromantar miselyumlarinin
yogunlagsmasi sonucu olusan fruktifikasyon organlarini
(meyve yapisi) tanimlamak igin kullanilir (Berch ve ark.,
2007). Mantar terimi genis kapsamli bir ifadedir ve
mantarlar alemi igerisinde ¢ok cgesitli boyut, sekil ve
fizyolojiye sahip mayalar, kufler, pas mantarlar vb.
yiizbinlerce tirii ifade eder. insanlk tarihi boyunca
makromantarlar hem besin kaynagi hem de tibbi ve
halUsinojenik etkenleri nedeniyle ilgi ¢ekici olmustur.
Paleolitik Cag'a kadar uzanan kullanimi, mantarlarin
insan kaltdrinde ve tarihinde kokla bir yere sahip
oldugunu go6stermektedir (Stamets, 2000). Eski
uygarliklarda besin ve ilag olarak makromantar kullanimi

oldukga yaygin olup, arkeolojik ve tarihi kaynaklar,
Misirhlarin, Romalilarin, Yunanllarin ve Cinlilerin
mantarlari hem besin kaynagdi hem de tibbi amagl olarak
kullandiklarini gostermektedir (Erol ve ark., 2020).
Makromantarlarin insanlik tarihindeki yeri ve o6nemi,
biyolojik, tibbi, kiltirel, tarihi ve spiritiiel agilardan ele
alinmasi gereken karmasik bir konudur. Bu baglamda,
makromantarlarin ~ zehirli  tlrlerinin  sebep oldugu
zehirlenmeler ve olimler (Kasik, 2010), spirittel ve ritiel
kullanimlari ve besin kaynagi olarak degerleri (Peksen ve
Akdeniz, 2012), insanligin makromantarlara olan ilgisini
ve etkilesimini sekillendiren temel faktérler olarak
degerlendirilebilir. Tarihi kayitlar, Papa VII. Clement ve
Roma imparatoru Il. Claudius gibi 6énemli figarlerin
Amanita cinsine ait mantarlar ile zehirlenerek oldigunu

CC BY 4.0 Uluslararasi Lisansi altinda lisanslanmistir / Licensed under the CC BY 4.0 International License.
Atiflamada APA stili kullaniimigtir, iThenticate ile taranmistir./ APA style was used in citation, plagiarism was checked with iThenticate.
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gOstermektedir (Erol ve ark., 2020). Bazi makromantar
tarleri, haltsinojenik ve diger psikoaktif bilesikler igerir. Bu
tarlerin kullanimi, tarih boyunca dini rittellerde (Wasson,
1957), Samanizm’de ve geleneksel tipta yer almistir.
Robert Gordon Wasson ve Valentina P. Wasson'un
Oaxaca, Meksika'daki yerli halklar arasinda “psilocybin”
maddesi igeren tlrlerin dini kullanimini arastirmalari,
makromantarlarin spiritiiel etkilerine dair 6nemli bir
calismadir (Wasson, 1957). Ayrica; makromantarlar
kadim Cin, Misir, Roma ve Yunan uygarliklarinda
hastaliklarin tedavisi ve 6nlenmesinde dogal bir ilag
olarak kullaniimigtir (Stamets, 2000). Ginimizde de
bircok makromantar tiru antibiyotik, anti-kanser ve
immuano-modulatdr ilaglarin gelistiriimesinde 6nemli rol
oynamaktadir (Karasoy ve ark., 2019; Wasser, 2002.
2014). Birgok makromantar tlrl yenilebilir ve lezzetli bir
besin kaynagidir. Mantarlar protein, vitamin ve mineraller
acisindan zengindir ve gastronomi alaninda énemli bir yer
tutmaktadir (Chang, 1999).

Tirkiye'de makromantarlar ile ilgili yapiimis ilk
akademik g¢alisma 1852 yilinda Rigler tarafindan
yayinlanan "Die Turkei und deren Bewohner" isimli
makaledir. Bu tarihten glinimize kadar bu alandaki
calismalar artarak devam etmistir. Ozellikle son 30 yilda
yapilan ¢alismalar, Glkemiz mikobiyotasinin belirlenmesi
icin 6nemli katkilar saglamistir. Yapilan taksonomik
calismalar sonucunda tespit edilen tibbi mantar taksonlari
kayit altina alinmis 6zellikle Uzakdogu'da mikoterapi
uygulamalarinda siklikla  kullanilan  dnemli  tibbi
mantarlarin Ulkemizde de yaygin olarak yetistigi tespit
edilmistir. Bu tirlerin Tlrkge bilimsel isimleri Sesli ve ark.,
(2020) tarafindan yapilan galisma ile belirlenmisgtir.

Mevcut literatire  gbére, = makromantarlarin
antibakteriyel (Dogan ve Aydin, 2013; Duman ve ark.,
2003), antitimér (Poyraz ve ark., 2015), antifungal ve
besinsel degerleri (Karasoy ve ark., 2019) ile ilgili
akademik g¢alismalarin son yillarda arttidi; ancak
Ulkemizde makromantarlarin ekonomik degeri lzerine
yapilan caligmalarin yeterli olmadidi goriimektedir.
Yapilan ¢alisma ile Armutlu (Yalova) sinirlari icerisindeki
farkh lokalitelerden toplanan tibbi ve ekonomik degeri
olan makromantarlar tespit edilmistir.

Materyal ve Metot

Calismanin  materyalini  Armutlu  (Sekil 1)
yoresinden belirlenmis olan 5 farkli istasyondan 2010-
2017 tarihleri arasinda toplanmis makromantar
numuneleri olusturmaktadir. Numuneler nem ve sicaklik
gibi ekolojik sartlarin uygun oldugu genellikle ilkkbahar ve
sonbahar aylarinda yapilan saha ¢aligsmalari sonucu elde
edilmigtir. Saha c¢alismalarinda, her numuneye ait
koordinat bilgisi, konukgu bilgisi, tat, koku vb. morfolojik
Ozellikler not edilmis ve her bir numunenin renkli
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fotograflari gekilerek koleksiyon numarasi verilerek
kaydedilmigtir. Toplanan mantar numuneleri mikolojik
tekniklere uygun olarak kese kagitlari igerisine
yerlestiriimis ve karton kutularda muhafaza edilerek
laboratuvara getirilmistir.

Sekil 1 Arastirma Alani

Orneklerin makroskobik ve mikroskobik 6zellikleri
arastinimis elde edilen veriler tlr tanimlamasinda veri
olarak kullaniimigtir. Elde edilen veriler (Buczacki, 1989;
Bresinsky and Besl, 1990; Phillips, 1981; Moser, 1983;
Breitenbach and Kranzlin, 1984, 1986, 1991, 1995; 2000;
Ellis ve Ellis, 1990; Kranzlin, 2005; Dahncke, 2004;
Jordan, 2004) ilgili literatire gbére tanimlanmgtir.
Tanimlanan érnekler Yalova Universitesi Tip Fakiiltesi
Tibbi Biyoloji AD. Makromantarlar koleksiyonunda
saklanmaktadir.

Bulgular

Bu g¢alismada, Armutlu (Yalova) ve vyakin
cevresinden 2010-2017 tarihleri arasinda toplanan
makromantar  drnekleri  arazi ve  laboratuvar
calismalarinda elde edilen veriler kullanilarak mevcut
literatre goére tanimlanmistir. Calisma sonucunda 2
bolim, 6 takim, 16 familya ait 23 tir tanimlanmistir.
Tanimlanan 2 tarin Ascomycota bolimune ait 1 takima
bagl 2 familya icerisinde; 21 tiriin ise Basidiomycota
béliminde 5 takima bagli 14 familya iginde bulundugu
tespit edilmigti. Tanimlanan tirlerden %38.695’i
Ascomycota, %91.305'i ise Basidiomycota bdlimunde
yer alir. Yapilan galismada tanimlanan her bir tir yore
halkina gosterilmis ve bu tlrlerin yoresel olarak bilinip
bilinmedigi tespit edilmigtir.
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Sekil 3 Turlerin bélimlere dagilimi

Yoérede toplayicilar ile vyapilan gérusmelerde
Helvella acetabulum, Fistulina hepatica, Armillaria
mellea, Lepista nuda, Tricholoma terreum ve Laetiporus
sulphureus turlerinin yore halki tarafindan hi¢ taninmadigi
tespit edilmistir. Bu tirler tanimlanan tir sayisinin
%26,086’sInI olusturmaktadir.

Calisma sonucunda Lycoperdon perlatum,
Macrolepiota excoriata, Macrolepiota procera, Auricularia
auricula-judae, Chroogomphus rutilus, Ganoderma
lucidum, Fomes fomentarius ve Trametes versicolor
tarlerinin yore halki tarafindan tanindigr ancak ekonomik
getirisinin - az  olmasi  nedeniyle toplanmadigi
belirlenmistir. Toplayicilar tarafindan toplanan turlerin ise
sadece i¢ pazarda kullanildigi belirlenmigtir. Bu turler
tanimlanan tir sayisinin %34,782’sini olusturur.

Tanimlanan tirlerden %39,132’si ekonomik getirisi
yuksek turler olarak yoredeki koyliler tarafindan
toplanmakta, yenilmekte ve toplayicilar tarafindan
uluslararasi ihracat yapan firmalara satiimaktadir.
Ekonomik de@eri yilksek oldugu belirlenen tirler
Morchella crassipes, Amanita caesarea, Pleurotus
cornucopiae, Pleurotus eryngii, Pleurotus ostreatus,
Suillus collinitus, Cantharellus cibarius, Craterellus
cornucopioides, Lactarius deliciosus olarak belirlenmistir.

Arastirma sonucunda tespit edilen tirler; Index
Fungorum veritabanina goére dizenlenmis, alfabetik
olarak listelenmistir. istasyonlar ve koordinatlar Tablo-1
de gosterilmistir.
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Tablo 1. Arazi ¢alismasi istasyonlar
Lokasyon istasyon | Koordinat
Mecidiye Koyl 1 40°31'16.6"N
28°53'19.2"E
Selimiye Koyl 2 40°32'29.7"N
28°59'19.3"E
Hayriye Koyl 3 40°30'06.4"N
28°58'03.1"E
Berkece Yaylasi 4 40°33'18.8"N
29°00'24.7"E
Armutlu 5 40°31'33.6"N
Merkez 28°49'45.2"E
Ascomycota
Pezizales
Helvellaceae Fr.
1. Helvella acetabulum (L. Quél.

/Kuzukulagimantari

istasyon 1, kayin-karagam karisik orman,
26.04.2012, CNDR 383. Tibbi amagch kullanilir.

Morchellaceae Rchb

2. Morchella crassipes (Vent.) Pers.
/Sarigobek

istasyon 4, elma bahgesi, 04.04.2017, CNDR 657.
Yenir.

Basidiomycota

Agaricales

Agaricaceae

3. Lycoperdon perlatum Pers. /Fissakuri

istasyon 1, cam ormani, 23.11.2011, CNDR 238.
Tibbi amach kullanilir.

4, Macrolepiota excoriata (Schaeff.) Wasser
/Kadinmemesi

istasyon 4, gayirlik alan, 24.10.2017, CNDR 670.

Yenir.

5. Macrolepiota procera (Scop.) Singer
/Kartalayagi

istasyon 1, gayirlik alan, 23.11.2011, CNDR 243.
Yenir.

Amanitaceae

6. Amanita caesarea (Scop.) Pers.

/imparator mantari

istasyon 1, kayin-karagam karisik orman,
29.11.2016, CNDR 677. Yenir.

Fistulinaceae

7. Fistulina hepatica (Schaeff.)  With.
/Biftekmantari

istasyon 4, mese agaci, 29.11.2016, CNDR 675.
Yenir.
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Physalacriaceae

8. Armillaria mellea (Vahl) P. Kumm
/Balmantari

istasyon 4, mese koki tzeri, 24.11.2016, CNDR
674. Tibbi amach kullanilir.

Pleurotaceae

9. Pleurotus cornucopiae (Paulet) Rolland
/Cikrikisteridyesi

istasyon 3, kayin koki tizeri, 05.10.2016, CNDR
655. Yenir.

10. Pleurotus eryngii (DC.) Quél.
ICaksirmantari

istasyon 5, gayirlik alan, 23.11.2011, CNDR 207.
Yenir.

11. Pleurotus ostreatus (Jacq.) P. Kumm.
listiridyemantari

istasyon 1, kayin kitiigi Gizeri, 29.11.2016, CNDR
676. Yenir.

Tricholomataceae

12. Lepista nuda (Bull.) Cooke /Mavi cincile

istasyon 3, gam ormani, 23.11.2011, CNDR 232.
Yenir.

13. Tricholoma terreum (Schaeff.) P. Kumm.
IKarakizmantari

istasyon 3, gam ormani, 23.11.2011, CNDR 233.
Yenir.

Auriculariales

Auriculariaceae

14. Auricularia auricula-judae (Bull.) Quél.
/Kulakmantari

istasyon 2, ihlamur dal {zeri, 30.11.2016, CNDR
680. Yenir.

Gomphidiaceae

15. Chroogomphus rutilus (Schaeff) O.K.
IGeyikmantari

istasyon 1, cam ormani, 23.11.2011, CNDR 241.
Yenir.

Sekil 4 Helvella acetabulum baziokarplarl
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Suillaceae

16. Suillus collinitus (Fr.) Kuntze /Benekli
siingermantari

istasyon 1, cam ormani, 23.11.2011, CNDR 242.
Yenir.

Cantharellales

Cantharellaceae

17. Cantharellus cibarius Fr. /Sarikizmantari

istasyon 1, cam ormani, 23.11.2011, CNDR 245.
Yenir.

18. Craterellus cornucopioides (L.) Pers.
/Borazanmantari

istasyon 1, kayin-karagam karisik orman,
23.11.2011, CNDR237. Yenir.

Polyporales

Fomitopsidaceae

19. Laetiporus sulphureus (Bull) Murrill
IKiikiirtmantan

istasyon 2, kayin agaci tizeri, 30.11.2016, CNDR
681. Yenir.

Ganodermataceae

20. Ganoderma lucidum (Curtis) /Reysi

istasyon 2, kayin kitiigu tizeri, 30.11.2016, CNDR
682. Tibbi amagh kullanilir.

Polyporaceae

21. Fomes fomentarius (L.) Fr. /IKavmantari

istasyon 3, kayin kiitiigi Gzeri, 29.11.2011 CNDR
280. Tibbi amagli kullanilir.

22. Trametes versicolor (L.). /Hindikuyrugu

istasyon 1, mese dal (zeri, 23.11.2011, CNDR
237. Tibbi amagli kullanilir.

Russulales

Russulaceae

23. Lactarius deliciosus (L.) Gray /Kanlica
mantari

istasyon 1, cam ormani, 23.11.2011, CNDR 2009.
Yenir.

Sekil 5 Lycoprdon perlatum tiriiniin
bazidyokarplari
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Sekil 7 Amanita caesarea bazidyokarlar
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Sekil 8 Fistulina hepatica bazidyokarp

Tartisma

Peksen ve Kaplan, 2017’ye gobre; bircok Ulkede
6zellikle Orta ve Dogu Avrupa Ulkelerinde popdiler bir
lezzet olan mantarlarin yillik kisi basi tiketimi 10 kg'dan
fazladir (Peksen ve Kaplan, 2010), Yoérede vyapilan
arastirma sonucu Amanita caesarea, Pleurotus
cornucopiae, Pleurotus eryngii, Pleurotus ostreatus,
Lactarius deliciosus mantarlarinin yillik tiketiminin hane
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$eki10 Chroogomphus rutilus bazidyokarplar

R § 4
& .
ANy ; i

Sekil 11 Ganoderma lucidum bazidyokarp

basi 8-12 kg civari oldugu tespit edilmistir. Peksen ve
Kaplan, 2017’ ye gore; Ulkemizde yillik kisi basina
tiketilen kdltir mantari miktarinin 579,2 gr oldugu
bildirilmistir ancak yapilan galismada yoérede Agaricus
bisporus (Beyaz Sapkali Mantar) ve diger Kkdltir
mantarlarinin neredeyse hi¢ tuketilmedigi, yére halkinin
dogadan toplanan yaban mantarlarini tiketmeyi tercih
ettigi tespit edilmigtir.
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2008 yilinda yaklasik 238 ton kuzugdbegi mantari
(Morchella sp.) kg basina ortalama 18 $'dan Almanya ve
Fransa'ya ihrag edilmigtir (Tagkin ve ark., 2010).
Arastirma alanindan elde edilen verilere goére yillik hane
basi ortalama 500 kg Morchella ttirlerinin toplandidi tespit
edilmistir. Sonug olarak arastirma yoéresinde dogadan
toplanarak ihra¢ edilen Morchella tirleri ve diger
ekonomik degeri olan makromantarlar yére ekonomisi ve
Turkiye ekonomisi igin cok énemlidir.

Arastirma sonucunda; yerel toplayicilar tarafindan
taninan ve taninmayan turler belirlenmis, bu tdrlerin
gastronomik degerleri, tibbi dederleri, ekolojik ve
ekonomik énemleri yére halkina anlatilmistir.

Sonug ve Oneriler

Arastirma sonucunda ydre halki ile yapilan
gorusmelerde, Ozellikle ilkbahar ve sonbahar aylarinda
bazi aileler igin fazla isglici gerektirmemesi ve disilk
masrafli olmasi; gibi sebeplerle mantar toplayiciiginin
onemli bir gecim kaynagi haline geldigi tespit edilmistir.
Hatta yoredeki bazi aileler igin tek gecim kaynadi mantar
toplayiciligidir.

Ulkemizde yillik yaban mantari ihracati ile ilgili
kesin bir veri bulunmamaktadir. Yére halki ile yapilan
gOrusmelerde dogadan toplanan yaban mantarlarinin
ortalama toplayici hane basi ortalama 35-45 kilogram
oldugu tespit edilmistir.

Yorede, Morchella spp., Suillus collinitus,
Cantharellus cibarius, Craterellus cornucopioides taze
olarak toplanip satilir, bununla beraber bazi toplayicilarin
bu tdrleri 6zellikle mevsiminde toplayip kuruttuktan sonra
mevsimi disinda da sattiklari tespit edilmistir. Ayrica
Suillus collinitus, Cantharellus cibarius, Craterellus
cornucopioides turlerinin tercihen ihracatgl firmalara
satildigi ve ekonomik getirisinin etkisi ile i¢ pazarda
tiketilmedigi tespit edilmistir.

Sonug olarak yoérede yaban mantarlari yadsinamaz
bir ekonomik hareketlilik kaynagidir. Ancak o&zellikle
ilkbahar ve sonbahar aylarinda yoreye gelen yabancilar
tarafindan yore halkinin 6nemli bir ge¢im kaynagi olan
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yaban mantarlarinin; asiri, bilingsizce ve tahrip edilerek
toplandigi ve bunun sonucunda ise ydre halkinin
ekonomik olarak zarar gérdigu tespit edilmigtir. Yoére
halki icin mantarlarin ekonomik getirisi gok éGnemlidir.

Toplayicilar ile yapilan gérugmelerde toplayicilarin
genel talebi mantar avi i¢in dogru toplama tekniklerinin
Oneminin vurgulandigi resmi kurslarin dizenlenmesi ve
bu kurslar sonucunda sertifikasyon sisteminin
getiriimesidir. Bdylece bdlge disindan mantar avi
doénemlerinde asiri ve bilingsiz toplama sonucu meydana
gelen  ekonomik  kayiplarin  minimuma  inmesi
beklenmektedir.
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Abstract: Sepultariella semi-immersa (Pyronemataceae, Ascomycota) was identified in a
new locality for macrofungal diversity in Turkiye from Canakkale Onsekiz Mart University
Terzioglu Campus. S. semi-immersa, which constitutes a species comlex, is included in the
Sepultariella clade. This study gives a detailed description of the species, geographical
coordinates, photographs taken in its natural habitat, and its phylogenetic position in the genus
Sepultariella based on molecular data. The Internal transcribed spacer (ITS) region sequence
determined the evolutionary and phylogenetic relationship within the genus but S. semi-immersa,
which might constitute a species complex.

Keywords: Ascomycota, Sepultariella, New Locality, Tlrkiye

Sepultariella semiimmersa 'nin Morfolojik ve Molekiiler Tanimlamasi:
Tiirkiye icin Yeni Lokalite Kaydi

Oz: Sepultariella semi-immersa (Pyronemataceae, Ascomycota), Tirkiye'nin Canakkale
Onsekiz Mart Universitesi Terzioglu Kampisiinden Tiirkiye makrofungal gesitliligi igin yeni lokalite
olarak tanimlanmistir. Bir tir kompeksi olusturan S. semi-immersa, Sepultariella clade’l igerisinde
yer almaktadir. Calismada ture ait detayh deskripsiyon, cografi koordinat, dogal habitatinda
¢ekilmis fotogralar ve molekuler verilere dayali olarak yapilan cins igindeki filogenetik pozisyonu
verilmistir. Cins icindeki evrimsel ve filogenetik iliskinin tespit edilmesinde Dabhili kopyalanmig
aralayici (ITS) bolge dizisi belirleyici olmustur.

Anahtar kelimeler: Ascomycota, Sepultariella, Yeni Lokalite, Tlrkiye

Introduction

The two most important classes of Pezizomycotina,
the largest subdivision of Ascomycota, are
Pezizomycetes (cup fungi or operculate Discomycetes)
and Orbiliomycetes (round to wavy, cupulate to flat or
convex apothecia) (Spatafora et al., 2006; Schoch et al.,
2009). Of these two important classes, a few members of

the Pezizomycetes are plant and bryophyte parasites,
others are saprobes and a small number are mycorrhizal.
It is estimated that there are more than 2000 species
worldwide (Pfister and Healy, 2021). This class is
characterised by a valve-like structure (operculum) at the
apex of the asci that opens during spore discharge
(Hansen et al., 2013).

CC BY 4.0 Uluslararasi Lisansi altinda lisanslanmigtir / Licensed under the CC BY 4.0 International License.
Atiflamada APA stili kullaniimigtir, iThenticate ile taranmistir./ APA style was used in citation, plagiarism was checked with iThenticate.
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Inside Pezizomycetes, the genus Sepultariella Van
Vooren, U. Lindem. & Healy is represented by two
species: Sepultariella patavina (Cooke & Sacc.) Van
Vooren, U. Lindem. & Healy and S. semi-immersa (P.
Karst.) Van Vooren, U. Lindem. & Healy. Sepultariella
semi-immersa was first described by Karsten (1869) as
Peziza semi-immersa P. Karst. Peziza patavina Cooke &
Sacc., first named by Saccardo (1877), was renamed as
Pustularia patavina (Cooke & Sacc.) Boud. in 1907. Later,
both species were combined in Leucoscypha Boud. by
Svréek (1974). However, Perry et al. (2007) reported that

(2017) and S. patavina was selected as the type of
the genus. The reason why L. semi-immersa, which
constitutes our study sample, was not selected as the
type specimen; it was suggested that this species may be
a species complex (Van Vooren et al., 2017).

These two species are known in our country:
Pustularia patavina was cited by Kaya and Uzun (2015)
and Sepultariella semi-immersa by Uzun et al. (2018).
Both were described based on morphological data. In this
study, in addition to morphological data, DNA sequences
of the nuclear ribosomal internal transcribed spacers
(nrITS) region including ITS1/ITS2 subregions were used
as molecular characters to determine the relationship and
position of Sepultariella semi-immersa within the genus.

Recently, many molecular studies have been
carried out in our country. Some of them are; Aktas and
Karaselek, 2019; Acar, 2021; Akata et al, 2021; Acar et
al., 2022; Dizkirici et al., 2022; Dizkirici and Acar, 2022;
Akata et al., 2023; Acar et al., 2024; Akata et al., 2024. In
many platforms, mycologists agree that molecularly
supported descriptions would be healthier for the
scientific world. This study aims to contribute to the
knowledge of the distribution of Sepultariella semi-
immersa in Turkiye and to redefine the species using both
morphological and molecular data.

Material and Methods

Taxon sampling and morphological

studies

On 11.03.2024, mushroom samples were collected
at the Terzioglu Campus of Canakkale Onsekiz Mart
University (Figure 1). Macrofungi samples were
photographed in their natural habitat and their
morphological characteristics were noted in the field
notebook. Specimens were preserved as fungarium
material (deposited in the Mycology Laboratory of
Canakkale Onsekiz Mart University, Vocational School of
Health Services) and were used for the examination of
microscopic data. The preparations were analysed under
a Leica DM2500 (Germany) research microscope. Ascus,
ascospores, hairs, ectal excipulum and paraphyses were
measured at least 20 replicates using Leica Application
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some tricharinoid species in the genera Pustularia Boud.
and Leucoscypha do not belong to either of these genera.
The analyses of Van Vooren et al. (2017) also supported
Perry et al.’s results. Both species do not belong to the
same clade as L. leucotricha (Alb. & Schwein.) Boud., the
type specimen of the genus Leucoscypha, although it was
accepted in this genus by Saccardo (1889), Le Gal
(1957), Rifai (1968), Eckblad (1968). The name
Sepultariella was first used by Kutorga (2000), but the
publication of the name is invalid. These two species were
placed in the genus Sepultariella by Van Vooren et al.
Suite (version 4.8). Macro- micromorphological analyses
were performed following the methods described by
Dougoud (2002), Medardi (2006), Ribes and Pancorbo
(2010) and Van Vooren et al. (2017). Microscopic data
were plotted using CorelDRAW (64-bit) (Canada) to
ensure accuracy and clarity in the depiction of the
observed characteristics of Sepultariella.

Molecular studies

EurX GeneMATRIX Plant & Fungi DNA isolation kit
(Poland) was used for DNA isolation. After DNA isolation,
spectrophotometric measurement was performed on
Thermo Scientific Nanodrop 2000 (USA) to check the
amount and purity of the DNA obtained. In the PCR study,
ITS1 - ITS4 primers were used as universal primers to
amplify the gene regions targeted for species
identification. The primer sequences used were ITS1
5TCCGTAGGTGAACCTGCGG 3 and ITS4 5
TCCTCCGCTTATTGATATGC 3 primers. DNA
amplification was performed in a 35 ul mixture containing
genomic DNA (10 ng/ul), 10x PCR Buffer, MgCI2 (25
mM), dNTP mix (20 mM), selected primer pair F. Primer
(10 yM), R. Primer (10 uM), Taq polymerase (5u/ul) and
sterile water. The amplification results obtained by PCR
(kyratec thermocycler) were electrophoresed in a 1.5%
agarose gel prepared with 1x TAE buffer at 100 volts
current for 90 min and visualised under UV light using
ethidium bromide stain. A one-step PCR was performed
to amplify a region of approximately 700 bases. The PCR
reaction was performed with Solis Biodyne (Estonia)
FIREPol® DNA Polymerase Taq polymerase enzyme.
For our sample, a single band was obtained on agarose
gel after PCR, indicating that the PCR process was
successful. At the PCR product purification stage,
MAGBIO ‘HighPrep™ PCR Clean-up System’ (AC-
60005) purification kit was used for the single band
samples obtained and purification was carried out
following the procedures of the kit. For Sanger
Sequencing, an ABI 3730XL Sanger sequencer (Applied
Biosystems, Foster City, CA) and BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
CA) were used at Macrogen Netherlands laboratory. The
reads obtained with the ITS1 and ITS4 primers were
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contig-formed to generate a consensus sequence. The
CAP contig assembly algorithm in BioEdit software was
used to perform this process. Ambiguous sites were
manually checked and corrected. Sequence data for the
ITS region were deposited in GenBank and accession
numbers were added to the manuscript.

Sequence alignment and phylogenetic analysis

The sequence of Sepultariella semi-immersa from
the present study and additional sequences from the

"< 4

¢
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NCBI database (Appendix 1) were combined and
analysed together to determine the phylogenetic

relationship and the position of the studied species within
the genus Sepultariella. Tricharina gilva (Boud. ex Cooke)
Eckblad was selected as the outgroup. All sequences
were aligned with the ClustalwW program (Thompson et
al., 1994).

Figure 1. Photo of the research area

A phylogenetic tree was constructed using the
Maximum Likelihood method to determine species
distinctions. The appropriate nucleotide evolution model
for phylogenetic analyses was determined using MEGA
v7 (Kumar et al., 2016). The model with the lowest BIC
(Bayesian Information Criterion) score was used as the
model that best describes the substitution model (Tamura
et al. 2013). Bootstrap analysis with 1000 replications was
used to test branch support (Felsenstein, 1985). In the
Maximum Likelihood (ML) method, the first tree for
heuristic search was automatically obtained by applying
the Neighbour-Joining and BioNJ algorithms to a matrix
of pairwise distances estimated using the Maximum
Composite Likelihood (MCL) approach, and then the
topology with the highest log likelihood value was
selected. All positions with gaps and missing data were
eliminated.

Result

Ascomycota Caval. -Sm.

Pezizomycotina O.E. Erikss. & Winka

Pezizomycetes O.E. Erikss. & Winka

Pezizales J. Schrot.

Pyronemataceae Corda

Sepultariella Van Vooren, U. Lindem. & Healy

Sepultariella semi-immersa (P. Karst.)) Van

Vooren, U. Lindem. & Healy (Figure 2, 3.)

Apothecia 2—4 mm diam., sessile, discoid to cup-
shaped, hymenium orange to ochre-orange, margin
crenulate, with upper small whitish hairs, ones are longer
and multicellular, the outer surface is of the same colour
and slightly tomentose. Asci 180-250 x 13-20 um,
cylindrical, eight-spored, ascus base with croziers,
inamyloid. Ascospores uniseriate, 21-25 x 9.5-11.5 ym,
smooth, with two guttules, sometimes only one,
accompanied by smaller droplets, narrowly ellipsoidal to
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slightly fusiform, with acute ends. Paraphyses 2.5-3.5 Specimen examined: Canakkale Onsekiz Mart
um, towards the apex 3.5-6.5 ym wide, cylindrical, University, Terzioglu Campus, behind Medical Faculty,
forked, septate, and slightly thickened at the apex. 40° 06" 34"N, 26° 24’ 48"E, 34 m, on soil, near Pinus
Excipulum two-layered: inner layer in various shapes, brutia Ten. and Quercus coccifera L. trees, 11.03.2024,
outer layer —of textura globulosa/angularis, with cells 10— Acar 1841.

20 x 13-35 um.

Figure 2. Sepultariella semi-immersa. a-d. Ascomata, e. Ascospores (in water), f. Asci (in water),
g. Asci (in Melzer’s reagent), i. Paraphyses (in water) Scale bar = 10 ym
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Figure 3. Sepultariella semiimmersa a. ascospores, b. asci, c. long hairs, d. short hairs, e.
paraphyses, f. cells of ectal excipulum Scale bar = 10 ym

Molecular analysis

The amplified DNA fragment of the ITS region was
approximately 700 bp long, covering the entire ITS1/ITS2
subregions. Basic Local Alignment Search Tool (BLAST)
(Altschul et al. 1997) analysis was performed to
determine sequence homologies using the National
Centre for Biotechnology Information (NCBI) database.

68

38

The ITS data matrix consisted of a total of 22 sequences,
including the studied sample and three outgroup samples.

The accession number of the studied ITS region
was assigned as ‘GenBank ID: PP783916’. Our sample
clustered in the Sepultariella clade and was grouped with
Sepultariella samples downloaded from NCBI having a
bootstrap value of 87% (Figure 4).

KY364037 Sepultariella semi-immersa voucher N.V. 2013.11.17 Portugal
OL653045 Sepultariella semi-immersa isolate JACI6663 2020.08. 15 New Zealand
KY364041 Sepuliariella semi-immersa voucher U.L. 181 Ethiopia

87 | K¥364038 Sepultariella semi-immersa voucher M.V. 20130928-3 Germany
MN385987 Sepultarieflla semi-immersa voucher MV 20140222-11 Spain

PP783916 Sepultariella semiimmersa 2024.03. 11 Turkey

PP461750 Sepultariella semi-immersa isolate S semiimmersa 2022.07.27 Germany
MN385986 Sepultariella semi-immersa voucher MV 20131025-02 Germany

KY364039 Sepultariella semi-immersa voucher M.V, 20131025-2 Germany

OM672964 Sepultariella semi-immersavoucher FLAS-F-68808 2021.07.21 Canada
KY364036 Sepultariella semi-immersavoucherR.D. 25.09.227.98 Switzerland
MN653022 Sepultariella sp. voucher Sepultariella RHI1343 201 1.09.16 USA

MN385988 Sepultariella sp. voucher MV 20140124-06 Portugal
KY364040 Sepultariella semi-immersa voucher N.V. 2006.09.27 France

KY364045 Sepultariella sp. voucher N.V. (S, patavia) 2011.09.18 France
| MW677597 Sepultariella semi-immersasirain BSI19/161 2019.11.21 Switzerland

100

0.020

104 | xy364044 Sepultariella sp. voucher M.V. (S. patavia) 2013.10.18-4 Germany
66 | KY364043 Sepultariella sp. voucher R.D, (S. patavia) 15.50.227.91 Switzerland
KY364042 Sepultariella sp. voucher N.V. (8. patavia) 2013.08.71 Georgia
MN385972 Tricharina gilva voucher UL 241 Czech Republic
KY364027 Tricharina gilva voucher N.V. 2011.08.05 France

97 L MN385965 Tricharina gilva voucher UL 317 Portugal

Figure 4. Phylogenetic tree of Sepultariella species based on ML analysis of the ITS region. The underlined light
orange colour indicates the studied specimen. Sequences of Tricharina gilva were used as the outgroup.
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Discussions

The species to which our studied specimens are
morphologically and molecularly closest is Sepultariella
patavina. Both species are carefully examined
morphologically (Dougoud, 2002; Medardi, 2006; Ribes
and Pancorbo, 2010). There are differences in macro-
and micro-characters, albeit with minor nuances.
Although they are quite close in evolutionary
perspectives, their separation is clear in molecular
analyses.

Dougoud (2002) and Ribes and Pancorbo (2010)
comprehensively documented the morphological
characteristics of S. semi-immersa. Medardi (2006) did
not illustrated this species but mentioned some of its
characteristics due to its similarity with S. patavina. Table
1 provides a comprehensive comparison between the
specimens of S. semi-immersa analysed in this study and
the specimens included in the works of the
aforementioned authors (Dougoud, 2002; Medardi, 2006;
Ribes and Pancorbo, 2010; Uzun et al.,, 2018). We
meticulously summarise the dimensions of the various
structures observed in our specimens, macroscopic
features and microscopic characters, as well as habitat.
This comparison highlights similarities and differences in
measurements and characteristics between the present
specimens and other collections reported in the literature.

This study of S. semi-immersa specimens
highlights subtle but important macroscopic and
microscopic variations that do not appear to affect
species identification. These variations may be indicative
of a broader spectrum of intraspecific variability or
perhaps an evolutionary adaptation within the species.
Consequently, these small differences that do not affect
species identification may be an important opportunity to
investigate the genetic and environmental factors
underlying micro- and macromorphological diversity.

In fungal taxonomy, morphological diversity
significantly exceeds genetic diversity (Akata et al., 2024).
For a more reliable identification of fungal species,
phylogenetic analyses should be useful. Among the
markers used in phylogenetic analyses, ITS is widely
used for molecular taxonomic studies in fungi and
provides valuable information. In our study, the nuclear
ITS rDNA gene sequence was used for the molecular

(2024)15(2)94/102

identification of our sample Acar 1841 and a similarity of
more than 99% was found with the reference sequences
of S. semi-immersa available in GenBank (Figure 4).

As a result, the number of species belonging to the
genus Sepultariella in Turkey was recorded as two (Sesli
et al., 2020). However, these two species were previously
identified based on morphological data. In this study, the
Sepultariella specimens collected in Canakkale in 2024
and identified as Sepultariella semi-immersa are based
on both morphological and molecular studies.
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Appendix 1

ITS sequences downloaded from NCBI
database

Tricharina gilva (KY364027), Tricharina gilva

(MN385965), Tricharina gilva (MN385972), Sepultariella
semi-immersa (KY364037), Sepultariella semi-immersa
(KY364041), Sepultariella semi-immersa (MN385987),
Sepultariella semi-immersa (KY364038), Sepultariella
semi-immersa (KY364036), Sepultariella sp.
(MN385988), Sepultariella semi-immersa (MN385986),
Sepultariella semi-immersa (KY364039), Sepultariella
semi-immersa (KY364040), Sepultariella semi-immersa
(MW677597), Sepultariella sp. (MN653022), Sepultariella
semi-immersa (PP461750), Sepultariella semi-immersa
(OM672964), Sepultariella semi-immersa (OL653045),
Sepultariella  sp. (KY364045), Sepultariella  sp.
(KY364044), Sepultariella sp. (KY364043), Sepultariella
sp. (KY364042)
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Table 1. Comparison of some measurements of the morphological structures of S. semi-immersa

Dougoud Medardi Ribes and Uzun et al. Current study
(2002) (2006) Pancorbo (2010) (2018)
Apothecia 1-3.5mm up to 3.5 mm 1-2.5 mm 1.5-5 mm 2-4 mm
Asci 230-260 x unspecified cylindrical, 180-200 x 180 — 250 x
18-20.5 (23) um octosporic, 10-15 ym 13-20 ym
uniseriate
Ascospores 19.5-22 x 20.5-23 x 9- (19.1)-21.5- 21-23 x 21-25 x
9-10.5 ym 10.5 ym 22.1-(24.5) x 10.5-12uym  9.5-11.5pum
(9.4)-10.2-10.4-
(11.3) ym
Paraphyses (2.5)3.5-4 pym, in unspecified cylindrical, forked, cylindrical, 2.5-3.5 ym, towards
diameter at the segmented and septate, the apex 3.5-6.5 um
bottom, widened to slightly thickened  slightly wide, cylindrical,
4-5 uym at the apex, at the apex. thickened at  forked, septate,
hyaline, septate, the apex smooth, and slightly
simple or forked thickened at the
towards the apex apex.
Excipulum external surface unspecified globose- unspecified two-layered, inner
cells 8 — 20(35) x angular cells. layer in various
10— 20 (25) ym shapes, outer layer
globulose - angularis,
cells 10 — 20 x
13— 35 um.
Margin often irregularly crenulate crenulate crenulate crenulate
crenulate with small
whitish
teeth
Habitat On clayey and bare grows in the on nearly bare on soll near Pinus brutia
soilof arutin a same soil with some among Ten. and Quercus
forest road, as well  environments bryophytes and in  woody debris coccifera L. trees, on
as on the ground of as L. patavina  a burnt pine forest on burnt soil
a fire pit, but not on (Pinus ground

the ashes, under
Quercus sp.

canariensis C.Sm.
ex DC)
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Oz: Bu galismada yenilebilir mantarlardan Boletus edulis Bull., Lactifluus piperatus (L.)
Roussel ve Cantharellus cibarius Fr. tirlerinin etanol ekstraktlarinin insan patojeni olan bazi
standart patojen mikroorganizmalar Gzerine antimikrobiyal etkisinin belirlenmesi amaclanmistir.
Antimikrobiyal aktivite sivi mikrodilisyon metoduyla saptanmistir. B. edulis ve L. piperatus
mantarlarinin etanol ekstraktinin benzer aktivite gosterdigi, Gram negatif Escherichia coli ve
Pseudomonas aeruginosa ve Gram pozitif Sarcina lutea ve Bacillus cereus standart bakterilerine
karsi 3.12 mg/ml dozunda antibakteriyal aktivite tespit edilmistir. Her iki tirin Gram pozitif
Staphylococcus aureus bakterisine kargi ise 6. 25 mg/ml dozunda aktivite gosterdikleri
bulunmustur. Klebsiella pneumoniae ve Salmonella enteritidis bakterilerine karsi herhangi bir
aktivite saptanmamistir. C. cibarius tlrlnin etanol ekstraktinin, S. lutea ve S. enteritidis’e karsi
3.12 mg/ml, S. aureus bakterisine karsi ise 6. 25 mg/ml dozunda aktivite gosterdigi bulunmustur.
Gram pozitif B. cereus bakterisine karsi 0.19 mg/ ml MiK degeriyle oldukca yiiksek oranda
aktiviteye sahip oldugu goérilmastir. E. coli, P. aeruginosa ve K. pneumoniae’ya karsi herhangi
bir aktivite tespit edilmemistir. Calisilan tim mantar turleri antibakteriyal aktivite yoninden
kiyaslandiginda, B. edulis ve L. piperatus mantari turlerinin C. cibarius tlriine goére standart
patojen bakteriler Uzerine daha etkili oldugu gérilmustir. Ayrica yapilan ¢alismada B. edulis, L.
piperatus ve C. cibarius tirlerinin etanol ekstraktlarinin Candida albicans maya susuna karsi
antifungal bir etki géstermedikleri saptanmistir.

Anahtar kelimeler: Antimikrobiyal aktivite, Etanol ekstrakti, Mantar ekstraktlari, Yenilebilir
mantarlar

Determination of Antimicrobial Activities of Some Edible Mushrooms
Collected from Kirklareli Province

Abstract: In this study, it was aimed to determine the antimicrobial effect of ethanol
extracts of edible mushrooms Boletus edulis, Lactifluus piperatus and Chanterelle cibarious
species on some standard pathogenic microorganisms that are pathogenic to humans.
Antimicrobial activity was determined by the broth microdilution method. Ethanol extract of B.
edulis and L. piperatus mushrooms showed similar activity, and antibacterial activity was detected
against Gram-negative Escherichia coli and Pseudomonas aeruginosa and Gram-positive
Sarcina lutea and Bacillus cereus standard bacteria at a dose of 3.12 mg/ml. It was found that
both species showed activity against Gram-positive Staphylococcus aureus bacteria at a dose of
6.25 mg/ml. No activity was detected against Klebsiella pneumoniae and Salmonella enteritidis
bacteria. It was found that the ethanol extract of the C. cibarius species showed activity against
S. lutea and S. enteritidis at a dose of 3.12 mg/ml and against S. aureus bacteria at a dose of

CC BY 4.0 Uluslararasi Lisansi altinda lisanslanmigtir / Licensed under the CC BY 4.0 International License.
Atiflamada APA stili kullaniimigtir, iThenticate ile taranmistir./ APA style was used in citation, plagiarism was checked with iThenticate.
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6.25 mg/ml. It was found to have a very high activity against Gram-positive B. cereus bacteria,
with a MIC value of 0.19 mg/ml. No activity was detected against E. coli, P. aeruginosa and K.
pneumoniae. When all studied mushroom species were compared in terms of antibacterial
activity, B. edulis and L. Piperatus mushroom species were found to be more effective against
standard pathogenic bacteria than C. cibarius species. Additionally, in the study, it was
determined that ethanol extracts of B. edulis, L. piperatus and C. cibarius species did not show
an antifungal effect against the Candida albicans yeast strain.

Keywords: Antimicrobial activity, Ethanol extracts, Mushroom extracts, Edible

mushrooms,

Girig

Yenilebilir mantarlar, lezzetleri, o6zellikle farkh
aromalari ve dokulari ile dusuk Kkalorili seviyeleri
nedeniyle dinya c¢apinda buyik ilgi gérmektedir (Kalac,
2016). Bu mantarlar sahip olduklari besinsel ve
fonksiyonel &zellikleri nedeniyle taze veya kurutulmus
bicimde tlketilmektedirler (Cheung, 2013). Yabani ve
yetistirilen bazi mantar tirleri, besleyici ve/veya tibbi
Ozelliklere sahip c¢ok cesitli biyomolekdller icerir. Bu
Ozellikleri nedeniyle, fonksiyonel gidalar olarak kabul
edilmigler ve ayrica ila¢ ve nutrasétiklerin gelistiriimesi
icin bir kaynak olarak kullanilabilecekleri belirtilmistir
(Alves ve ark., 2012). Besleyici potansiyellerinin yani sira
mantarlar ayni zamanda sagligi destekleyen, fizyolojik
acgidan yararli biyoaktif maddelerin de kaynagidirlar.
YUksek terapotik degeri olan ¢ok gesitli ikincil metabolitler
uretirler (Kosani¢ ve ark., 2012). Polisakkaritler,
proteinler, triterpenoidler, fenoller ve flavonoidler gibi
biyoaktif bilesikler, yenilebilir mantar tirlerinden izole
edilmigtir (Liu ve ark., 2016). Ayrica ¢ok sayida ¢alisma
bazi yenilebilir mantarlarin antioksidan, antitimér,
antialerjik, antiinflamatuar, antikolesterolemik, antiviral,
antibakteriyel ve imminomodulator etkilere sahip
oldugunu bildirmistir (Ooi, 2000; O Oyetayo ve ark., 2009;
Yu ve ark., 2009; Chang ve Wasser, 2012). Dinyada
yaklasik 140.000 mantar tird oldugu tahmin edilmektedir
ve bunlardan yalnizca 22.000'i bilinmektedir ve yalnizca
kiiclk bir yuzdesi (%5) arastinimistir (Lindequist ve ark.,
2005). Bu nedenle mantarlarin 6zellikleri ve potansiyel
uygulamalari hakkinda kesfedilecek ¢ok sey vardir.

Mikroorganizma kaynakli enfeksiyon hastaliklari
dinya c¢apinda morbidite ve mortalitenin ana
nedenlerinden biridir (Medina ve Pieper, 2016). Kolayca
iyilesen hastaliklar, ginuimlzde ortaya c¢ikan ve her
gegen gun artan antibiyotik direnci nedeniyle ciddi bir
sorun  haline gelmistir.  Coklu ilaca  direngli
mikroorganizmalar ile hastane enfeksiyonlari arasindaki
iliski bunun buylk bir sorun oldugunu ve acil ¢6zim
ihtiyacini ortaya koymaktadir (Peres-Bota ve ark., 2003;
Pittet, 2005). En ¢ok bilinen ¢oklu ilag direncine sahip
bakteriler arasinda Enterococcus faecium,
Staphylococcus  aureus, Klebsiella  pneumoniae,
Acinetobacter baumannii, Pseudomonas aeruginosa ve

Enterobacter turleri gibi mikroorganizmalar yer almaktadir
(Alam ve ark., 2021). Bu tehlikeli patojenlerle savagmak
icin, antibakteriyel ve antibiyofilm aktivitelerine sahip umut
verici ajanlar olarak mantar ekstraktlarina olan ilgi
yeniden artmistir. Aslinda mantar tirleri, yeni ve etkili
antibiyotikler olarak kullanilabilecek fenolik asitler,
terpenoidler, flavonoidler, tanenler, alkaloidler ve
polisakkaritler gibi gesitli biyoaktif bilesikler biinyelerinde
barindirmaktadirlar (Alves ve ark., 2012; Garcia ve ark.,
2021). Yenilebilir mantarlarin kimyasal bilesiminin ve
farmakolojik aktivitelerinin degerlendiriimesi glinimizde
hala popdler aktif bir arastirma alanidir.

Boletus edulis Yildiz Dagi orman kdylerinde “Bolet”
veya “Ayl mantar” olarak bilinmekte, nadir olarak da
“porgini” adiyla bilinmektedir. Koéylller tarafindan
toplanarak ticareti yapilmakta ayni zamanda bélge halki
tarafindan severek yenilmektedir.

Lactifluus piperatus Kirklareli bdlgesinde “aci-sitlt
mantar, sdtleden mantari, aci mantar” olarak
bilinmektedir. Kirklareli’'nin kuzey bdlgelerinde, Istiranca
daglar olarak bilinen Yildiz Daglarinda orman kdyluleri
tarafindan bol miktarda toplanmakta ancak satisi
yapllmamakta, bdlge halki tarafindan tursu, salamura
olarak degerlendiriimekte, taze olarakta tuketilmekte
ancak yemeden bir gece 6nce tuzlu suya yatirilarak aci
tadinin gitmesi saglanmaktadir, bazen de ¢orba benzeri
sutll yemegi yapilmaktadir.

Cantharellus cibarius Yildiz Dagi orman kdylerinde
“sarl mantar, sari kiz mantari, ke¢i mantari, tavuk
mantari, civciv veya tavuk bacadl mantar” olarak
bilinmektedir. Koylller tarafindan toplanarak ticareti
yaplimaktadir. Bélge halkinin tadini sevdigi mantarlardan
biridir.

Bu U¢ mantari orman kdyluleri yaklagik 25 yildir
bildiklerini,  ge¢misten  glinimize kadar farkl
Universitelerden gelen akademisyenlerin bilgilendirmeleri
sonucunda her gegen yil mantarlara olan ilginin arttigini
bildirmislerdir. O zamandan bu yana hem ticareti
yapilmakta hem de taze, dondurulmus, tursu veya
salamura olarak tliketiimektedirler. Ayrica bolgeye
Karadeniz’den alinan goégler (6zellikle Kastamonu ilinden)
sonucunda da vyerel halk gd¢menlerden mantarlari
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tanimayr ve yemek olarak kullanmayl &6grendikleri
aktariimigtir.

Bu calismanin amaci Kirklareli ilinden toplanan
yenilebilir mantarlardan Boletus edulis, Lactifluus
piperatus ve Cantharellus cibarius turlerinin etanol
ekstraktlarinin insan patojeni olan bazi standart patojen
mikroorganizmalar Uzerine antimikrobiyal etkisinin
belirlenmesidir.

Materyal ve Metot

Mantar 6rnegi ve ekstraksiyon

Calismada kullanilan mantar 6rnekleri  farkl
zamanlarda yapilan arazi galismalarinda Kirklareli il
sinirlari icerisinde toplanmigtir. Mantarlar araziden uygun
sekilde toplanirken teghis icin faydali bilgi ve belgeleri not
edildikten sonra Selguk Universitesi Fen Fakiiltesi'ndeki
Fungaryum laboratuvarina getirilerek kurutma cihazlarina
konulmustur. Kuruyan o6rneklerin uygun dokularindan
hazirlanan preparatlardaki mikroskobik karakterleri (Spor,
Basidium, Sistit, vb.) ve makroskobik bilgileri i1si1ginda
teshisleri Dr. Ogrt. Uyesi Sinan ALKAN tarafindan
yapilmistir Mantarlarin sistematik dizilimi, 6terleri, TUrkce
Gegerli isimleri (T.G.I.) (Sesli ve ark. 2020), lokaliteleri,
habitatlari ve toplama tarihleri verilmistir.

Fungi

Basidiomycota

Agaricomycetes

Boletales

Boletaceae

Boletus edulis Bull. (T.G.I.: Cérek mantari)

Kirklareli, Vize ilgesi, Doganca kéyu, ¢alilik alan,
02.10.2022.

Russulales,

Russulaceae

Lactifluus piperatus (L.) Roussel (T. G. i.
Satladilburan)

Kirklareli, Merkez, Derekdy koyu, Mese agaglari
karigik orman altinda, 01.10.2022.

Cantharellales

Hydnaceae

Cantharellus cibarius Fr. (T. G. I.. Sarikiz
mantart)

Kirklareli, Demirkdy ilgesi, Sivriler kéyl, Mese
agagclari altinda, 30.05.2023.

Mantar orneklerinin teshis islemleri
tamamlandiktan sonra 45-50°C ye ayarlanmis 6zel
kurutma dolaplarinda bir giin daha kurutulmuslardir.
Tamamen kuruyan mantarlar mekanik 6gutucude toz
haline gelinceye kadar 6gutiimustlr. Her bir mantar
orneginden 10’ar gramlik numuneler tartilarak soxhlet
ekstraksiyon kartuslari icerisine dikkatlice
yerlestiriimislerdir. Mantar 6rneklerinin taban kisminda
bulunan balon jojelere 120 ml etanol (C,H¢O) ilave
edilerek ayni anda ekstraksiyon iglemi baslatiimistir.

(2024)15(2)103/109

55°C ye ayarlanmis isiticilarla yaklasik olarak 8 saat
boyunca ornekler ekstre edilmistir. Bu sire sonunda
kartuslarin bulundugu haznelerdeki ¢Ozucilnin
seffaflasinca islem sonlandiriimistir. Elde edilen
¢oziculer igindeki ekstraktsiyonlar sirayla Rotary
Evaporatére alinarak 60°C de 90 rpm hizda déndrilerek
basing altinda c¢o6zuculerinden uzaklastinimistir. Son
olarak ekstraktlarin icinde ¢dzlculerin kalma ihtimalini
ortadan kaldirmak igin steril petri kaplari igerisinde 45°C
sicaklktaki etlivde 24 saat daha bekletilerek ¢ozlci
kimyasallar ortamdan uzaklastinimistir. Elde edilen
ekstratlar deneyler baslatilana kadar +4°C de
buzdolabinda kapali bir sekilde muhafaza edilmistir.

Kullanilan mikroorganizma suslari

Yapilan galismada incelenen mantar 6rneklerinin
antimikrobiyal aktivitesini belirlemek igin; Escherichia coli
ATCC 25922, Pseudomanas aeruginosa ATCC, 27853,
Klebsiella pneumoniae ATCC 70603, Metisilin direncli
Staphylococcus aureus (MRSA) ATCC 43300,
Salmonella enteritidis ATCC 13076, Sarcina lutea ATCC
9341, Bacillus cereus ATCC 11778, standart bakteri
suslari ve Candida albicans NRLL Y-417 maya susu
kullanilmistir.  Bu suslar Selguk Universitesi, Fen
Fakultesi, Biyoloji Bolumu, Mikrobiyoloji Arastirma
Laboratuvarindan temin edilmistir.

Antimikrobiyal aktivite

Calismada mantar tirlerinin etanol ekstraktlarinin
Minimum inhibisyon Konsantrasyon (MIK) degerleri bazi
modifikasyonlarla sivi mikrodillisyon metoduyla belirlendi
(Zengin ve ark., 2014). Bu amagla kullanilacak
mikroorganizmalar Brain Hearth inflizyon besiyerine
ekilerek gecelik taze kdlturleri hazirlandi. Hazirlanan
kaltdr  sUspansiyonlari 0.5 McFarland standart
bulanikliginda (108 Kob/ml) hazirlandi ve daha sonra her
kuyucuktaki inokulumun son konsantrasyonu 5x10°
Kob/ml olacak sekilde ayarlandi. Steril 96 kuyucuklu
pleytin her bir kuyucuguna 100 ul Mdller Hinton Broth
besiyeri dagitildi. 50 mg/ml olacak sekilde stok olarak
hazirlanan mantar ekstrakt solUsyonlarindan,
mikropleytlerin ilk kuyucuklarina 100 pl olarak eklendi ve
ilk kuyucuktan 100 pl ahp sirayla kalan kuyucuklara
konularak ekstraktlarin iki kat dilisyonu (12.5-0.006
mg/ml) yapildi. Daha sonra tim kuyucuklara 100 pl
mikroorganizma kultir sUspansiyonu inokule edildi.
Negatif kontrol olarak DMSO ve pozitif kontrol olarak
Gentamisin kullanildi. Pleytler etiive kaldirilarak 37°C'de
18-24 saat siireyle inkilbasyona birakildi. inkiibasyon
suresinin ardindan tim kuyucuklara 20 pl 2,3,5-
trifeniltetrazolyum klorit ilave edilerek pleytler 37°C'de 30
dakika daha inkiibe edildi. inkiibasyon sonunda
pleytlerdeki treme kontrol edilerek, goézle gorilir bir
uremenin olmadigi yani pembe veya kirmizi renkte
olmayan son kuyucuk MiK olarak belirlendi.

Bulgular

Yapilan galisgmada Kirklareli'den toplanan Boletus
edulis, Lactifluus piperatus ve Cantharellus cibarius
mantar turlerinin etanol ekstraktlarinin insan patojeni olan
standart patojen mikroorganizmalar Uzerine
antimikrobiyal etkisi arastiriimis ve bu
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mikroorganizmalara karsi bulunan MIK degerleri Tablo
1’de verilmistir.

Calismamizdan elde edilen verilere gore B. edulis
ve L. piperatus mantarlarinin etanol ekstraktindan alinan
sonuglara gore iki tirlin benzer aktivite gosterdigi tespit
edilmistir. Buna goére her iki tlriin etanol ekstraktinin gram
negatif E. coli ve P. aeruginosa ve gram pozitif S. lutea ve
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B. cereus standart bakterilerine karsi 3.12 mg/ml dozunda
aktivite gosterdigi tespit edilmistir. Bu tlrlerin etanol
ekstraktinin gram pozitif S. aureus bakterisine karsi 6. 25
mg/ml dozunda aktivite gosterdikleri bulunmustur. Her iki
tirin K. pneumoniae ve S. enteritidis standart
bakterilerine karsi herhangi bir aktivite gdstermedigi
belirlenmistir (Tablo 1).

Tablo 1. Boletus edulis, Lactifluus piperatus ve Cantharellus cibarius tiirlerinin
etanol ekstraktlarinin sivi mikrodiliisyon yéntemiyle elde edilen MIK degerleri

Mantar tiirlerinin etanol Gentami
ekstraktlarinin MiK degerleri sin
Test Mikroorganizmalari (mg/mi) (Hg/ml)
B. L. C.
edulis piperatus cibarius
Escherichia coli ATCC 25922 3.12 3.12 - 2.44
Pseudomanas aeruginosa ATCC 3.12 3.12 - 9.76
27853
I Klebsiella pneumoniae ATCC - - - 2.44 I
70603
Metisilin direncgli Staphylococcus 6.25 6.25 6.25 78.12
aureus ( MRSA) ATCC 43300
Salmonella enteritidis ATCC - - 3.12 4.88
13076
Sarcina lutea ATCC 9341 3.12 3.12 3.12 4.88
Bacillus cereus ATCC 11778 3.12 3.12 0.19 2.44
Candida albicans NRRL Y-417 - - - 312.5

C. cibarius turtnin c¢alisilan suslar Uzerine olan
etkisi incelendiginde, S. lutea ve S. enteritidis’e karsi 3.12
mg/ml MIK degerleri belirlenmis olup, S. aureus
bakterisine karsi 6. 25 mg/ml dozunda aktivite tespit
edilmistir. Gram pozitif B. cereus bakterisine karsi 0.19
mg/ ml MiK degeriyle oldukga yiiksek oranda aktiviteye
sahip oldugu goérulmustir. E. coli, P. aeruginosa ve K.
pneumoniae’ya kargi herhangi bir aktivite tespit
edilmemistir (Tablo 1).

Calisilan 3 tir aktivite yoninden kiyaslandiginda,
B. edulis ve L. Piperatus mantari tirleri C. cibarius tiriine
gOre standart patojen bakteriler Uzerine daha etkili oldugu
sonucuna varilmistir. Ayrica yapilan galismada B. edulis,
L. piperatus ve C. cibarius tirlerinin etanol ekstraktlarinin
C. albicans maya susuna karsl antifungal bir etki
gOstermedikleri saptanmistir.

Tartisma

Glinudmizde, ¢ok sayida antibiyotige direngli insan
patojenlerinin gértilme sikhdr dinya capinda artmistir.
Daha da 6nemlisi, geleneksel antibiyotiklerin etkinliginin
olmamasli, bulasici hastaliklarin tedavisinde ciddi
sorunlar yaratmistir (Morris ve Cerceo, 2020). Bu
nedenle, bulasici hastaliklarla micadele de ve vakalari
azaltmak icin yeni alternatif tedaviler bulma istegi, coklu
ilag direncli patojenlerle iliskilendirilmistir. Dogal Grtnlerin
taninan glvenli statlisii nedeniyle, dogadan elde edilen
antimikrobiyallere olan ilgi giin gectikge artmistir (Gupta
ve Birdi, 2017). Mantarlar da dahil olmak tzere dogal
urinlerden olaganusti miktarda antimikrobiyal elde

edilmistir (Alves ve ark., 2012). Mantarlar, geleneksel
tipta 1.000 yildir gesitli hastaliklar igin kullaniimaktadir ve
gunimuzde ise yeni molekillerin kesfinde énemli bir rol
oynamaya devam etmektedirler (Ganeshpurkar ve ark.,
2010). Mantarlar, antimikrobiyal etki de dahil olmak Uzere
biyolojik aktiviteler agisindan onlari ¢gok yonli hale getiren
kimyasal ve yapisal ¢esitlilie sahip ¢cok sayida biyoaktif
bilesik icermektedirler (Garcia ve ark., 2021). Yapilan bu
calismada Kirklareli ilinden toplanan Boletus edulis,
Lactifluus piperatus ve Cantharellus cibarius gibi
yenilebilir mantar tirlerinin etanol ekstraktlarinin patojen
mikroorganizmalar  Uzerine  antimikrobiyal etkisi
arastiniimistir.

Kosani¢ ve ark.,(2012) Sirbistan’dan topladiklari B.
aestivalis ve B. edulis turlerinin aseton ve metanol
ekstraktlarinin antimikrobiyal aktivitesini ¢alismiglardir.
Tarlerin ekstraktlarinin E. coli'ye 5 - 10 mg/ml dozlarinda,
P.aeruginosave S. aureus’a 2.5 - 5 mg/ml dozlarinda etki
tespit etmislerdir. Kirklareli’den topladigimiz B. edulis
turindn etanol ekstraktinin E. coli ve P. aeruginosa’ya
3.12 mg/ml dozunda S. aureus’a ise 6.25 mg/ml dozunda
antibakteriyel etki gdstermis olup buldugumuz bu degerler
arasgtiricilarin buldugu degerlerle uyum gdstermektedir.
Yalniz calismamizda arastiricilardan farkli olarak K.
pnemoniae bakterisi ve C. albicans maya susuna karsi
herhangi bir aktivite goriimemistir. Sirbistan’da yapilan
farkli bir calismada B. regius ve B. appendiculatus’'un
etanol ekstraktlarinin E. coli'ye 12.5-25 mg/ml, P.
aeruginosa’ya 0.8-3.1mg/ml, S. aureus’a 3.1-6.3 mg/ml
ve B. cereus’a 3.1-6.3 mg/ml dozlarinda antibakteriyal
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etki tespit etmiglerdir (Dimitrijevic ve ark., 2015).
Arastiricilarin bahsedilen mikroorganizmalara kargi tespit
ettikleri degerler bulgularimizia ortismektedir.
Arastiricilar ayrica S. enteritidis ve K. pneumoniae
bakterilerine kargi da aktivite tespit etmisler fakat
calismamizda bu bakterilere karsi herhangi bir aktivite
belirlenememistir. B. edulis tiriinln su ve metanol
ekstraktinin denendigi farkl bir calismada ise (Garcia ve
ark., 2022), etanol ekstraktini inceledigimiz ¢calismamiza
benzer sekilde K. pneumoniae bakterisine karsl herhangi
bir aktivite saptanmamistir. B. edulis’in metanol
ekstraktinin disk diflizyon yontemiyle denendigi farkl bir
calismada S. aureus ve P. aeruginosa bakterileri Gzerinde
etkili oldugu gorulirken ekstraktin E. coli ve B. subtilis
bakterisine etkisiz oldugu tespit edilmistir (Dundar ve ark.,
2015).

Romanya’'da yapilan calismada L. piperatus’un
metanol ekstrakti patojen bazi mikroorganizmalar tzerine
denenmis S. aureus ve E. coli bakterilerine kargl 29.99
mg/ml dozunda, P. aeruginosa ve B. cereus bakterilerine
karsi ise 56. 68 mg/ml dozunda antibakteriyel aktivite
tespit edilmigtir (Fogarasi ve ark., 2020). Etanol ekstrakti
verilerimizle kiyaslandiginda tespit ettigimiz degerlerin
arastiricilarinkine  gére  daha  ylksek  oldugu
gorulmektedir. L. piperatus tlrinin aseton ve metanol
ekstraklarinin denendigi Sirbistan’daki bir calismada ise
ekstraktlarin E.coli'ye 2.5-5 mg/ml, P. aeruginosa ve S.
aureus’a karsi ise 2.5 mg/ml dozlarinda aktivite tespit
etmislerdir (Kosanic ve ark., 2013). Bulunan bu degerler
¢alismamizda bulunan degerlerle olduk¢a yakindir.
Arastiricilar ayrica K. pneumoniae ve C. albicans’a karsi
da etki saptamiglardir fakat yaptigimiz ¢calismada etanol
ekstraktinin bu mikroorganizmalara etkisi gérdlmemistir.
Ulkemizde L. rugatus tiriyle yapilan bir calismada
metanol ve diklorometan ekstraktlarinin S. aureus, E. coli,
P. aeruginosa bakterilerine karsi etkili oldugu tespit
edilmistir (Sevindik, 2020). Yine Ulkemizde 6 farkli
Lactarius tUrlGyle yapilan bir galismada ise tirlerin
metanol ekstraktinin  hepsinin galismamiza benzer
sekilde E. coli, S. aureus, B. cereus bakterilerine etkili
oldugu belirlenirken, K. pneumoniae ve ve C. albicans’a
karsi aktivite saptanmamistir (Dulger ve ark., 2002).

C. cibarius tdrunin etanol ekstraktinin yapilan
¢alisma sonucunda S. aureus’a 6.25 mg/ml S. lutea ve S.
enteritidis’e 3.12 mg/ml ve B. cereus’a 0.19 mg/ml dozda
etki gorulurken E. coli, P. aeruginosa, K. pneumoniae
bakterilerine ve C. albicans maya susuna karsi aktivite
belirlenmemistir. Barros ve ark. (2008) yaptiklari
¢alismalarinda buldugumuz sonuglara benzer sekilte C.
cibarius tirtnin metanol ekstraktinin E. coli, P.
aeruginosa, K. pneumoniae bakterilerine ve C. albicans
maya susuna karsi aktivite géstermedigini tespit etmisler,
B. subtilis'e ve S. aureus bakterilerine kargi ise etkili
oldugunu belirlemiglerdir. Yapilan farkli bir galismada ise
tirdn disk difizyon yonteminden alinan sonuglara goére
etanol ve metanol ekstraktlarinin E. coli ve P.
aeruginosa’ya etki goOstermezken S. lutea ve S.
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aeruginosa’ya etkili oldugu belirtilmistir (Zavastin ve ark.,
2016). Farkh yontem kullaniimis olsa da bulgularimiz
arastiricilarin bulgulariyla uyum goéstermektedir. Turln
aseton ve metanol ekstraklarinin denendigi farkh bir
calismada ise arastiricilar calismamizdan farkli olarak E.
coli, P. aeruginosa, K. pneumoniae bakterilerine ve C.
albicans maya susuna karsi aktivite tespit etmislerdir
(Kosanic ve ark., 2013).

Yaptigimiz bu g¢alisma ve daha &nce yapilan
calismalarindan da anlasildigi Gzere ayni cinsin farkl
turleri arasinda hatta ve hatta ayni tirler arasinda bile
antimikrobiyal aktivite yoniinden farkhliklar oldugu
gorulmektedir. Calismalar arasindaki bu farkli sonuglarin
sebebi mantarlarin yetistigi ortam ve iklim kosullari gibi
cevresel faktorlere gore oOzdtlerinin bilesiminin degistigi
belirtiimektedir. Ayrica antimikrobiyal aktiviteyi belirlemek
icin segilen yontem, ¢ozlicu turl, ektraksiyon teknigi ve
test mikroorganizmalarinin segimi de farkli sonuglarin
¢tkmasi i¢in bir etkendir (Janssen ve ark., 1987).

Calismamizda inceledigimiz turlerin ekstraktlarinin
antibakteriyal etki géstermesine ragmen antifungal bir etki
gbstermemesinin nedeni mantarlar ve bakterilerin hiicre
duvarinin  farkli  gegirgenliJe sahip olmasindan
kaynaklanabilecegi dusundlmustir (Yang ve Anderson,
1999). Gram pozitif bakterilerin  hiicre duvari
peptidoglukanlardan (mureinler) ve teikoik asitlerden
olusurken, Gram negatif bakterilerin hiicre duvari
lipopolisakkaritlerden ve lipopoliproteinlerden olusmakta,
mantarlarin hicre duvarn ise kitin ve glukan gibi
polisakkaritler icermektedir (Heijenoort, 2001; Farkas,
2003).

Sonug olarak denedigimiz yenilebilen B. edulis ve
L. piperatus ve C. cibarius turlerinin etanol ekstraktlarinin
antibakteriyel etkiye sahip olduklari tespit edilmistir. Elde
edilen verilere dayanarak, mantarlarin iyi bir dogal
antibakteriyal ajan kaynagi oldugu ve insan terapisi ve
hastaliklari agisindan 6énemli olabilecegi gértlmektedir.
Mantarlardan antimikrobiyal aktiviteden sorumlu yeni
bilesiklerin izolasyonu ve karakterizasyonu Uzerine daha
fazla galisma yapilmasi gerektigi dusuniimektedir.

Yazar Katkilar
Tum yazarlar esit katkiya sahiptir.

Cikar GCatigmasi
Yazarlar ¢ikar catismasi olmadigini beyan ederler.

Etik Beyani: Bu ¢alismanin hazirlanma sirecinde
bilimsel ve etk ilkelere uyuldugu ve yararlanilan tim
calismalarin kaynakgada belirtildigi beyan olunur (Ahmet
Oguz ONAY, Erdogan GUNES).
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Abstract: In this study, the density of fungal spores belonging to 10 specific taxa with
allergenic effects and their relationship with meteorological factors in the atmosphere of 1gdir,
Turkiye was investigated. Hirst trap device was used for atmospheric spore sampling during the
study. As a result of the study, fungal spores were found more or less in the atmosphere in all
months. A total of 156702 spores/m?® were detected in the atmosphere of Igdir during the study.
The densities of the 10 taxa detected in the atmosphere of I§gdir were recorded as Cladosporium
(85.00%), Alternaria (6.16%), Aspergillus/Penicillium (5.91%), Fusarium (1.30%), Epicoccum
(0.61%), Chaetomium (0.26%), Drechslera (0.24%), Stemphylium/ Ulocladium (0.21%),
Pithomyces (0.19%) and Curvularia (0.11%), respectively. It was determined that the density of
fungal spores was at a high level between August and October and that this period posed a risk
for individuals with an allergic tendency to fungal spores.

Keywords: Aerobiology, Atmospheric fungal spores, Volumetric method, Igdir, Turkiye

Igdir Atmosferindeki Bazi Mantar Sporlarinin Belirlenmesi ve Meteorolojik
Faktorlerle Karsilagtiriimasi

Oz: Bu calismada alerjik etkiye sahip genis yayilisi bulunan belirli 10 adet taksona ait
mantar sporlarinin 1gdir, Turkiye atmosferindeki yogunlugu ve meteorolojik faktorlerle iligkisi
arastirildi. Calisma siresince atmosferik spor orneklemeleri igin Hirst tip 6érnekleme cihazi
kullanildi. Calisma sonucunda tim aylarda atmosferde az ya da ¢ok mantar sporuna rastlandi.
Calisma siresince 1§dir atmosferinde toplam 156702 spor/m?® tespit edildi. 1gdir atmosferinde
tespit edilen 10 taksonun yogunluklari sirasiyla Cladosporium (%85.00), Alternaria (%6.16),
Aspergillus/Penicillium (%65.91), Fusarium (%21.30), Epicoccum (%0.61), Chaetomium (%60.26),
Drechslera (%0.24), Stemphylium/Ulocladium (%0.21), Pithomyces (%0.19) ve Curvularia
(%0.11) olarak tespit edildi. Agustos — Ekim aylari arasinda mantar spor yogunlugunun yuksek
seviyede oldugu ve bu ddnem mantar sporlarina alerjik yatkinligi olan bireyler igin risk olusturdugu
tespit edildi.

Anahtar kelimeler: Aerobiyoloji, Atmosferik mantar sporlari, Volimetrik yontem, Igdir,
Tarkiye.
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Introduction

Among the particles carried by wind in the air,
fungal spores are the most common. Fungal taxa are
heterotrophic (cannot produce their own food) organisms
in the living world and are widely distributed in the
biosphere. Fungal particles are eukaryotic organisms that
are either single or multicellular, have a haploid genome,
have cell walls made of chitin and glucan, and produce
spores (Naranjo-Ortiz and Gabaldon, 2019). The density
of fungal spores dispersed from spore sacs during
reproduction can vary due to various factors, such as
geographical location, human activities, vegetation, air
pollution and weather conditions (Grinn-Gofron, 2015). In
the respiratory system, large-sized fungal spores can
reach the nasal cavities, medium-sized ones can reach
the bronchi and bronchioles and small-sized ones can
reach the alveoli (Deacon, 2006). The reason why fungal
organisms are cosmopolitan is that they can germinate
easily. Since they form a large number of spores with
different morphological structures in their spore sacs
during the reproduction period, they can be found in every
condition and environment. They can be easily carried to
various environments by winds. The density of fungal
spores in the atmosphere is easily affected by
meteorological factors, such as wind, temperature,
humidity and precipitation, and the spore concentration
changes. Therefore, determining the spore concentration
of each region and preparing change graphs with
meteorological factors are of great importance in the
diagnosis and treatment of individuals with spore allergy.

Fungal spore causes various disorders, such as
asthma in sensitive individuals and those with allergenic
sensitivity to fungal spores (Bush and Portnoy, 2001).
Some of these are respiratory allergies, such as asthma,
allergic rhinitis, allergic sinusitis, allergic conjunctivitis and
meningitis in infected individuals. These spores also
cause an increase in IgA and IgE antibodies (Abbas et al.,
2012; D'Amato et al., 1997; Kurup and Kumar, 1991;
Khosravi et al., 2012; Dixit et al., 1992; Dixit et al., 1992;
Bisht et al., 2004; Fuste et al., 1973; Rolston et al., 1985).
Among the fungal spores that cause allergic diseases,
there is a cosmopolitan genus, Cladosporium. This genus
causes asthma in infected individuals (Bensch et al.,
2012; Dugan et al., 2004). The optimum temperature
conditions for the development of species belonging to
this genus are between 20°C and 40°C (Gravesen, 1979).
Studies have shown that Cladosporium species are
among the most common causes of respiratory diseases,
asthma and rhinitis, for example (Bouziane et al., 2005).
It has even been reported that severe asthma attacks due
to Cladosporium cause death (Abbas et al., 2012). It is a
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respiratory tract allergen of the genus Alternaria that
causes allergic symptoms in the nasal and bronchial
regions of the infected individual and causes the release
of IgE antibodies (D'Amato et al., 1997; Filali et al., 2015;
Fernandez-Rodriguez et al., 2015). The other fungal
genus that causes asthma, allergic rhinitis and allergic
sinusitis in humans and animals is Aspergillus (Kurup and
Kumar, 1991). Penicillium species secrete a fungal toxin
called patulin, which has carcinogenic effects on the
brain, liver and lung organs (Gravesen, 1979). The
International Penicillium and Aspergillus Commission,
which convened in Utrecht, Netherlands on April 14,
2012, brought these two genera together and evaluated
them as a single taxon (Aspergillus/Penicillium)
(Houbraken et al., 2014).

Fusarium is a fungal genus that increases IgE
secretion in humans (Khosravi et al., 2012). Epicoccum is
a fungal genus that increases allergen sensitization (Dixit
et al., 1992) as well as IgE and IgG antibody secretions
(Bisht et al., 2004). Chaetomium, a cosmopolitan genus
with more than 80 species (Von Arx, 1986; Abdel-Azeem,
2020), has been shown to respond better to antibodies
than other fungal species in cross-reactivity allergy tests
(Provost, 2010).

Another fungal genus that increases IgE secretion
is Drechslera (Menezes et al., 1995). It has been reported
that the mycelium of Drechslera hawaiiensis belonging to
this genus is seen in the brain region of patients and
causes fatal meningitis (Fuste et al., 1973). It has also
been reported to cause infections, such as corneal
inflammation, skin lesions, peritonitis and inflammation of
the facial sinuses (Rolston et al., 1985). In vivo and in vitro
studies with extracts obtained from Stemphylium/
Ulocladium have found that this taxon to be allergenic
(Agarwal et al., 1982). In a study conducted in homes
where children with asthma symptoms, high
concentrations of Pithomyces were found (Meng et al.,
2012). In addition, this taxon was defined as a moderate
allergen in a study (Asci et al., 2010). In a study
conducted on Curvularia lunata, it was stated that this
species is allergenic and causes sinusitis (Bartynski et al.,
1990). In light of all these, it is thought that the 10 fungal
species given above are very important allergens
because they cause many allergic diseases in humans,
such as respiratory tract allergy, asthma, allergic rhinitis,
allergic sinusitis, allergic conjunctivitis and meningitis.

In this study, the densities of the 10 fungal genus
mentioned above in the Igdir atmosphere and their
relationship  with  meteorological factors  were
investigated. It is thought that the obtained results will be
useful in the fields of medicine, pharmacy and agriculture.
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Material and Metod

Study Area

Igdir, which was separated from Kars in 1992, is a
province located in the Eastern Anatolia Region of
Tarkiye with its geographical location. 1gdir, which is the
15" smallest province of Turkiye in terms of surface area,
has an altitude of 876 m above from sea level (Kaya,
2015). Neighbour city Agr is located in the south and
southwest, and Kars is positioned in the northwest. The
border of Igdir province consist of Nakhchivan, which is
affiliated with Armenia, Iran and Azerbaijan (Tan and
Temel, 2017). As a continuation of the Karasu-Aras
Mountains in the south of 1§dir province, there are Pamuk
Mountain (2639 m), Durak Mountain (2811 m), Zor
Mountain (3234 m), Bayuk Agri (5137 m) and Kigik Agri
Mountains (3896 m) (Goéner, 1995; Simsek and Alim,
2009). There are three border gates in total: the Dilucu
Border Gate to Nakhchivan, the Boralan Border Gate to
Iran and the Alican Border Gate to Armenia (Yulu, 2014)
(Figure 1).

Igdir province is located in the Eastern Anatolia
Region of Turkiye and has remarkable characteristics in
terms of its climate and vegetation. Igdir province is
geographically isolated as it is surrounded by Mount
Ararat. This situation creates climate types in I13dir
province that can be categorized as semiarid, arid and
very arid (Karaoglu, 2023; Kogak et al., 2022). Igdir's
annual average temperature can be up to twice that of
other provinces (Karaoglu, 2014). Although these high
temperatures provide a suitable environment for
agricultural activities, they also make it difficult to manage
water resources (Kaltakkiran, 2023). In addition, the
annual average rainfall in the region is around 300-400
mm, which is a critical factor for agricultural production.
The seasonal distribution of rainfall is low in the summer
and more in the winter (Karaoglu, 2014).

The vegetation in the region varies depending on
the climatic conditions. 1gdir is an area where agricultural
activities are intense and is known as a place where all
types of agriculture can be done (Karaoglu, 2014).
Moreover, Puccinellia distans (Jacq.) Parl. and Aeluropus
littoralis (Gouan) Parsl. species are commonly found in
salty and alkaline pastures (Temel, 2018).

Analysis of Preparations under Microscope

Spore samples were collected with the help of
volumetric pollen collection device. Microscopic slides
were prepared by Wodehouse method, and spore slide
examination was performed under a Leica brand DM500
model light microscope at 400 magnification.

For the identification and counting of fungal spores,
the examination was carried out on microscopic slides
along 4 horizontal lines with 2 mm intervals from the
starting point. The results obtained were calculated and
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converted into fungal spore concentrations in one m?® air
(Soldevilla et al. 2007).

Evaluation of Results

Daily and monthly figures as well as monthly charts
were created from the data obtained from the spore count
results of the atmosphere of 13dir province.
Meteorological parameters and spores data were
correlated with Spearman Correlation analysis (Table 4).

Meteorological Data

According to the meteorological data of Igdir
province, the lowest monthly average temperature (-0.34
°C) was measured in December, and the highest average
temperature was measured in July (28.41 °C). The lowest
average humidity rate was measured in June (41.33%),
while the highest average humidity rate was measured in
December (69.92%). The total precipitation amount in Igir
province in 2015 was determined as 209.6 mm. The
lowest monthly total rainfall was determined in July (0.0
mm), while the highest was recorded in April (40.8 mm).
The month with the lowest monthly total rainfall was
determined in July (0.0 mm), while the month with the
highest was determined in April (40.8 mm). Average
temperature, humidity and precipitation values are given
in Table 3 and Figure 3.

Results

In this study, the density of fungal spores belonging
to 10 specific taxa was investigated. As a result of the
study, a total of 156702 spores belonging to Alternaria,
Aspergillus/Penicillium,  Chaetomium, Cladosporium,
Curvularia, Drechslera, Epicoccum, Fusarium,
Pithomyces, Stemphylium/ Ulocladium taxa were
detected.

The atmospheric concentrations of the 10 fungal
spore taxa planned to be investigated in this study were
determined as follows, respectively. These taxa were
identified as Cladosporium (85.00%-133190 spore/m),
Alternaria (6.16%-9654 spore/m?), Aspergillus/ Penicillium
(5.91%-9260  spore/m®),  Fusarium  (1.30%-2040
spore/m?d), Epicoccum (0.61%-959 spore/md),
Chaetomium (0.26%-404 spore/m?®), Drechslera (0.24%-
376 spore/m®), Stemphylium/Ulocladium (0.21%-335
spore/m®), Pithomyces (0.19%-304 spore/m®) and
Curvularia (0.11%-180 spore/m®) (Table 1 and Table 2).

Based on the data obtained in this study, the most
detected fungal spores by month are; August 28.41%
(44524), October 18.96% (29711), September 15.33%
(24028), July 8.10% (12699), June %6.44 (10099),
November 6.32% (9901), May 6.02% (9426), January
3.17% (4966), December 2.92% (4573), in April, 1.81%
(2842), in March 1.71% (2672) and at least 0.80% (1261
spores/m3) in February. (Table 1 and Table 2).
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Figure 1. Location of Igdir in Turkiye and districts of I§dir province

Monthly Fungal Spor Distribution

Fungal spore distribution showed remarkable
seasonal variation throughout the year. The number of
fungal spores detected in January constituted 3.17% of the
annual total, with Cladosporium (1.82%), Aspergillus/
Penicillium (0.77%) and Epicoccum (0.26%) being the
most common species. In February, the number of spores
decreased significantly, accounting for 0.80% of the
annual total, but Cladosporium (0.41%) and
Aspergillus/Penicillium (0.28%) were still dominant. A
gradual increase in spore numbers was observed in March
and April, with 1.71% of the annual total detected in March,
and 1.81% in April. Cladosporium was also found to be at
the highest rates compared to other species during this
period. A significant increase in spore numbers occurred
in May, with 6.02% of the annual total detected. During
May, Cladosporium (4.79%) species were seen at higher
rates, especially compared to other months, and species,
such as Alternaria and Fusarium also showed a significant
increase (Table 1 and Table 2).

In June, the number of spores increased slightly,
accounting for 6.44% of the annual total. Cladosporium
(5.15%) and Alternaria (0.65%) were among the most
common species in this month. In the middle of the
summer season, a more significant increase was recorded
in the number of spores, especially in July. Spores were
detected in this month accounting for 8.10% of the annual
total. In July, Cladosporium (7.10%) was again dominant
compared to other species (Table 1 and Table 2).

In August, the peak of the annual spore distribution
was experienced, with 28.41% of the spores detected.
During August, Cladosporium reached the highest rate of
the entire year, accounting for 26.02% of the annual total.
Alternaria (1.49%) and Aspergillus/Penicillium (0.50%)
species were also detected at higher rates in this month
(Table 1 and Table 2).

As for the autumn months, the number of spores
continued to remain at high levels in September and
October. While 15.33% of the annual total was detected in
September, this rate increased to 18.96% in October.
During this period, Cladosporium was detected at very
high rates, especially in October (17.58%), and Alternaria
and Aspergillus/Penicillium species also showed a distinct
presence (Table 1 and Table 2).

In November and December, a decrease in the
number of spores was observed with the onset of winter.
6.32% of the annual total was detected in November and
2.92% in December. During this period, Cladosporium
(4.80%) and Aspergillus/Penicillium (1.04%) species were
found to be more common than other species, especially
in November (Table 1 and Table 2).

As a result, fungal spore distribution showed
significant seasonal changes throughout the year, with
significant increases in spore numbers especially in
summer and autumn. Cladosporium species was the
dominant species throughout most of the year, but other
species also showed seasonal densities depending on
seasonal conditions. These findings revealed how fungal
spore distribution changed depending on environmental
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factors and seasons, and provide important data to was the most abundant day with 6040 spores/m3. The
determine in which periods spore densities were higher second highest fungal spore density was detected on 28™
(Table 1 and Table 2). August with 5219 spores/m?® and the third highest fungal

When total fungal spores were evaluated daily spore density was detected on 13" October with 4792
according to months, it was determined that August 27 spores/m? (Figure 5).

Distribution of Annual Spore Concentraion (%)

= Cladosporium “ Alternaria m Aspergillus/Penicillium
" Fusarium ® Epicoccum " Chaetomium

" Drechslera 1 Stemphylium/Ulocladium M Pithomyces

M Curvularia

Figure 2. Annual spore concentration in the atmosphere of 1gdir (%)

Table 1. Monthly fungal spore distribution in Igdir atmosphere (spore/mq)

[0} o by
> 2 - Q = o o
a S = _ 2 g 3 g IS
2 5 % = > e > > ° o > S Total
TAXA s & s & s 353 3 2 2§ & 2 4 |sporeimd
Cladosporium 2855 638 1620 1924 7499 8076 11126 40776 20844 27555 7514 2763 133190
Alternaria 200 41 40 172 869 1018 973 2337 2131 1131 591 151 9654
Aspergillus/Penicillium 1208 446 932 642 247 211 384 776 640 556 1628 1590 9260
Fusarium 17 2 14 45 709 574 57 246 75 283 18 0 2040
Epicoccum 407 38 11 19 14 33 60 68 109 105 68 27 959
Chaetomium 73 15 6 13 8 130 42 42 31 9 17 18 404
Drechslera 21 13 14 7 9 17 36 77 104 32 33 13 376
Stemphillium/Ulocladium 33 5 6 2 8 10 1 156 62 31 19 2 335
Pithomyces 75 54 25 15 28 18 10 35 22 6 10 6 304
Curvularia 77 9 4 3 35 12 10 11 10 3 3 3 180
Total 4966 1261 2672 2842 9426 10099 12699 44524 24028 29711 9901 4573 156702
Table 2. Monthly percentage of fungal spore distribution in I§gdir atmosphere (%)
(<5} e —_
- > _ 2 . a 3
T S 5 _ 0 2 8§ £ § 5
P 8 = = > c > =) o 2 2 Q Total %
TAXA S & = £ 5 32 3 2 § S 2 & |sporem?
Cladosporium 1,82 0,41 1,03 123 479 515 7,10 26,02 13,30 17,58 4,80 1,76 85,00
Alternaria 013 003 003 011 055 065 062 149 136 0,72 0,38 0,10 6,16
Aspergillus/Penicillium 0,77 028 059 04 0,16 0,13 0,25 050 041 035 1,04 1,01 5,91
Fusarium 0,01 0,001 0,010 003 045 037 004 0,6 0,05 0,48 0,01 0,00 1,30
Epicoccum 0,26 0,02 0,010 0,01 0,010 002 0,04 0,04 0,07 0,07 0,04 0,02 0,61
Chaetomium 0,06 0,00 0,00 0,01 0,01 0,08 0,03 003 002 00 0,0 0,01 0,26
Drechslera 0,010 0,00 0,010 0,004 0,01 0,01 0,02 0,05 0,07 002 0,02 0,01 0,24
Stemphillium/Ulocladium | 0,02 0,003 0,004 0,001 0,01 0,01 0,001 0,0 0,04 0,02 0,01 0,001 0,21
Pithomyces 0,06 0,03 0,02 0,01 0,02 0,01 0,01 0,02 0,01 0004 0,01 0,004 0,19
Curvularia 0,05 0,00 0,003 0,002 002 0,01 00 0,010 0,01 0,002 0,002 0,002 0,11
Total 317 080 1,717 181 6,02 644 810 2841 1533 1896 6,32 292 100,00
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Table 3. Monthly average temperature (°C), humidity (%) and total precipitation (mm) of Igdir atmosphere

& 5 .
> a (D) (O]
> - - = Ko o
s S = _ s § 2 £ E
2 5 % = > Q > o =1 S > o
Meteorological Data 3 @ s g s 3 3 Z 3 S 3 S
Temperature (°C) 0.98 4.27 840 13.81 1845 2500 28.41 26.90 2341 1450 6.45 -0.34
Humidity (%) 64.62 60.13 50.54 47.41 52.24 41.33 35.28 41.99 43.81 7211 67.06 69.82
Total Precipitation (mm) 24 A4 46 408 80 254 00 154 10 878 42 156
Monthly Temperature Distribution (°C)
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Figure 3. Meteorological data distribution in 1gdir atmosphere
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Monthly Variation of Fungal Spores in Igdir Atmospher (%)
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Figure 4. Monthly variation of fungal spores in I1gdir atmosphere (%)

Daily Variation of Fungal Spores in Igir Atmosphere
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Figure 5. Daily variation of fungal spores in Igdir atmosphere

Statistical Analysis

In this study, Spearman correlation analyses were
performed on fungal spore data belonging to 10 taxa and
meteorological  parameters, such as average
temperature, total precipitation, average humidity and
average wind speed using the SPSS 20 software. The
statistical analysis results were as follows.

In terms of average temperature, Alternaria,
Cladosporium, Drechslera and Stemphylium /Ulocladium
showed a significant positive relationship at the level of
0.01, while Aspergillus/Penicillium and Pithomyces
showed a significant negative relationship at the level of
0.01 (p<0.01) (Table 4).

In terms of average humidity, Curvularia and
Pithomyces showed a significant positive relationship at
the level of 0.05 (p<0.05). In  addition,

Aspergillus/Penicillium, Epicoccum and Fusarium
showed a significant positive relationship at the level of
0.01 (p<0.01), while Alternaria and Cladosporium showed
a significant negative relationship at the level of 0.01
(p<0.01) (Table 4).

In terms of average wind, Fusarium showed a
significant positive relationship at the 0.05 level (p<0.05).
In addition, Alternaria showed a significant positive
relationship at the 0.01 Ilevel (p<0.01), while
Aspergillus/Penicillium and Epicoccum showed a
significant negative relationship at the 0.01 level (p<0.01)
(Table 4).

As a result of the statistical analysis, no significant
relationship was observed between total precipitation and
fungal spore taxa (Table 4).
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Table 4. Spearman Correlation analysis

Daily
Average Total Average Average Wind
TAXA Temperature Precipitation Humidity Speed
Alternaria 0.632" 0.154 -0.223" 0.125
Aspergillus/ Penicillium -0.419" -0.179 0.275" -0.305™
Chaetomium 0.003 -0.222 0.02 -0.039
Cladosporium 0.601" 0.136 -0.201™ 0.063
Curvularia -0.178 -0.248 0.206" 0.038
Drechslera 0.226™ 0.234 -0.017 -0.032
Epicoccum -0.098 0.12 0.252™ -0.198"
Fusarium 0.023 0.264 0.223" 0.203"
Stemphylium/Ulocladium 0.289" -0.098 -0.085 0.038
Pithomyces -0.201" -0.009 0.152 -0.122

** Correlation is significant at the 0.01 level (2-tailed).
* Correlation is significant at the 0.05 level (2-tailed).

Table 5. Data on the 10 dominant fungal spore taxa in similar studies in Turki

e and abroad

E ~
g < g 1S S g © S £ o ©
a < =3 E 3 £ g 2 g E
@ < o= 2 o ) 2] ST £ =
S = o L @ S Q S £5 o .
I 9 Qo %) 2 © @ 53 < s
Locations o = 28 z S S 5 735 T 3 References
Igdir 85.00 6.16 5.91 130 061 026 024 021 0.19 0.11
Adana 73.00 27.00 (Ylkselen et al., 2013)
o Ankara 75.50 6.10 1.30 (Ceter and Pinar, 2009)
-E‘ Bursa 88.11 499 4.65 084 062 0.13 0.24 0.14 0.15 0.13 (Ataygil et al., 2007)
5 Elazi§ 342 243 11.60 334 376 1282 044 081 211 (Kilic et al., 2020)
= Gaziantep 56.01 582 0.58 0.04 043 0.15 0.22 0.23 0.01 0.05 (Akgul et al., 2016)
Nigde 69.46 721 142 0.13 0.86 0.30 0.74 0.68 0.46 0.29 (Ceter et al., 2020)
Yalova 55.36 7.59 0.25 0.86 0.88 0.03 0.20 0.27 0.05 (Yiimazkaya et al., 2019)
Bangkok, Thailand 49.37 1.66 7.90 7.89 1.04 2.14 (Songnuan et al., 2018)
Caxias do Sul, Brazil 32.86 0.74 533 0.54 (De Antoni Zoppas et al., 2006)
Kolkata, India 32.94 258 6.51 2.33 2.97 1.45 1.24 (Chakrabarti et al., 2012)
Madeira, Portugal 78.00 5.40 470 0.70 1.30 0.07 0.60 (Sousa et al., 2016)
] Madrid, Spain 4313 092 248 002 0.09 010 030 0.04 0.003 0.02 (Herrero et al., 2006)
2 | Saclay, France 3528 1.28 0.01 0.28 0.01 001 0.11 (Sarda-Estéve et al., 2019)
ff: Stockholm, Swedish 41.52 0.30 (Hjelmroos, 1993)
Szczecin, Poland 66.00 1.67 0.14 0.01 0.26 0.02 0.14 0.01 0.003 | (Bednarz and Pawlowska, 2016)
Szczecin, Polonya 73.35 2.48 (Grinn-Gofron and Mika, 2008)
Worcester, England 64.10 0.75 1.10 0.37 0.38 0.03 0.03 (Sadys et al., 2015)
Zarga, Jordan 49.39 770 1.84 074 071 127 1.47 (Abu-Dieyeh and Barham, 2014)
Discussions development of this mesophilic genus are between 20°C
In this study, Cladosporium, Alternaria, Aspergillus/ and 40°C (Gravesen, 1979). Cladosporium species are
Penicillium,  Fusarium,  Epicoccum, Chaetomium known to be the most common cause of respiratory

Drechslera, Stemphylium/Ulocladium, Pithomyces and
Curvularia fungal spores per cubic were detected by
using the volumetric method to determine their density in
the air.

A total of 156702 spores/m? fungal spores were
determined (Table 1). The most common fungal spore
was Cladosporium, and the least common fungal spore
was Curvularia (Table 1 and Table 2). While the highest
density of fungal spores was determined in August, the
lowest month was February (Table 1 and Table 2).

Cladosporium

Cladosporium, a cosmopolitan genus, is the largest
and most heterogeneous taxon among the 772 living
groups, known as molds (Bensch et al., 2012; Dugan et
al., 2004). The optimum temperature conditions for the

diseases, such as asthma and rhinitis (Bouziane et al.,
2005). Studies conducted on Cladosporium in Islamabad,
the capital of Pakistan, revealed that these spores cause
severe asthma attacks and even death (Abbas et al.,
2012).

In this study conducted in the atmosphere of 1gdir
in 2015, the density of Cladosporium was determined as
85.00% (Table 2). In studies conducted in Turkiye,
Cladosporium taxon are seen as the most abundant
taxon. It is thought that the main reason for this situation
is the optimum temperature conditions required for the
development of Cladosporium (Gravesen, 1979). Apart
from this, it has been determined that Bursa (Ataygul et
al., 2007) is among the provinces where it is detected
between 80% and 90%. It has been observed that the
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provinces where this taxon is detected between 70% and
80% are Ankara (Ceter and Pinar, 2009) and Adana
(YUkselen et al., 2013). It has also been reported that the
provinces where this taxon is detected between 50% and
70% are Nigde (Ceter et al., 2020), Gaziantep (Akgul et
al., 2016) and Yalova (Yilmazkaya et al., 2019) (Table 5).
In similar studies conducted abroad, it has been observed
that among the places where this taxon is detected at a
rate of more than 50% are Madeira/Portugal (Sousa et al.,
2016), Szczecin-Poland (Grinn-Gofron and Mika, 2008;
Bednarz and Pawlowska, 2016) and Worcester-England
(Sadys et al., 2015). Cladosporium is detected at a rate
of 41.52% in Stockholm-Swedish (Hjelmroos, 1993),
which is less than 50%. (Table 5).

Alternaria

Alternaria species, which are found in various plant
parts, animals and the atmosphere, are observed as
epiphytic, saprophytic and parasitic (Woudenberg et al.,
2013). Alternaria species accumulate especially in the
respiratory tract and cause allergic effects (Filali et al.,
2015). These saprophytic spores infect the fruits and
leaves of apple trees and cause economic losses
(Rotondo et al., 2012). Alternaria spores, known as post-
harvest pathogens, can also be found in lemons,
tomatoes, cauliflower, broccoli, carrots and potatoes
(Thomma, 2003). It is stated that allergenic species are
among the most dangerous species in Europe, especially
in respiratory tract allergies (Fernandez-Rodriguez et al.,
2015). In patients showing allergy symptoms in the nose
(nasal) and bronchial regions, the presence of IgE
antibodies is detected in skin prick tests performed with
suspicion of Alternaria and Cladosporium spores
(D'Amato et al., 1997).

In this study, it was observed that Alternaria
constituted 6.16% of the total spores (Table 2). In similar
studies conducted in Turkiye, this taxon is determined as
the second most dense taxon. In the studies conducted,
it has been reported that Adana (Yikselen et al., 2013)
provinces are among the provinces where this taxon is
20% and above. It has been determined that the
provinces where this taxon is detected between 10% and
20% is Konya (Kizilpinar Temizer, 2011). This taxon is
recorded as 6.10% in Ankara (Ceter and Pinar 2009)
(Table 5). In similar studies conducted abroad, some of
the places where this taxon is detected between 1% and
10% are in Madeira-Portugal (Sousa et al.,, 2016),
Szczecin-Poland (Grinn-Gofron and Mika, 2008; Bednarz
and Pawlowska, 2016), Worcester-England (Sadys et al.,
2015) and Stockholm-Swedish (Hjelmroos, 1993) (Table
5).

Aspergillus/Penicillium Type Spores

The International Commission on Penicillium and
Aspergillus, which met in Utrecht, the Netherlands, on
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April 14, 2012, decided to bring these two genera together
and evaluated them as a single taxon (Houbraken et al.,
2014). The genus Penicillium, which spreads more rapidly
in temperate soils, also acts as a putrefactive agent in
stale bread, citrus products and apples, and some
Penicillium species secrete a fungal toxin, called patulin,
which has carcinogenic effects on the brain, liver and lung
organs (Gravesen, 1979). The genus Aspergillus can be
an allergen, infectious agent and saprophyte and can
exhibit both or all of these properties together
(Pennington, 1980). The Aspergillus genus, which is a
disease agent in humans and animals, causes allergic
asthma, allergic rhinitis and allergic sinusitis in humans,
and some species can cause infection in people with
chronic diseases (e.g. diabetes, cancer, alcohol
addiction, etc.) (Kurup and Kumar, 1991).

In this study, it was determined that Aspergillus/
Penicillium constituted 5.91% of the total spores (Table
2). Similar studies has determined this taxon as the third
most dense taxon in Tirkiye. In the studies conducted, it
has been observed that the provinces where the density
is determined to be more than 1% are Bursa (Ataygll et
al., 2007) and Nigde (Ceter et al., 2020) (Table 5). In
similar studies conducted abroad, this taxon is detected
between 0.5% and 5.5% in Madeira-Portugal (Sousa et
al.,, 2016), Szczecin-Poland (Bednarz and Pawlowska,
2016) and Worcester-England (Sadys et al., 2015) (Table
5).

Fusarium

Cosmopolitan and pathogenic Fusarium species
naturally spread and cause diseases in gardens, fields
and forests (Ma et al., 2013). A study conducted on some
members of this genus has revealed that they are
resistant to 5 out of 6 different fungicidal drugs (Alastruey-
Izquierdo et al., 2008). In a study, a list of pathogenic
fungal species has been created and two species of the
Fusarium genus are nominated for this list of 10 species
(Dean et al., 2012). As a result of the test conducted in
Iran, the presence of IgE due to Fusarium solani is
detected in all patients (Khosravi et al., 2012) (Table 5).

In this study, Fusarium was found to constitute
1.30% of the total taxa detected (Table 2). In similar
studies conducted in Turkiye, it is detected as more than
1% in Elazig (Kili¢ et al., 2020). Apart from this, it has
been observed that the places detected as less than 1%
are Yalova (Yilmazkaya et al., 2019), Bursa (Ataygul et
al., 2007), Nigde (Ceter et al., 2020) and Gaziantep
(Akgul et al., 2016). In similar studies conducted abroad,
it has been observed at a rate of 7.89% in Bangkok-
Thailand (Songnuan, 2018) and 4.70% in Madeira-
Portugal (Sousa et al., 2016) (Table 5).
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Epicoccum

In a study conducted with Epicoccum
purpurascens, it has been reported that the spores and
mycelium extracts of this species reacts to IgE and IgG
antibodies in skin tests. (Bisht et al., 2004). In a study
conducted on Epicoccum nigrum spores and extracts in
two different regions in Texas, allergen sensitivity is
recorded in skin tests (Dixit et al., 1992).

In this study, it was determined that Epicoccum
taxon constituted 0.61% of total spores (Table 2). In
similar studies conducted in Turkiye, the province with a
density of more than 1% is determined in Elazig (Kilig et
al., 2020). Epicoccum spore densities of less than 1% in
Yalova (Yilmazkaya et al., 2019), Bursa (Ataygul et al.,
2007), Nigde (Ceter et al., 2020) and Gaziantep (Akgul et
al., 2016) are given in Table 5. In similar studies
conducted abroad, Epicoccum taxon is detected at a rate
of 0.71% in Zarka/Jordan (Abu-Dieyeh and Barham,
2014), 0.70% in Madeira-Portugal (Sousa et al., 2016),
0.54% in Caxias do Sul-Brazil (De Antoni Zoppas et al.,
2006), 0.37% in Worcester-England (Sadys et al., 2015)
and 0.28% in Andrzej-Sorbon (Sorbonne et al., 2015). in
Saclay-France (Sarda-Estéve et al., 2019), 0.26% in
Szczecin-Poland (Bednarz and Pawlowska, 2016) and
0.09% in Madrid-Spain (Herrero et al., 2006) (Table 5).

Chaetomium

Chaetomium is a cosmopolitan genus,
comprising more than 80 species (Von Arx, 1986;
Abdel-Azeem, 2020). Most are saprophytic and
cellulolytic, and some species have been isolated from
human skin lesions and some produce toxins
(Udagawa, 1984; Webster and Weger, 2007). A cross-
reaction allergy test conducted on several fungal with
Chaetomium globosum has revealed that this species
responds better to antibodies than other fungal
species (Provost, 2010).

In this study, it has been observed that
Chaetomium taxon constitutes 0.26% of the total
spores (Table 2). In similar studies conducted in
Tirkiye, Chaetomium taxon is detected in Elazi§y at
more than 1% (Kilig et al., 2020). Apart from this, the
density is detected as less than 1% in Nigde (Ceter et
al., 2020), Gaziantep (Akgul et al., 2016), Bursa
(Ataygul et al., 2007) and Yalova (Yilmazkaya et al.,
2019) (Table 5). In similar studies conducted abroad,
it has been detected as 2.33% in Kolkata, India
(Chakrabarti et al., 2012), 1.27% in Zarka, Jordan
(Abu-Dieyeh and Barham, 2014), 0.10% in Madrid,
Spain (Herrero et al., 2006), 0.018% in Szczecin,
Poland (Bednarz and Pawlowska, 2016) and 0.01% in
Saclay, France (Sarda-Estéve et al., 2019) (Table 5).
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Drechslera

A study conducted on mice has showed that
Drechslera ronoceras is a better IgE inducer than
Cladosporium cladosporioides under the same
conditions (Menezes et al., 1995). Another study has
reported that the mycelium of the Drechslera
hawaiiensis species is seen in the brain region of
patients and caused fatal meningitis (Fuste et al.,
1973). It also causes infections, such as corneal
inflammation, skin lesions, peritonitis and inflammation
of the facial sinuses (Rolston et al., 1985).

In this study, it was determined that the density
of Drechslera constituted 0.24% of the total spores
(Table 2). In similar studies conducted in Tdurkiye, it
has been determined to be 12.82%, higher than 1%, in
Elazig (Kili¢ et al., 2020) and Ankara (Ceter and Pinar,
2009). Apart from this, its density is detected as less
than 1% in Kirsehir (Bulbil et al., 2011), Nigde (Ceter
et al., 2020), Bursa (Ataygul et al., 2007), Gaziantep
(Akgul et al., 2016) and Yalova (Yilmazkaya et al.,
2019) (Table 5).

In similar studies conducted abroad, the density
of Drechslera is detected as higher than 1% in Zarka-
Jordan (Abu-Dieyeh and Barham, 2014), Kolkata-India
(Chakrabarti et al., 2012), Madeira-Portugal (Sousa et
al., 2016), Worcester-England (Sadys et al., 2015),
Madrid/Spain  (Herrero et al., 2006) and
Szczecin/Poland (Bednarz and Pawlowska, 2016)
(Table 5).

Stemphylium/Ulocladium

In in-vivo and in-vitro studies using Stemphylium/
Ulocladium extract, this taxon is found to be allergenic
(Agarwal et al., 1982). In this study, it was determined that
Stemphylium/Ulocladium taxon constituted 0.21% of the
total fungal spores (Table 2).

In similar studies conducted in Turkiye, the
densities of this taxon are determined to be less than 1%
in the provinces of Elazig (Kili¢ et al., 2020), Yalova
(Yiimazkaya et al., 2019), Bursa (Ataygul et al., 2007),
Nigde (Ceter et al., 2020) and Gaziantep (Akgul et al.,
2016) (Table 5). In similar studies conducted abroad, it
has been observed as 1.47% in Zarka-Jordan (Abu-
Dieyeh and Barham, 2014), 0.04% in Madrid-Spain
(Herrero et al., 2006), 0.03% in Worcester-England
(Sadys et al., 2015), 0.01% in Szczecin-Poland (Bednarz
and Pawlowska, 2016) and 0.01% in Saclay-France
(Sarda-Estéve et al., 2019).

Pithomyces

A study conducted on various taxa, including the
genus Pithomyces, in homes where children with asthma
symptoms, and in homes where healthy individuals
served as controls, have been found that the air in homes
where healthy individuals live have slightly higher
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concentrations of Pithomyces than in homes where
children with asthma symptoms live (Meng et al., 2012).
Pithomyces has been reported as a moderate allergen
(Ascli et al., 2010).

In this study, Pithomyces was detected at 0.19%
(Table 2, Table 5). In similar studies conducted in TUrkiye,
the densities of this taxon has been found to be less than
1% in Elazig (Kili¢ et al., 2020), Bursa (Ataygul et al.,
2007), Nigde (Ceter et al., 2020) and Gaziantep (Akgul et
al., 2016) (Table 5). In similar studies conducted abroad,
it has been detected at rates of 1.45% in Kolkata, India
(Chakrabarti et al., 2012), 1.04% in Bangkok/Thailand
(Songnuan, 2018), 0.11% in Saclay, France (Sarda-
Estéve et al., 2019), 0.03% in Worcester, England (Sady$
et al., 2015) and 0.003% in Madrid/Spain (Herrero et al.,
2006) (Table 5).

Curvularia

A study conducted on Curvularia lunata, one of the
Curvularia spores has stated that this species is
allergenic and causes sinusitis (Bartynski et al., 1990).

In this study, it was determined that Curvularia
taxon constituted 0.11% of the total fungal spores (Table
2). In similar studies conducted in Turkiye, it is detected
at a rate of more than 1% in Elazi§ (Kili¢ et al., 2020).
This taxon is detected at lower densities than 1% in the
provinces of Nigde (Ceter et al., 2020), Bursa (Ataygul et
al., 2007), Yalova (Yilmazkaya et al., 2019) and
Gaziantep (Akgul et al., 2016) (Table 5). In similar studies
conducted abroad, it is detected at rates of 2.14% in
Bangkok-Thailand (Songnuan, 2018), 1.24% in Kolkata-
India (Chakrabarti et al., 2012), 0.6% in Madeira-Portugal
(Sousa et al., 2016), 0.02% in Madrid-Spain (Herrero et
al., 2006) and 0.003% in Szczecin-Poland (Bednarz and
Pawlowska, 2016) (Table 5).

In a study conducted in Szczecin, Poland, it has
been determined that Cladosporium taxa show a positive
relationship with temperature and a negative relationship
with humidity. In addition, it has been reported that
Alternaria taxa show a positive relationship with
temperature and a negative relationship with humidity
(Grinn-Gofron and Mika, 2008). In a study conducted in
Barrackpore, India, Aspergillus/Penicillium have been
found to have a negative significant relationship with daily
mean temperature and wind speed (Roy and Gupta
Bhattacharya, 2020). Another study conducted in
Szczecin, Poland, it has been found to have a positive
relationship with daily mean humidity (Grinn-Gofron,
2011). In a study conducted in the Central and Eastern
Black Sea region, Fusarium taxon is found to have a
positive significant relationship with humidity and wind
speed (Grinn-Gofron et al., 2020). A negative relationship
has been found between Epicoccum taxon and wind
speed (Grinn-Gofron et al., 2020). In addition, this taxon
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has been found to have a positive significant relationship
with humidity in another study (Oliveira et al., 2010) A
study conducted in Madeira, Portugal has found a positive
significant relationship between Drechslera taxon and
temperature (Sousaa et al., 2016). A positive significant
relationship has been found between Stemphylium taxon
and temperature (Grinn-Gofronh et al., 2020). A negative
significant relationship has been reported between
Pithomyces taxon and temperature (Chakrabarti et al.,
2012). A positive significant relationship has been found
between Curvularia taxon and humidity (Grinn-Gofron et
al., 2020).

Conclusion

In this study, the density of some allergenic fungal
taxa in the 1§dir atmosphere were investigated. No data
was detected that Pithomyces is definitively an allergen.
The remaining 9 taxa appeared to be allergenic and some
of them had pathogenic and saprophytic effects. It is
thought that the findings obtained would be useful to
allergists in the diagnosis and treatment of individuals
with allergic predisposition. It is also thought that it would
be a helpful knowledge in many fields, such as medicine,
pharmacy, agriculture, meteorology and veterinary
medicine.
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Abstract: The genus Mucronella was reported from Tirkiye for the first time, based on the
collection and identification of Mucronella calva, a distinct fungus with tiny spine-shaped and
pendent basidiocarps without a subiculum, from istanbul province. A brief description of the
identified collection is provided together with the photographs, related to its macro and
micromorphorphologies.

Keywords: Biodiversity, New record, Spine-shaped fungus, Turkiye

Mucronella, Turkiye’den Yeni Bir Cins Kaydi

Oz: Mucronella cinsi, sapsiz, kugik diken sekilli ve sarkik baziyokarpli belirgin bir mantar
olan Mucronella calva’'nin Istanbul’dan toplanip teshis edilmesine bagl olarak Turkiye'den ilk kez
kaydedilmistir. Teshis edilen érnegin kisa bir betimlemesi, makro ve mikromorfolojilerine iligkin

fotograflariyla birlikte verilmistir.

Anahtar kelimeler: Biyogesitlilik, Yeni kayit, Diken sekilli mantar, Turkiye

Introduction

Mucronella Fr. is a widespread basidiomycetous
macrofungi genus within the order Agaricales (Kirk et al.,
2008), The members of the genus are characterized by
small downwards-turned subulate basidiocarps without a
distinct subiculum, four-spored small basidia, ellipsoid to
globose, smooth, hyaline and thin-walled basidiospores,
monomitic hypha with clamps, and the occurrence on
wood and bark. In general appearance, the species of the
genus resemble a small Clavaria Vaill. ex L. or Pterula Fr.
but the pendent spines fundamantally differ them from the
members of such genera (Miller, 1933a,b; Frukawa,
1974; Bernicchia and Padovan, 1997; Mackkinnon and
Luther, 2021)

Mucronella was established in 1874 as a genus of
Hydnaceae. Later on, in 1950, it was transferred to
Clavariaceae by Corner, based on its hyphal system
(Frukawa, 1974). Currently, Indexfungorum (2024) does
not include it in a current family while Mycobank (2024)
still includes in Clavariaceae.

According to the checklist of macrofungi of Tirkiye
(Sesli et al., 2020) and the contributions made after 2020
(Polat and Keles, 2022; Sengul Demirak et al., 2022;
Sesli, 2023; Sahin et al., 2023; Yesilyurt et al., 2023)
indicate that, any member of the genus Mucronella have
been reported from Turkiye.

The study aims to contribute to the mycobiota of
Tarkiye.
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Material and Metod

The specimens of M. calva were collected from
Polonezkéy Nature Park in Beykoz (istanbul) district,
during a field work in 2024. The fruiting organs were
photographed at its naturally growing site using a digital
camera. Required notes were taken related to ecology,
morphology and geopraphy of the collection. Preservation
was made in accordance with standard methods.
Investigations related to micromorphology were based on
dry specimens, and carried out under a Leica DM 2500
trinocular compound microscope. 3% KOH was used for
rehydration. Meltzer reagent and lactophenol cotton blue
were used for coloring. Twenty five measurements were
made for each microstructure. Colour microphotographs
were obtained with the help of a digital camera attached to
a the compound microscope.

Identification of the specimen was performed by
comparing the obtained characteristics with Breitenbach
and Kranzlin (1986), Buczacki (2012), Bernicchia and
Padovan (1997), Laessge and Petersen (2019).

The specimens are kept at Karamanoglu
Mehmetbey University, Kamil Ozdag Science Faculty,
Department of Biology.

Results

Fungi R.T. Moore

Basidiomycota R.T. Moore

Agaricomycetes Doweld

Agaricales Underw.

Incertae sedis

Mucronella calva (Alb. & Schwein.) Fr.,
Hymenomyc. eur. (Upsaliae): 629 (1874)

Synonymy: Hydnum calvum Alb. & Schwein.,
Isaria calva (Alb. & Schwein.) Fr., Isaria hydnoides Link,
Mucronella abnormis Henn., Mucronella aggregata (Fr.)
Fr., Mucronella aggregata f. citrina Bourdot, Mucronella
calva f. ramificata Pilat, Mucronella calva var. aggregata
(Fr.) Pilat, Mucronia aggregata Fr., Mucronia calva (Alb. &
Schwein.) Fr.

Macroscopic and microscopic features: Fruiting
bodies composed of single or densely grouped, pendent,
subulate, spines of 0.6-1.2 mm long and 0.1-0.3 mm thick
(Fig. 1). Fruiting organs are positively geotropic, and
generally attached directly to the substrate without a
subiculum. Spines needle to awl-shaped, some curved,
round in cross-section, ending in a sharp conical point,
solid, white or whitish to yellowish cream, solid, smooth to
minutely hairy. Taste and odor indistinct.

Basidia 17-20 x 6-7,5 ym, slenderly clavate with 4
sterigmata. Basidiospores 3.6-4.4.x 2.3-2.7 ym, ellipsoid
to oval, smooth, thin-walled (Fig. 2). Hyphal system
monomitic with scattered tetrahedral crystals. Clamp
connections present (Breitenbach and Kranzlin, 1986;
Buczacki, 2012; Laessge and Petersen, 2019).

(2024)15(1)124/127

Mucronella species are brown-rot fungi growing on
well-decayed wood (Mackinnon and Luther, 2021), and
Mucronella calva was reported to grow on decaying conifer
and deciduous wood, typically on the undersides
(Breitenbach and Kranzlin, 1986; Bernicchia and
Padovan, 1997; Shiryaev and Irsenaite, 2009; Buczacki,
2012).

Specimen examined: istanbul, Beykoz,
Polonezkdy Nature Park, on decaying Pinus pinaster Aiton
trunk, 41.110687, 29.2000669, 200 m, 02.02.2024,
YKaraduman 10.

Suggested Turkish name for the genus is “Sarkit mantarr”,
and for the species is “Cam sarkit”.

Discussions

Mucronella calva was reported for the first time from
Tarkiye. It is the first reported member of the genus
Mucronella in Turkiye. General characteristics of Turkish
collection are generally in agreement with those previous
reports (Breitenbach and Kranzlin, 1986; Buczacki, 2012;
Laessge and Petersen, 2019).

Though it looks like a miniature Hericium erinaceus
(Bull.) Pers., inverted growth form and lignicolous habit
makes this toot fungus easily recognizable. Presence of
crystals in the hyphal tissue is also another intersting
aspect of this fungus (Mycoweb, 2024).

The basidiomata of Dentipratulum Domanski also
have similar appearance with Mucronella species, but the
presence of gloeocystidia differs it from Mucronella
(Larson, 2007).

Sometimes two Mucronella species can be found
growing in side-by-side clumps and may be confused
(Mackinnon and Luther, 2021). General morphological
appearance of M. calva is also very similar to M.
bresadolae (Quél.) Corner but the larger (up to 5 mm long
and up to .6 mm thick) spines, longer basidia (25-37 um)
and the bigger basidiospores (4.5-8.5 x 4-7 um) of the
latter species clearly seperates it from M. calva
(Breitenbach and Kranzlin, 1986; Desjardin et al., 2015;
Laessge and Petersen, 2019).
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Figure 2. Basidia (a), and basidiospores (b-c) of Mucronella calva (bars: 10 um) (b- Melzer, c- LPCB).
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Oz: Neocucurbitaria rhamnicola Jaklitsch & Voglmayr Hakkari ilinden toplanan érneklerin
teshis edilmesine bagli olarak Turkiye’den ilk kez rapor edilmistir. Belirlenen tirin kisa bir
betimlemesi, tiiriin makro ve mikro morfolojilerine iligkin fotograflari ile birlikte verilmistir.

Anahtar kelimeler: Biyogesitlilik, Cucurbitariaceae, Yeni kayit, Hakkari, Tlrkiye
Neocucurbitaria rhamnicola: A New Macrofungus Record for Tiirkiye
Abstract: Neocucurbitaria rhamnicola Jaklitsch & Voglmayr is reported for the first time
from Turkiye, based on the identification of the specimens collected from the Hakkari province. A
brief description of the presented species is provided, together with the photographs illustrating
its macro- and micro morphologies.

Keywords: Biodiversity, Cucurbitariaceae, New record, Hakkari, Tirkiye

Giris

Cucurbitariaceae, Pleosporales takiminin en iyi
bilinen monofiletik familyalarindan biridir (Liu ve ark.
2017; Wanasinghe ve ark. 2017). Aile, Allocucurbitaria,
Cucurbitaria, Neocucurbitaria, Paracucurbitaria,
Astragalicola, Cucitella, Fenestella, Parafenestella,
Protofenestella ve Seltsamia cinslerini igermektedir.
Wanasinghe ve arkadaslar tarafindan 2017 yilinda
tanitilan Neocucurbitaria, Cucurbitariaceae familyasinin
en kalabalik Gcuncu cinsidir (Cucurbitaria 94 tar;
Fenestella 28 tiir; Neocucurbitaria 21 tir; Parafenestella
14 tir; Syncarpella 7 tir; Rhytidiella 4 tir; Allocucurbitaria
2 tur; Astragalicola 2 tir; Paracucurbitaria 2 tir;
Synfenestella 2 tar; Cucitella 1 tur; Protofenestella 1 tur;

Seltsamia 1 tur) (Su ve ark., 2022, Zhang ve ark., 2022).
Jaklitsch & Voglmayr (2020) yakin zamanda cinsi yeniden
incelemis ve ayrintili bir genel tanim sunmustur.
Tarkiye’de gecmisten yakin zamana kadar
belirlenmis makromantarlar listeleyen eserler (Sesli ve
ark., 2020; Solak ve Turkoglu, 2022) ve Glkemizde yetisen
makromantarlar Gzerinde yapilan son galismalarin (Asan
ve ark., 2022; Acar ve Dizkirici, 2023; Akgay ve ark.,
2023; Kesici ve ark., 2023; Sesli, 2023a,b,c; Uzun ve
Kaya, 2023a,b; Dogan ve ark., 2024; Aslan ve ark., 2024;
Karaduman ve ark., 2024; Celik ve ark., 2024; Yesilyurt
ve ark., 2024; Sengul ve ark., 2024; Asan ve ark., 2024)
incelenmesi neticesinde Neocucurbitaria rhamnicola
Jaklitsch & Voglmayr tiriinin Ulkemizde ilk defa tespit
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edildigi ve Turkiye mikobiyotasi icin yeni bir kayit oldugu
belirlenmistir. Bu c¢alisma ile Ulkemiz makromantar
cesitliligine katki saglamak amaclanmaktadir. Teshis
edilen 6rnekler Van Yizinci Yil Universitesi, Fen
Fakultesi, Biyoloji Bolimi, Mantar Laboratuvar’nda
muhafaza edilmektedir.

Materyal ve Metot

Calisma materyalini  olusturan makromantar
ornekleri 2020-2022 yillar arasinda Hakkari merkezde
yapilan arazi c¢aligmalar sonucu toplanmigtir. Arazi
calismalari sirasinda Canon marka EOS 60D model dijital
fotograf makinesi ve Tokina marka 100 F2.8 D makro lens
ile mantar o&rneklerinin renkli fotograflari cekilip, tim
morfolojik dzellikleri, habitati, Uzerinde yetistigi substrati,
GPS bilgileri ve yikseltisi not edildikten sonra toplanip
drneklere zarar veriimeden Van Y{iziinci Yil Universitesi,
Fen Fakiiltesi, Biyoloji Bolimi, Mantar Laboratuvari’'na
tasinmis ve uygun yoéntemler kullanilarak kurutulmustur.
Kurutulan bu 6rnekler kilitli polietilen posetlere konulup
toplanma tarihi, toplayici numarasi, sistematik ve ekolojik
Ozellikleri iceren etiket yapistirilarak fungaryum materyali
haline getirilmigtir. Daha sonra gerekli mikolojik teknikler
uygulanarak hazirlanan preparatlar Leica marka DM500
modeli 151k mikroskobu, bu mikroskoba bagli Leica marka
ICC50 HD model kamera ve arastirma bilgisayarina yuklu
Leica LAS EZ uygulamasi (Ver. 3.4.0) kullanilarak
incelenmis ve 06rnede ait mikroskobik karakterlerin
dzellikleri belirlenmistir. Ornegin ekolojik, morfolojik ve
anatomik ozellikleri 1s19inda hazirlanan deskripsiyonu
ilgili literatir (Jaklitsch ve Voglmayr, 2020; Su ve ark.,
2022) ile karsilastinlarak tirin teshisi yapilimigtir.

Bulgular

Tiiriin Sistematigi

Fungi Bartling

Ascomycota Caval.-Sm.

Dothideomycetes O.E. Erikss. & Winka

Pleosporales Luttr. ex M.E. Barr

Cucurbitariaceae Luerss.

Neocucurbitaria Wanas., E.B.G. Jones & K.D.
Hyde

Neocucurbitaria rhamnicola  Jaklitsch &
Voglmayr (Sekil 1).

Onerilen Tiirkge bilimsel isim: Cehri kabakglli

Tiiriin Makroskobik Ozellikleri

Askokarp 200-350 (450) um ¢apinda ve (90) 115-
175 (215) um yiksekliginde, agac¢ yuzeylerinde, kabuk
catlaklarinda klguk gruplar halinde daginik veya toplu
halde i¢ kabuk katmanlari veya ahsap Uzerinde yetisir.
Ust kismi diiz ya da yari kiiremsi, merkezi ¢ken diskoid
ve genellikle kirmizimsi ile siyah merkezi bir papilla (30-

(2024)15(2)128/131

100 pm capinda) bulunur, yiizeyi purizsiz veya hafif
sigilli ve siyah renklidir.

Tiiriin Mikroskobik Ozellikleri

Askuslar 100-140 (150) x (11) 12-16 (18) um,
silindirik veya dar klavat sekilde, bitunikat veya
fissitunikat, kalin duvarl, ayri bir okiler odacikh, kisa
seritli ve basit topuz benzeri bir tabana sahiptir, egik
sekilde uniseriat veya biseriat olarak diizenlenmis 8
askospor igerir. Askosporlar (15) 18-22 (26) x (7) 8,5-11
(12) um, elipsoid veya fusoid, ortadaki septumda
daralmig, st kisim hafifge genislemis, alt kisim siklikla
tabana dogru incelmistir, 3-7 enine ve 1 (2) uzunlamasina
bdlmeli, orta ila koyu kahverengidir, %3 KOH ile hazirlana
preparatta daha koyu ve plrtzsizdir. Peridiyum 40-75
(100) ym kalinliginda, psédoparenkimatéz, dis katman
koyu kahverengi, i¢ katman sarimsi ila hiyalin arasinda;
hicreler kalin duvarli ve (4) 5-8 (12) um boyutlarindadir.
Subikulum 2-7 pm genigliginde, kahverengi ve kalin
duvarli hiflerden olugur. Hamatesyum ise 1-3 um
genisliginde dallanmis parafizlerden olusur.

Tiiriin Habitat

Aragtirma materyalini olusturan makromantar
ornekleri Cehri (Rhamnus alaternus L.) bitkisinin yere
dismuUs dal pargalari Gizerinde tespit edilmigtir.

Hakkari, Kargiyaka mahallesi, 37° 34'563.37" K, 43°
43'49.33" D, 1766m, 23.11.2020, Kesici D0269.

Tartisma

Calisma sonucunda Neocucurbitaria rhamnicola
tird  Turkiye'den ilk kez tespit edilerek Ulkemizin
makromantar cesitliligine katki olarak sunulmustur.
Ulkemizde 2022 yilina kadar temsil ediimeyen bu cins, N.
quercina turdndn tespiti sonucunda Turkiye mantar
listerine eklenimstir (Tortn ve ark., 2022). Bu ¢calisma ile
de cinsin Ulkemizdeki temsiliyeti iki tre ¢ikariimistir.

Neocucurbitaria cinsinin Cehri (Rhamnus spp.)
bitkisi odun kalintilari (zerinde yetisen (¢ tarU
belirlenmistir (Jaklitsch ve Voglmayr, 2020). Bu Ug tir
substrat olarak farklh Rhamnus turlerini tercih etmeleri
yoninden farklilik gostermekle birlikte; N. rhamnioides
cografi dagihm ve askomata Uzerinde gbze carpan
tuberkulllerin olmamasi ve N. rhamni tlru ise biraz daha
klguk askus ve askosporlara sahip olmasi yoninden N.
rhamnicola tiriinden ayirt edilir (Jaklitsch ve Vogimayr,
2020).

Yazar Katkilan

Tam yazarlar esit katkiya sahiptir.

Cikar Catismasi

Yazarlar ¢ikar catismasi olmadigini beyan ederler.

Etik Beyani: Bu ¢alismanin hazirlanma surecinde
bilimsel ve etik ilkelere uyuldugu ve yararlanilan tim
calismalarin kaynakgada belirtildigi beyan olunur (Sedat
KESICI, Cemil SADULLAHOGLU,Mustafa Emre AKCAY,
Yusuf UZUN).
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Sekil 1. Neocucurbitaria rhamnicola’ya ait a) askokarplar b) hamatesyum c) askus ve d) askosporlar.
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Oz: Dericilik; ilk insanlik zamanindan giiniimiize kadar hala en gézde sanatlardan biridir.
Buna ragmen derinin islenme sirasinda hizla gelisen teknoloji ve endustrilesme ile gevreye verdigi
zarar gun gegtikce artmaktadir. Bununla birlikte ekolojik sorunlar ve insan saghgini tehdit eden
kirlilik ortaya ¢cikmaktadir. Cevre kirliligine bagli sorunlarin artmasi nedeniyle son yillarda gevreye
duyarlilik artmis, sUrdurdlebilir ve biyolojik olarak pargalanabilen malzemeler 6nem kazanmistir.
21. ylzyilda sifir atik bir yasam felsefesi olarak benimsenmis, yenilenebilir ve sirdarilebilir
yenilikgi malzemelerin 6nemini arttirmistir. Mantarlar, biyomateryal olarak en umut verici
kaynaklar arasinda yer almakta ve son zamanlarda Urin tasariminda kullaniimaktadir. Bu
arastirma kapsaminda; Fomes fomentarius tirinden tekstil, hazir giyim ve deri sektori icin
saglikh, ekonomik, dodada kolay c¢oézinebilen, c¢evreye duyarli yenilikgi ylzey malzemesi
Uretilmesi amaclanmistir. Arastirmada deneysel calisma yontemi kullaniimistir. F. fomentarius
turdndn temini igin arazi calismasi yapilmis ve toplanan ornekler laboratuvara getirilerek teghis
islemi gerceklestiriimistir. TUr tayini yapilan érnekler icin dort ana cerceve Uzerinde sekiz farkh
deney dizeneg@i hazirlanarak yenilikgi ylzey olusturma yontemleri denenmistir. Denemeler
sonucunda tekstil, hazir giyim ve deri sektériinde kullanilabilir sekilde yenilikgi yizey elde
edilmigtir.

Anahtar kelimeler: Fomes fomentarius, Mantar, Surdirulebilirlik, Biyomateryal

Creating A Sustainable Innovative Surface With A Leather Look From
Fungi: “Fomes fomentarius”

Abstract: From the beginning of human history to the present, one of the most widely
practiced arts is still leather processing. Despite this, the damage that leather gives to the
environment is increasing day by day with the rapidly developing technology and industrialization
during processing. Along with this, ecological problems and pollution that threaten human health
are emerging. Due to the increase in environmental pollution-related problems, environmental
awareness has increased in recent years, sustainable and biodegradable materials have gained
importance. In the 21st century, zero waste has been adopted as a life philosophy, increasing the
importance of renewable and sustainable innovative materials. Fungi are among the most
promising sources as biomaterials and have recently been used in product design. The goal of
this research is to create healthy, economical, easily biodegradable, environmentally friendly
innovative surfacee materials from Fomes fomentarius for the leather, textile, and ready-to-wear
industries. In the investigation, the experimental study approach was applied. To gather F.
fomentarius, fieldwork was conducted. Samples were brought to the laboratory and the
identification process was carried out. Eight distinct experimental settings were established on

CC BY 4.0 Uluslararasi Lisansi altinda lisanslanmigtir / Licensed under the CC BY 4.0 International License.
Atiflamada APA stili kullaniimigtir, iThenticate ile taranmistir./ APA style was used in citation, plagiarism was checked with iThenticate.
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four major frames for the examples, whose species was determined, and novel surface generation
techniques were tested. As a result of the experiments, an innovative surface was obtained that
can be used in the textile, ready-made clothing and leather sectors.

Keywords: Fomes fomentarius, Fungi, Sustainability, Biomaterial

Giris

Doga ile bir bitin halinde yasayan insan
toplulugunun, dogay! hoyratga kullanmasi, teknolojik
gelismeler ve sanayilesme sonucunda, ¢evre Kirliligi ve
dogal kaynaklarin azalmasina neden olmaktadir (Seker,
2023). Cevre kirliligi ve bununla beraber ortaya cikan
dogal kaynaklarin azalmasi bir Ulkenin blylUmesi,
kalkinmasi ve sudrddrllebilirlik icin  hayati 6nem
tagimaktadir. Dogal kaynak bakimindan zengin olan bir
Ulke butin ekonomi planlarini buna dayali bir sekilde
olusturmaktadir. Dogal kaynaklar; mamul, yari mamul,
hammadde ve enerji girdisi olarak 6nemli bir Gretim
faktoriduar (Ulucak, 2016). Dogal kaynaklarin tikenmesi,
cevresel dengesizlik ve kirlilik gibi sorunlari beraberinde
getirmektedir. Gelismis ve gelismekte olan Ulkeler
arasinda artan rekabet glcu, enerji talebinin agir
artmasina ve karbon kirliligine yol agmaktadir (Yasmeen
vd., 2023). Enerji kaynaklarinin en disik emisyonlarla
verimli kullanimi yoluyla surdurilebilir kalkinma hem
sanayilesmis hem de gelismekte olan ekonomiler igin
Onemli bir sorun olmaya devam etmektedir (Shah vd.,
2024). Sirdirulebilir  kalkinma hedeflerinin  temel
ilkelerinden biri, uzun vadeli ekonomik kalkinmay tegvik
ederken enerji yoksullugunu, kaynak tuketimini ve
emisyonlari azaltmaktir (Leng vd., 2024). Deri endustrisi
de ekonomik kalkinma igin kritik sektérlerden biri olarak
bilinmesine ragmen ayni zamanda atik, enerji ve kaynak
israfi olusturdugu igin gevreyi kirleten 6nemli sektorlerden
biri olarak kabul edilmektedir (Sathish vd., 2016). Bu
dogrultuda birgok alanda oldugu gibi deri sektériinde de
surdurilebilirlik kavrami ortaya cikmaktadir (Ozdemir,
2023). Surdurulebilirlik kavrami ilk kez 1972 yilinda, “Club
of Rome” tarafindan “Buyumenin Sinirlar 2" adli raporda
sunulmustur  (Metlioglu ve Yakin, 2021). Ancak
raporlastirilarak yayinlanmasi 1987 vyilinda “Birlesmis
Milletler Dinya Cevre ve Kalkinma” komisyonunun
Brundtland Ortak Gelecegimiz raporunda olmustur
(Durgun ve Saribay, 2022; Sahin ve Odabasi 2018).
Sardirulebilirlikle ilgili birgok tanim vardir. Bunlardan biri
Dunya Cevre ve Kalkinma Komisyonu Tarafindan
yapllmistir. Tanima goére surdurulebilirlik, “gelecek neslin
kendi ihtiyaclarini karsilama yetenegini etkilemeden veya
tehlikeye atmadan, mevcut neslin ihtiyaglarini karsilama”
olarak tanimlanmakta, sosyal, cevresel, ekonomik ve
kaynak surdurdlebilirligini  icermektedir  (Mori  ve
Christodoulou, 2012; Giddings vd., 2002). Sardarilebilir
Uretim; insani, finansal ve c¢evresel kaygilar arasinda

dengeyi korumaya galisan surdurilebilir kalkinmanin bir
pargasidir (Moktadir vd., 2018).

Son doénemlerde tiketiciler, Grtnlerin hammadde
ve malzeme igeriklerine, etik degerlere, Uretim
kosullarina, dogal gerekliliklere 6nem vermeye
baslamislardir (Jones vd., 2021). Dogay! korumak adina
surdarulebilir, ¢evreci ve yenilik¢i drtnler tuketiciler
tarafindan daha fazla tercih edilmektedir. Bu acidan
yenilikgi kavrami; yeni bir digtncenin ortaya konulup,
yasam kalitesini arttiran, faydaya yonelik, pazarlanabilir,
tiketici  tarafindan  kabul gérip, Ureticiye her
zamankinden daha fazla kéar getirebilir olmasi demektir
(Ocakoglu, 2018). Yenilikgi ve fayda saglayan Urinlerin
cevreye zarar vermemesi, geri donltsimi miamkidn
kilmasi ve dogal kaynaklarinin yenilenebilir olmasi
gereklidir. Bu baglamda da belirtilen nitelikleri saglayan
yesil Urin kavrami ortaya c¢ikmaktadir (Yildiz ve
Katahyali, 2021). Yesil Grtnler; daha az kirlilik yaratan,
geri donusturdlebilir malzemelerden olusan, atik, ambalaj
ve toksik maddelerin imha strelerini azaltmak igin su ve
enerji tasarrufu saglayan, vyenilenebilir kaynaklarin
Uretimde daha fazla kullanilmasini saglayarak uretilen
urdnler olarak tanimlanabilir (Chen ve Hung, 2016). Yesil
ardn, kullanim suresi tamamlandiktan sonra, ayrismasi
veya yeniden kullanilabilmesi i¢in geri donlisim
sureclerine giren Urindur. Bunlar ¢evreye dost Urlnler
olup zehir icermezler, kirlilige neden olmazlar, geri
dénusumlidirler (Ozcan ve Ozgiil, 2019). Yesil Grin;
surdurulebilir, gevresel Urin, ekolojik yenilik, inovasyon
gibi farkli kelimeler ile ifade edilmektedir (Kuzgun ve
Gozikara, 2023). Yesil Grindn insan ya da hayvan
sagligina tehlikeli olmamasi, Uretim esnasinda ¢evreye
zarar vermemesi ve asirt miktarda enerji ve diger
kaynaklari tiketmemesi, fazla ambalaj ya da kisa yasam
suresi nedeni ile gereksiz atiga neden olmamasi ve
hayvanlara iskence yapilmamasi gibi 6zellikleri tagimasi
beklenmektedir (Cabuk vd., 2008). Bu nedenlerle
gunimuzde ulusal ve uluslararasi boyutta dzellikle ticari
olarak gevreye zarar vermeyen, geri donisiimi mimkin
olan, dogal kaynaklari tiketmeyen, fayda saglayan ve
hayvansal malzeme icermeyen, bitkisel kaynakli, bakteri
esasli ve mantar kaynakh yenilik¢i yuzeyler Uretiimeye
baslanmistir.

Bu arastirmada; dogal kaynaklarin yenilenebilir
olmasi sebebiyle Fomes fomentarius (L.) Fr tirtnden,
tekstil, hazir giyim ve deri sektoéru icin kullanilabilir deri
gérinimld  yenilikgi ylzey malzeme olusturulmasi
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amaclanmistir. Bu amag dogrultusunda mantar temini igin
arazi calismasi, mantar teshisi i¢in laboratuvar ¢alismasi
ve mantardan yenilikgi ylzey elde etmek icin deneysel
calismalar yapilmigtir.

Materyal ve Metot

Calismada mantardan yenilikgi yuzey
olusturuimasina yoénelik deneysel arastirma yontemi
kullaniimistir. Deneysel ¢alisma, bir degiskenin diger bir
degisken Uzerindeki etkisini 6lgmek icin kullanilan bir
arastirma yontemidir (Kaptan, 1973). Bu galismada, deri
gOrunimine en yakin biyo malzeme olan mantar tercih
edilmistir. Mantarlarin iginden trama dokusu fazla ve
yumusak dokuya sahip olan Fomes fomentarius turi
secilmigtir.  Yenilikgi ylzey ortaya cikarabilmek igin
laboratuvar ortaminda doért ana cerceve kapsaminda
sekiz farkl deney dizenegi hazirlanarak farkh teknikler
denenmis ve en etkili ydntem belirlenmistir.

F. fomentarius tirG Tarkiye'de genellikle kayin
agaclar ve yaprak doken agagclar izerinde yetisen bir
mantar tiridir. Ulkemizde kayin agaci Karadeniz
Bdlgesi'nde bolca bulunmaktadir. Bu nedenle ¢alismanin
evrenini kayin agacinin ve yagdmurun bol bulundugu
Karadeniz Bdlgesi, 6rneklemini ise Karabuk ilinin Yenice
ilcesinde 6zellikle blok halinde kayin agaglari bulunan
Yenice ormanlarindaki mantarlar olusturmaktadir.
Toplanan mantarlarla yapilan deneysel ¢alismalar Selguk
Universitesinde bulunan Mantarcilk Uygulama ve
Arastirma Merkezi laboratuvarinda gergeklestiriimigtir.

Karadeniz Bolgesi arazi ¢alismasini baglatabilmek
icin Tarim ve Orman Bakanligi Doga Koruma ve Milli
Parklar Genel Mudirligi'nden arazi izini alinmistir. Bu
izin dogrultusunda Karabik il sinirlarindaki Yenice ilgesi
orman arazisine saha g¢alismasi icin gidilmistir. Taze ve
gen¢ mantarlar toplayabilmek igin bahar ayinda arazi
calismasi  yapilmistir.  Mantarlarin  laboratuvarda
teshisinin yapilabilmesi igin hasat dncesi dogal ortamdaki
resimleri profesyonel fotograf makinasiyla c¢ekilmistir.
Arazinin engebeli olmasi, dik yamaclara ve derin vadilere
sahip olmasi d&rneklere erisim noktasinda zorluk
olusturmustur. Bu yluzden mantarlari toplayabilmek icin
arazi ¢calismasinda, uygun buyuklUkte balta, el testeresi,
bicak ve ip kullaniimistir. Mantarlar agagtan toplandiktan
sonra her birine ayri ayri bir toplama numarasi verilerek
arazi defterine not edilmistir. Calisma arazisi ve
laboratuvar arasindaki mesafenin ¢ok olmasi nedeni ile
toplanan ornekler aliiminyum folyolara sarilarak steril
polietilen kilitli naylon torbalara konulmustur. Tagimak igin
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biylk kasa ve kutulara duzenli, zarar gérmeyecek bir
sekilde yerlestiriimistir. Kasa ve kutularin icerisine Thymol
konularak ornekler laboratuvara getirilmistir.
Laboratuvara getirilen érneklerin teshisi yapilmis ve deri
gorindmlu  yenilikgi ylzey olusturmak icin deneysel
calismalara baglanmistir.

Arastirmada kullanilan F. fomentarius turinin
teshisi yapilmasi icin taze 6rneklerden doku ve spor
Ornekleri alinarak binokiler ve 1sik mikroskobu
kullaniimigtir. Teshislerin daha iyi yapilabilmesi igin
kamerall sisteme sahip Leica EZ4D binokuler ve Leica
DM750 1sik mikroskobu kullanilarak doku, hicre,
basidium ve spor olgimleri gergeklestiriimistir. Bu
Olgimlere gb6re literatirden Orneklerin  tlr tayini
belirlenmistir (Breitenbach ve Kranzlin, 2000; Bernicchia,
2005). Teghis iglemleri biten drnekler dort farkli deneysel
¢alisma kapsaminda analiz edilmistir.

Bulgular

Arastirmada materyal olarak, trama dokusu fazla
olan “Fomes fomentarius (L.) Fr.” (Kavmantar) tiru
kullaniimigtir. Mantarin Latince bilimsel adindan sonra
parantez icerisindeki Turkge bilimsel adi 2020 yilinda
Tarkiye’deki mantarlar konusunda uzman mikologlar
tarafindan hazirlanmig “Turkiye Mantarlari Listesi” isimli
kitaptan alinmistir (Sesli vd., 2020). F. fomentarius
tirunln sistematigi asagidaki sekildedir (URL-1, 2023);

Regnum : Fungi

Divisio : Basidiomycota

Classis : Agaricomycetes

Ordo : Polyporales

Familia : Polyporaceae

Species : Fomes fomentarius (L.) Fr (Sekil 1)

F. fomentarius, ¢gogunlukla hus agacinin yani sira
kayin agaci basta olmak Uizere, sert agaclarda ve nadiren
kozalakli agaglarda, canh ve 6lu yaprak doken (Elma,
armut, kayisi, ceviz gibi) agaclarda (Sekil 2) saprofit veya
zayif bir parazit olarak yil boyu gelisen yaygin bir
mantardir (Breitenbach ve Kranzlin, 2000; Stancheva vd.,
2009). Diinya tizerinde farkli bolgelerde bu mantara kickx,
tinder braketi, toynak mantari, tinder polypore,
touchwood, punk, amadou gibi farkli isimler verilmektedir
(Stancheva vd., 2009). Fomes fomentarius agaclarda tim
yil boyunca gérulebilir ancak ilkbahar ve sonbaharda spor
olusturarak ¢ogalirlar. Bu mantarlar yenmezler ve agacin
kanseri olarak bilinirler.
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Sekil 1: Fomes fomentarius Tiiriiniin Genel Goriiniisii (URL- 1, 2023).

Sekil 2: a) S6gUt (Salix sp.) Agaci Uzerinde, b) Kavak (Populus sp.) Uzerinde, c) Kayin (Fagus sp.) Agaci Uzerinde,
d) Meyve Agaci (Malus sp.) Uzerinde Fomes fomentarius Basidiokarpi (Yasemin Koparan Kisisel Fotograf Arsivi, 2021)

F. fomentarius’un morfolojisi bakilacak olursa, ¢ok sert bir kabukla kapldir (Breitenbach ve Kranzlin, 2000).
yillk, sapsiz, toynak seklinde genis yapigik, odunsu Mantarin etli kismi sert, soluk tar¢in kahverengi,
kivamda ve hatiri sayilir boyutlara (¢aplari 30- 40 cm’ye yaslandikga koyulasir ve liflidir. Mantarin hif sistemi
ve agirliklari 2 kg'in Gzerine) ulasabilir yapilarda oldugu trimitiktir. Yani mantarin yapisinda g farkli hif yapisi
gorulir (Bernicchia, 2005). Mantarin st yluzeyi, 1-3 mm bulunur. Bunlar generatif hif, iskelet hifi, baglayici hiflerdir
kalinhginda, es merkezli olarak yivli ve zonlu soluk gri ile (Sekil 3).

gri kahverengi veya koyu, enine kesitte parlak, plrtzsuz,

Sekil 3. Fomes fomentarius Turinun Leica DM750 Isik Mikroskobu Altinda Hif Goriintisi (Yasemin Koparan Kisisel
Fotograf Arsivi, 2022)
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Gozenekler (por) mantarin geng evresinde Gozenekler yuvarlak 2-4 mm c¢apinda olup
ilk basta sarimsi, daha sonra acik kahverengimsi- mantarin i¢ dokusuna dogru tupler olusturmaktadir
griye dénusur. Disaridan bir darbe aldiginda veya (Sekil 4).

dokunuldugunda porlu kisim daha koyulagir.

._.-‘ x y : o
Sekil 4. a) Fomes fomentarius Trtinin Himenyumunun Leica EZ4D Binokiler Mikroskobu Altinda Gériintusi, b) Fomes
fomentarius Tirtinin Himenyumunun Leica DM750 Isik Mikroskobu Altinda Goruntisu (Yasemin Koparan Kisisel
Fotograf Arsivi, 2022)

Tapler, her biri 2-7 mm derinliginde, daha koyu Basidia 4 sporlu (Sekli 6-b). Cystidia yok (Jordan, 2004,
kahverengimsi katmanlar halinde ayriimiglardir (Sekil 5). s. 100; Breitenbach ve Kranzlin, 2000, s. 306). Sekillerde
Sporlar hiyalin (renksiz), purtzsiz, uzun-elipsoid veya kullanilan &lgekler milimetre (mm) ve mikrometre (um)
silindirik, amiloid olmayan, 15-20 x 4.5-7 ym (Sekil 6-a). olarak verilmeye calisiimigtir.

Sekil 5. Fomes fomentarius Turtnin Tup Goruntisu (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Fomes fomentarius

%/

X w e n
Sekil 6. a) Fomes fomentarius Turinin Leica DM750 Isik Mikroskobu Altinda Spor Goruntisi, b) Fomes
fomentarius Trinin Basidium Sekli (Yasemin Koparan Kisisel Fotograf Arsivi, 2022; Breitenbach ve Kranzlin, 2000)
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Deneysel Galigma 1: Mantarin Korteks
Tabakasindan Ayirma iglemleri

Mantarin  Korteks Tabakasini  Kesici Aletler
Yardimi ile Soyma Islemi: Mantar, bahar dénemlerinde
dogadan taze olarak toplandigi i¢in toplama isleminden
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sonraki glinlerde laboratuvarda kesici aletler (6zel dizayn
edilmis bigaklar, kigik balta, testere) yardimi ile soyma
islemine baslanmistir (Sekil 7).

Sekil 7. Mantarlarin Dogal Ortémdan Toplanmasi ve Soyma iglemine Yarayan Kesici Aletler (Yasemin Koparan Kigisel
Fotograf Arsivi, 2022)

Ancak mantar her ne kadar taze olsa da korteks
kismi kalsiyum karbonat birikmesi nedeniyle oldukca sert
bir tabakadir. Bu nedenle bir drnegin soyulma islemi
hemen hemen bir gunlik surede gerceklesmektedir.
(Sekil 8-a). Taze orneklerden gigliikle soyularak elde
edilen trama dokusu yumusak fakat esnek degildir (Sekil

8-b). Laboratuvara getirilerek dogal ortamlarindan
uzaklastiklari igin giin asiri nem kaybederek mantarlarin
korteks ve trama dokusu daha da sertlesmistir. Boylece
zaten zor soyulan drneklerin soyma islemi daha da
zorlagmis, hatta gergeklestirilememistir (Sekil 8-c).

Sekil 8. a) Fomes fomentarius’un Taze Orneklerinde Korteks Soyma islemi, b) Dogadan Taze Getirilip Elde Edilen
Yumusak Trama Dokusu c) Laboratuvarda Nem Kaybina Ugrayip Korteks Tabakasi Soyulamayan Ornekler (Yasemin
Koparan Kisisel Fotograf Arsivi, 2022)

Soyulabilen mantar o6rneklerinde ise bir diger
problem mantarin trama dokusu ile himenyum denilen por
tiplerinin birbirinden ayriimasidir. Bu iglem igin taze
soyulabilen o6rneklerde yine Kkesici aletler kullanarak
mantarin dizglin ve temiz dokulari ayrilmistir. Ancak

laboratuvarda kuruyan drneklerde tipki soyma isleminde
oldugu gibi mantarin bu iki yapisini birbirinden ayirmak
oldukgca zorlagsmistir. Himenyumdan ayrilan trama
dokularinin esnetme ve genisletme c¢alismalarinda
olumlu sonuglar elde edilememistir (Sekil 9).
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Sekil 9. Elde Edilen Sert Trama Dokusu (Yas

Mantarin  Korteks tabakasinin  Zimparalama ve
Atiklarindan Arindirma iglemi: Araziden toplanan érnekler
nem kaybetmesi nedeniyle kurumaya basglamistir.
Kuruyan bu drneklerde trama dokusu elde etmek igin
bicak ve kesici aletler is géremez hale gelmigtir. Clnku

!

emin Koparan Kisisel Fotograf Arsivi, 2022)

mantarin nem kaybetmesiyle birlikte korteks kismi da
nem kaybederek sertlesmis ve odunsu bir tabaka haline
gelmigtir. Bu nedenle korteks tabakasini trama
dokusundan ayirmak igin zimpara iglemi yapilmistir (Sekil
10).

Sekil 10. Mantarin Korteks Tabakasinin Zimparalama islemi (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Zimpara iglemi sirasinda mantarin trama dokusuna
zarar vermemek igin 6nce ylzeysel korteks tabakasi kalin
zimpara ile zimparalanmistir daha sonra tramaya
yaklastikca zimpara inceltilmigtir. Boylelikle tramanin
kadifemsi dokusu =zarar gdrmeden korteks kismi
cikarilmaya calisiimistir. Ancak mantarin dogal yasam
formunda her bahar déneminde blinyesinde bir bliylime

halkasi meydana getirdigi icin zimparalama igsleminde bu
halkanin gectigi yerler trama dokusu icerisine gémulu
halde bulunmaktadir. Bu zimparalama isleminden sonra
geriye kalan korteks pargalari ise ahsap islemeciliginde
kullanilan hassas zimparalama (Dremel 4000) aleti ile
temizlenmigstir (Sekil 11).
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Sekil 11. Sene Halkalarinin Temizlenmesi igin Kullanilan Alet (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Bdylelikle mantarin korteks kismi alinmig ancak
himenyum kismi kalmistir. Himenyum kismi ile birlikte
mantarin substrati olan ada¢ parcalari mantarin ajaca
tutundugu yerlerde de bulunmaktadir. Bu tur fazlalklari
ve mantarin gerekli olmayan himenyum kismini hizl bir
sekilde tramadan ayirabilmek i¢in marangozhanelerde
kullanilan hizar yardimi ile bu atik pargalar trama
dokusundan temizlenmeye calisilmistir (Sekil 12). Sonug

olarak fazlaliklar alinsa da tam olarak himenyum kismi
tramadan net bir sekilde ayrilmamigtir. Elde edilen trama
parcalari esnek ve yumusak olmamistir. Himenyumdan
bicaklar yardimi ile ayrilan trama dokusu istenilen
yumusaklikta ve duzlUkte olmadigi hem ust ylzeyleri hem
de alt yuzeyleri zimpara yapilmistir (Sekil 13). Ancak
yapilan bu islemler sonucunda dokuda Uretim igin
istenilen yumusaklhga ve esneklige erisilememistir.

Sekil 12. Hizar Yardimi ile Mantarin Atik Kisimlarinin Temizlenmesi (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Sekil 13. Zimpara ile Cikarilan Trama Doku Ornekleri (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)
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Deneysel GCalisma 2: Mantarin Trama Dokusu ile
Himenyum Kisminin Birbirinden Ayirma iglemi

Trama dokusunu himenyumdan ayirma isleminde
korteksi soyulmus ve soyulmamis mantar 6rnekleri ile
calisma yapilmistir. “Mantara nem kazandirilinca korteks
kismi daha kolay soyulabilir mi?” sorusunun cevabi
aranmistir. Ama buradaki asil amag¢ himenyum kisminin
trama dokusundan ayirma islemidir.
Suda Yumusatma ile Yapilan Trama-Himenyum Ayirma
islemi: Dogadan toplanip getirilen mantarlar belli bir siire
sonunda nemini kaybettikleri icin korteks, himenyum ve
trama dokulari ayrilmasi zor bir islemdir. Bu nedenle
nemini kaybetmis kuruyan mantarlar, blyik bir kova
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icerisine doldurulan saf suya daldiriimis ve 48 saat
beklemeye birakilmistir (Sekil 14-a). Mantar hicresel
Ozelligi  bakimindan  suyu dokularina  ¢ekerek
yumusamistir. Ancak soyma ve himenyumun ayriima
islemleri  beklenildigi kadar rahat bir sekilde
yapllamamigtir. Mantarin dogdal 0zelliginden dolayi
hicrelerinde bulunan nem ile sonradan su igerisine
birakip olusturulmaya calisilan nem karsilastirdiginda,
mantarin dokusal O6zelligine zarar verdigi goézlenmistir
(Sekil 14-b). Bu sekilde elde edilen dokular diisiik kalitede
olup tekstil kullanimina elverigsizdir. Bu deneme ile
mantarin dokusunun sudan uzak tutulmasi gerektigi
anlasiimistir.

Sekil 14. a) Suda Bekletilmis Mantar Ornegi, b) Suda Bekletildikten Sonra Soyularak Elde Edilmis Mantar Dokusu
(Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Su Buhar ile Yapilan Trama-Himenyum Ayirma
islemi: Direk suyla temas eden mantarin dokusunun
bozulmasi sebebiyle dodal nem ortami olusturmak igin
sicak su buhari (benmari) ile mantar hicrelerinin nem
orani artirilmigtir. 6-12-24-48 saatlik denemeler ile mantar
dokularinin  neminin istenilen  seviyelere ulasip
ulagiimadigi tespit edilmistir (Sekil 15-a). istenilen doku
yumusamasl  saglaninca mantarlar  benmariden

cikarllarak dis korteks tabakasi soyulmus ancak
himenyumdan ayriimasi yine zor olmustur. Elde edilen
dokular yumusak ve koyu renklidir. Fakat istenilen
esneklikte olmamistir. Doku esnetmesi sirasinda ise gogu
ornek elde pargalanmistir. Bu nedenle su buhari ile
yapilan denemeler sisleme igin kullanilabilecek yapida
iken, Uretim agisindan Urun elde edilmesine elverigsiz
olmustur (Sekil 15-b).

=

Sekil 15. a) Benmaride Su Buhari ile Mantarlarin Nem Oraninin Artiriimasi, b) Benmari Deneyi ile Elde Edilen Doku
Ornekleri (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)
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Deneysel Galigsma 3: Mantarin Trama Dokusunu
Yumusatma iglemleri

Saf Su ile Manyetik Karistiricida Doku Yumusatma:
Buharla yumusatilip elde edilen trama dokusu esnek
olmadid! i¢cin doku yumusatmasi islemleri yapilmigstir.
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Bunu yapabilmek igin mantar dokusu 6nce yumusak,
ahsap ve plastik tokmaklarla (Sekil 16) yavas yavas
vurularak dokunun yumusamasi istenmistir. Ancak
yuzeyde yeteri kadar yumusama ve esneme elde
edilememistir.

Sekil 16. Doku Yumusatmasinda Kullanilan Ahsap ve Plastik Tokmaklar (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

400 ml saf su (organik ve inorganik maddelerden
arindirilmig, damitilmis  su) ve sodyum karbonat
(Na2CO03) hassas terazide (Sekil 17-a) tartilarak 15 gr.
konulmus ve beher igerisine manyetik bir balik (Sekil 17-
b) da ilave edilerek kendinden isitmali manyetik
karistiricida 200 rpm’de, 90 °C sicaklikta 2 saat
karistinlmistir. Sonug olarak ilk denemede yiizey belli bir
yumusakliga kavusmasina ragmen tekstil alaninda
kullanilabilmesi igin istenilen yumusaklida erisebilmek
amaciyla manyetik karistiricida soda ile kaynatmaya
devam edilmistir. Ayni érnek ikinci kez ayni dlgllerde saf

su, sodyum karbonat konularak tekrar 2 saat, 90 °C 1sida
ve 200 rpm devirde manyetik karistiricida karistiriimistir
(Sekil 17-c). Bu islemlerin sonucunda yumusakligin ilk
denemedeki ile ayni oldugu yani degismedigi tespit
edilmistir. Ancak ikinci deneme sonucunda trama
dokusunun alt ve ust ylzeylerinde blylk oranda
deformasyonlarin  meydana geldigi ve dokunun
kullanilamaz hale déndstiga goézlemlenmistir. Ayrica
doku esnetimeye calisildiginda  yirtimalar  ve
parcalanmalar meydana gelmistir (Sekil 17-d).

a Sivilarin Homojen Sekilde Karismasini

Saglayan Manyetik Balik, ¢) Manyetik Karistiricida Hazirlanan Deney Dizeyi, d) Yapilan Uygulama Sonucunda Elde
Edilen Doku Ornegi (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Sert Dokularin Saf Suda Yumusatma Islemi:
Dogadan taze olarak getirilip soyulduktan sonra elde
edilen trama dokusunun yumusak ancak esnek olmamasi

nedeniyle bu dokularin bir kismi da saf su ile kaynatilarak

yumusatilmaya calisiimistir. Bu amagla, 1 litre saf su ile

birlikte trama dokusu bir kap igerisine konulmustur. 2 saat
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boyunca saf su icerisinde kaynayan doku ahsap masalar
yardimi ile kap igerisinden c¢ikartilmigtir. Laboratuvarda
soguma esnasinda doku kontrol edilerek yumusayip
yumusamadigi tespit edilmeye ¢alisiimistir. Ancak sonu¢
olarak mantar dokusuna direkt olarak suyun temasi
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mantar dokusunu hem sertlestirmis hem de koyu bir renk
almasina sebep olmustur (Sekil 18). Elde edilen bu doku
tekstil GrinG olarak kullanilamayacak sekilde doku
bozulmasina maruz kalmistir.

Sekil 18. Saf Suda Doku Yumusatmasi (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Yumusatmasi igin Sodyum Karbonatta Kaynatma
islemi: Sert olarak elde edilen trama dokusunun
yumusatilabilmesi icin 2 litre saf suya 50 gr. sodyum
karbonat ve mantar dokulari bir kap icerisine
yerlestirilerek ates Uzerinde kaynatiimaya birakilmistir.
Kontrolli bir sekilde 2 saat boyunca kaynamasi
saglanmistir. Kaynama iglemi bittikten sonra kap
icerisinde sodyum karbonatl suyun képUrdugu, suyun
neredeyse tamamini mantar dokusunun gektigi ve doku

Uzerinde beyaz bir tabaka olustugu goézlemlenmistir.
Ahsap masalar ile kap icerisinden c¢ikarilan mantar
dokusu laboratuvarda kurutma kagidi Uzerine c¢ikarilip
soguma esnasinda kontrol edilmistir. Sonugta mantar
dokusunun ¢ok sertlestigi ve hic esneme olmadigi
gbrulmastdr. Ayrica mantar dokusunun tamamen
bozuldugu, yiprandigi ve parcalandidi da tespit edilmistir
(Sekil 19).

Sekil 19. Sodyum Karbonatla Birlikte Doku Kaynatma islemi (Yasemin Koparan Kisisel Fotograf Argivi, 2022)

Deneysel Calisma 4: Fermantasyon Yoéntemi ile
Elde Edilen Trama Dokusu

Mantarin korteks tabakasindan ayirma iglemleri,
mantarin trama dokusu ile himenyum kisminin birbirinden
ayirma islemi ve mantarin trama dokusunu yumusatma
islemi ile ilgili yapillan tim bu deneysel calismalarin
sonuglarindan elde edilen bilgiler dogrultusunda,
yumusak bir trama dokusunun nasil elde edilecegi

hakkinda yol haritasi belirlenmistir.  Bu  bilgiler
dogrultusunda tekrar arazi calismasi yapiimistir.

Daha d6nce yapilan deneysel calismalardan elde edilen
bilgiler dogrultusunda mantarda trama dokusunu
cikarmak ve yumusatmak igin taze ve nemli mantarlarin
kullaniminin ne kadar 6énemli oldugu tespit edilmistir. Bu

142



MANTAR DERGISI/The Journal of Fungus

nedenle araziden daha gen¢ yastaki mantar 6rnekleri
toplanmigtir. Mantarlarin agacla baglantisi kesildigi
andan itibaren nemini koruyabilmesi icin her biri steril
polietilen kilitli naylon torbalara igine konularak kapali bir
kutu icinde muhafaza edilmistir. Bu islem de mantarin
fermante olmasina yol agmistir. Fermante olan mantar

Ozel yaptirilan bigaklar ile mantar soyma ve
esnetme islemleri gerceklestiriimis ve deri goérinumli
yenilikgi ylUzeyler olusturulmustur (Sekil 21). Pargalarin

Boy: 47 cm
En (genig): 17 cm
En(dar):12cm

Boy:41cm
En (genig): 21cm
En(dar): 17 cm

Boy: 40 cm
En:9cm
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daha yumusak ve taze kalmayi bagarmigtir. Bu nedenle
mantarin korteks tabakasinin ayrilmasi, trama dokusu ile
himenyum kisminin birbirinden ayrilmasi ve trama
dokusunu yumusatarak esnetme islemleri yapilabilmistir
(Sekil 20).

emin Koparan Kisisel Fotograf Arsivi, 2022)

blaylkligu mantarin  blydkligline goére degisiklik
gOstermektedir.

Boy: 38 cm
En(genis): 14cm
En (dar): 12cm

Boy:32¢cm
En (genis): 22cm
En(dar): 19cm

Sekil 21. Canta Uretimi igin Kullanilan Yenilikgi Yiizey Pargalar (Yasemin Koparan Kisisel Fotograf Arsivi, 2022)

Bes adet mantardan cikartilan farkl boyutlardaki
yenilikgi ylzeyler Sekil 21°de yer almaktadir. Mantardan
elde edilen yuzeylerin, her bodlgesi esit kalinlikta degildir.
Dogal olarak elde edilen ylzeyler homojen bir yapida
olmadigi igin pres makinasinda 150 derece sicaklikta
presten gegirilmistir. Bu baglamda pirtizslz, nispeten esit
kalinlikta yizeyler elde edilmistir. Olusturulan ylzey, suet
deri gériniimiine sahip olup, yumusak ve Uriin tasarimina
uygun estetik gériinimli dogal bir malzemedir. Uretim
acisindan kimyasallardan uzak, tamamen katkisiz bir
sekilde geligtirilen yontem ile elde edildiginden nispeten

saglamhgdi az olmakla birlikte, astar veya tela gibi
yardimci destek malzemeleri ile clizdan, ¢anta, ayakkabi
althigi gibi Grtnlerin Uretimine uygundur.

Sonug

Mantardan yenilikgi ylizey elde etmek i¢in calisma
kapsaminda dort adet deney dizenegi hazirlanmistir.
Deney dizeneklerinden ilki mantarin korteks tabakasini
bicak ve zimpara ile soyma islemleridir. Bu deneysel
surecten elde edilen bulgular sonucunda, mantarin
yapisinda kitin bulundugundan korteks tabakasinin ¢ok
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sert oldugu ve zor soyuldugu goérilmuistir. Soyma islemi
bicakla gerceklestirildiginde ¢ok fazla glice ve sireye
ihtiyac oldugu tespit edilmistir. Mantarin bir tanesini
soyma islemi bitene kadar diger toplanan mantarlarin
nemini kaybettidi gozlemlenmigtir. Nemini kaybeden
mantarin arttk soyma isleminin gerceklesemedigi
gorilmids ve bu durum mantarin nemini korumasi
gerektigi sonucunu ortaya ¢ikarmigtir. Zimpara ile soyma
isleminde ise sonucun basarili oldugu gérilmustir. Ancak
trama dokusunu elde etmek igin, mantarin sadece korteks
tabakasinin soyulmasi yeterli olmadidi igin himenyum
kismindan da ayrilmasi gerektigi tespit edilmigtir. Trama
dokusunu, himenyum kismindan ayirmak icin zimpara
yapilmaya c¢alisiimis fakat himenyum dokusunun korteks
tabakasindan farkli olmasindan kaynakli zimparalama
isleminin yapilamadigi ortaya ¢ikmistir.

ikinci deney dlzeneginde, mantarin trama
dokusunu himenyum kismindan ayirma islemleri yer
almaktadir. Bu iglem i¢in mantara su empoze edilerek ve
benmari yontemi ile nem kazandiriimaya calisiimistir.
Deneme ile elde edilen bulgular sonucunda, mantara su
empoze edilince himenyum kismindaki tlplerin hacim
kazandigi ve trama dokusunu ayirma isleminin
zorlastirdigd1 gérilmustir. Empoze edilen suyun mantarin
dokusal 6zelligine zarar verdigi, mantarin ¢trimesine yol
actigl ve elde edilen dokularin disik kalitede olup tekstil
kullanimina elverissiz oldugu tespit edilmistir. Benmari
(su buhari) yontemi ile nem kazandiriimasi sonucunda,
genel anlamda mantarin yumusadigi ancak himenyum
kisminin ayrilmasinin kolay olmadigi belirlenmigtir.
Dokunun su empoze edilen dokuya gdre daha kaliteli
oldugu g6rilmesine ragmen esneklik
kazandirlamamistir.  Esnetme  islemi  esnasinda
pargalanma gergeklestigi gorilmustir. Elde edilen
parcalarin tekstil Urinu i¢in uygun olmadigi ancak kiguk
aksesuar (cicek, arma, anahtarlik, taki vs. gibi) yapiminda
kullanilabilecegi ortaya gikmistir. Ayrica suda bekletilerek
ve benmari yontemi ile nem kazandirilan mantarin
korteks tabakasinin soyulmasinin kuru olarak soyulmaya
oranla oldukga kolay oldugu fakat yine de sonradan nem
kazandirmanin ylzey yapisi agisindan dogru olmadigi
sonucuna ulasiimistir.

Uglincli deney diizeneginde ise ilk iki deney
diizeneginde elde edilen trama dokusunu saf su, sodyum
karbonat karigimi ile manyetik karisim ve suda kaynatma
islemleri ile yumusatma, esnetme calismasi yapilmistir.
Bu islemler ile elde edilen bulgular sonucunda, trama
dokusuna esneklik ve yumusaklik kazandirmak icin
kimyasal (sodyum karbonat) konulmasinin yanls oldugu
g6zlemlenmigtir. Manyetik karistiricida ya da kaynatma
isleminde kimyasal farkli bir tepkime yaratarak dokunun
sertlesmesine ve bozulmasina yol a¢gmistir. Dokunun
kullanilamaz hale doéntstigu goéralmastir. Trama
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dokusunun sadece saf suda kaynatma sonucunda
curaduagu ve renginin koyulastidi tespit edilmistir. Ayrica
doku esnetimeye calisildiginda yirtilmalar  ve
parcalanmalar meydana gelmistir.

Dordincli deney duzeneginde ise mantari
fermente ederek trama dokusunu elde etme c¢alismasi
yapilmistir. Bu islem ile elde edilen bulgular sonucunda,
mantarin kendi neminin 6nemli olduju ve agag ile
baglantisi kesildigi andan itibaren nemini korumasi
gerektigi ortaya c¢ikmistir. Mantarin toplandidi andan
soyulma anina kadar kendi nemini koruyabilmesi icin
poset icine muhafaza edilmesi gerektigi tespit edilmistir.
Bu islem ile mantarin fermente oldugu ve bu sayede
soyulmasinin  ve esneme iglemlerinin kolaylastigi
gorulmastar.

Mantarlardan tekstil alaninda kullaniimak igin
yenilik¢i yluzey olusturmaya yonelik arastirmalarin sayisi
literatlirde oldukga azdir. Karsilastirma yapmak, var
olanin  (zerine koymak, elde edilen bulgulan
karsilastirmak adina bu alanda daha fazla yeni deneysel
arastirmalarin yapilmasi o6nerilmektedir. Dogaya ve
cevreye verilen zarari en aza indirmek i¢in yenilikgi cevre
dostu malzemelerin tasarim alanlarinda kesfedilmesi ve
kullaniimasi gerekmektedir. Dinyada ¢ok cesitli mantar
trleri bulunmaktadir. Bu nedenle 6&zellikle kullanimi
yaygin olmayan mantar turleri, strddrilebilir bir Grin ve
uretim platformu haline getirilmelidir.  Arastirma
kapsaminda kullanilan Fomes fomentarius gibi agaclarda
parazit olarak bulunan, yenmeyen, agaca zarar veren ve
katma degere bir faydasi olmayan mantarlar
arastirmalarda daha c¢ok kullaniimalidir. Bu sayede F.
fomentarius tird mantarlardan elde edilen trGnler katma
deger olusturarak hem ekonomik hem de c¢evresel
surdurdlebilirlige katki saglayabilir. F. fomentarius ve
diger mantar tdrleri éGmrind tukettigi zaman dogdasinda
bulunan biyobozunurluluk potansiyeli sayesinde dogada
¢bzinmekte ve yenilenebilir kaynaklar icinde yer
almaktadir. Bu nedenle hammadde kaynagi olarak
gelecek igin umut vaat etmektedir.

Dunya’da yenilik¢i ylizey calismalari ticari amag ile
sirketler tarafindan Uretilmekte ve Urdne
donusturdlmektedir. Ar-Ge galismalari ticari alanlarda yer
almaktadir. Bu konuda Ar-Ge ve Ur-Ge ye déniik bilimsel
aragstirma yok denecek kadar az olup gelistiriimesi
gerekmektedir.

Fomes fomentarius tlrinu elde etmek igin bolgede
bol yagdis olmasi ve turin konakgi olarak Gizerinde yetistigi
agaclarin bulunmasi gerekmektedir. Bu kosullar, her daim
mantara ulasmayr ve mantarin nitelikli olmasini
zorlastirmaktadir. Bu nedenle kiltlr ortami olusturularak,
mantarlarin kontrolli bir sekilde tesislerde yetistiriimesi
Onerilmektedir. Arastirmada F. fomentarius tlriinden elde
edilen yenilikgi ylizeyin mukavemeti diisiktir. Bu nedenle
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polisakkarit (kitosan vb.), gliserol, selliloz asetat gibi toksit
olmayan biyouyumlu kimyasallar kullanilarak elde edilen
yuzeyin mukavemeti gugclendirilerek ticari boyut
kazandirilabilir.

Yazar Katkilari
Tum yazarlar esit katkiya sahiptir.

Cikar Catismasi
Yazarlar gikar ¢atismasi olmadigini beyan ederler.

(2024)15(2)132/146

Etik Beyant:

Bu calismanin hazirlanma sirecinde bilimsel ve
etik ilkelere uyuldugu ve yararlanilan tim c¢alismalarin
kaynakcada belirtildigi beyan olunur (Yasemin
KOPARAN, Sinan ALKAN, Hatice HARMANKAYA).

Tesekkiir:

Bu calisma yazarlardan Yasemin Koparan'in
doktora tez arastirmasi olup Selguk Universitesi Bilimsel
Arastirma Proje Koordinatorliga tarafindan 21113001
proje numarasi ile desteklenmistir.

145



MANTAR DERGISI/The Journal of Fungus (2024)15(2)132/146

Kaynakga

Bernicchia A., (2005). Fungi Europaei Vol: 10 Polyporaceae. Via Ottone Primo 90. Italia.

Breitenbach, J. ve Kranzlin, F. (2000). Fungi of Switzerland, Vol:2. Verlag Mykologia CH-6000 Lucerne 9. Switzerland.

Chen, S. C., ve Hung, C. W. (2016). Elucidating The Factors Influencing The Acceptance of Green Products: An Extension
of Theory of Planned Behavior. Technological Forecasting And Social Change, 112, 155-163.

Cabuk, S., Nakiboglu, B. ve Keles, C. (2008). Tiketicilerin Yesil (Uriin) Satin Alma Davraniglarinin Sosyo-Demografik
Degiskenler Agisindan incelemesi. Cukurova Universitesi Sosyal Bilimler Enstitiisii Dergisi, 17 (1). 85- 102.

Durgun, G. ve Saribay, B. (2022). Siirdirilebilir Bir Diinya icin Uriin Pazarlama Stratejileri: Moda Sektdriinden Ornekler,
Journal of Social and Humanities Sciences Research, 9(81), 397-406.

Giddings, B., Hopwood, B., ve O'brien, G. (2002). Environment, Economy and Society: Fitting Them Together into
Sustainable Development. Sustainable Development, 10(4), 187-196.

Jones, M., Gandia, A., John, S., ve Bismarck A. (2021). Leather-Like Material Biofabrication Using Fungi, Nature
Sustainability, 4, 9-16

Kaptan, S. (1973). Bilimsel Arastirma Teknikleri, Rehber Yayinevi, Ankara.

Kuzgun, S., ve Gozlkara, E. (2023). Orgiitsel Dayaniklilik Kapasitesi, Yesil Yenilik, Algilanan Yesil Orglitsel Davranis ve
Sirdurilebilirlik Performansi Arasindaki iliskiler: iso 500 Uygulamasi. Yénetim Bilimleri Dergisi, 21(49), 399-432.

Leng, C., Wei, S. Y., Al-Abyadh, M. H. A., Halteh, K., Bauetdinov, M., Le, L. T., ve Alzoubi, H. M. (2024). An Empirical
Assessment of the Effect of Natural Resources and Financial Technologies on Sustainable Development in Resource
Abundant Developing Countries: Evidence Using MMQR Estimation. Resources Policy, 89.

Metlioglu, H. H., ve Yakin, V. (2021). Tekstilde Surdurdlebilirlik: Hizlh Moda Markalarinin Strdurdlebilirlik Stratejileri, OPUS
International Journal of Society Researches, 18 (Yénetim ve Organizasyon Ozel Sayisi), 1883-1908.

Moktadir, M. A., Rahman, T., Rahman, M. H., Ali, S. M., ve Paul, S. K. (2018). Drivers To Sustainable Manufacturing
Practices And Circular Economy: A Perspective of Leather Industries in Bangladesh. Journal of Cleaner Production,
174, 1366-1380.

Mori, K. ve Christodoulou, A. (2012). Review of Sustainability Indices and Indicators: Towards a New City Sustainability
Index (CSI). Environmental Impact Assessment Review, 32 (1), 94-106.

Ocakoglu, N. (2019). Giysi Tasarimina Yenilik¢i Yaklagimlar. The Journal Of Academic Social Science, 83(83), 539-551.

Ozcan, H., ve Ozgiil, B. (2019). Yesil Pazarlama ve Tiiketicilerin Yesil Uriin Tercihlerini Etkileyen Faktérler. Ttirkiye Mesleki
ve Sosyal Bilimler Dergisi, (1), 1-18.

Ozdemir, M. (2023). El Sanatlarinda Siirdiiriilebilirlik ve Geri Déniisiim Ornekleri. The Journal Of Academic Social Science
Studies, (141), 17-33.

Sathish, M. vd. (2016). Alternative Carrier Medium for Sustainable Leather Manufacturing—a Review and Perspective.
Journal of Cleaner Production, 112, 49-58.

Sesli, E., Asan, A., Selguk, F., Abaci Giinyar, O., Akata, |., Akgiil, H., Aktas, S., Alkan, S., Alli, H., Aydoddu, H., Berikten,
D., Demirel, K., Demirel, R., Dogan, H.H., Erdogdu, M., Ergul, C.C., Erodlu, G., Giray, G., Haliki Uztan, A., Kabaktepe,
S., Kadaifgiler, D., Kalyoncu, F., Karaltl, i., Kasik, G., Kaya, A., Keles, A., Kirbag, S., Kivang, M., Ocak, i., Okten, S.,
Ozkale, E., Oztiirk, C., Sevindik, M., Sen, B., Sen, i., Turkekul, i., Ulukapi, M., Uzun, Ya., Uzun, Yu., ve Yoltas, A.
(2020). Tiirkiye Mantarlari Listesi. istanbul: Ali Nihat Gékyigit Vakfi Yayin.

Shah, W., Zhu, N., Hao, G., Yan, H. ve Yasmeen, R. (2024). Energy Efficiency Evaluation, Technology Gap Ratio, and
Determinants of Energy Productivity Change in Developed and Developing G20 Economies: DEA Super-SBM and
MLI Approaches. Gondwana Research, 125, 70-81.

Stancheva, Y., Bencheva, S., Pavlidis, T., ve lllieva, M. (2009). Atlas of Wood Decaying Fungi. Pensoft Publisher. Sofya-
Bulgaria.

Sahin, Y., ve Odabasi, S. (2018). Sirdirilebilir Kalkinmada Moda Tasarimcisinin Rolii 'ne Yénelik Alanyazin incelemesi,
Uluslararasi Yénetim Iktisat ve Isletme Dergisi, 14(2), 413-425.

Seker, A. (2023). Turk Kudltirinde Ekoelestirel Bakisin Temel Kaynaklari ve Yasar Kemal, STAD Sanal Tiirkoloji
Arastirmalari Dergisi — Cilt 8, Sayi 2, s.51-54.

Ulucak, R. (2016). Dogal Kaynak Laneti: Avrasya Bélgesi igin Bir Uygulama, Omer Halisdemir Universitesi iktisadi ve Idari
Bilimler Fakiiltesi Dergisi, 9(4) s.85-94.

URL-1: www.indexfungorum.org/names/NamesRecord.asp?RecordID=194860 (Erisim: 28.09.2023).

URL-2: https://paulkirtley.co.uk/2011/easy-way-to-use-fomes-fomentarius-as-tinder/ (Erisim: 28.09.2023).

Yasmeen, R., Zhang, X., Sharif, A., Shah, W. U. H., ve Dinca, M. S. (2023). The Role of Wind Energy Towards Sustainable
Development in Top-16 Wind Energy Consumer Countries: Evidence from STIRPAT Model. Gondwana Research,
121, 56-71.

Yildiz, B., ve Kitahyali, D. N. (2021). Yesil Urtin Tutumunun Yesil Satin Alima Niyeti, Geri Déntisim ve Yalin Tiketim
Uzerindeki Etkisi. Bingél Universitesi iktisadi ve Idari Bilimler Fakdiltesi Dergisi, 5(1), 365-398.

146



o £ I‘ﬁ 2

}".'i'( ¥ T“ﬂ'il\ \
S

§ -%

SELCUK UNIVERSITES!

UYGULAMAVE MERKEZI

7 ‘r““

/Ja&\

1/"'
/ a
'k*“




e-ISSN 2147-6845

SELCUK UNIVERSITY MUSHROOM APPLICATION AND RESEARCH CENTER-KONYA-TURKEY

THE JOURNAL OF FUNGUS

E-JOURNAL

Issue:2

October 2024  Volume 15

ARASTIRMA MAKALELERIi / RESEARCH ARTICLES

Evaluation of Antibiofilm, Antimicrobial, Cytotoxic and

Antioxidant Effects of Some Wild Mushroom Species. .........ccouviiiiiiiiiiiiiiiiiieeie e 60
Bazi Dogal Mantar Turlerinin Antibiyofilm, Antimikrobiyal, Sitotoksik ve Antioksidan Etkilerinin Degerlendirimesi
Hakan ISIK, Ceylan HEPOKUR, Ugur TUTAR, Emine DINCER

Two New Records from Turkiye with Morphological and Molecular

Evaluations: Gymnopus aquosus and Inocybe SUDPOrOSPOIa. .........c...uueuiiiaiaiiaiiaaaiinanenn, 70
Morfolojik ve Mqlekuler Degerlendirmelerle Tiirkiye'den iki \_{eni Kayit: Gymnopus aquosus ve Inocybe subporospora
Hakan ALLI, Ismail SEN, Ezgin TIRPAN, Bekir COL

Ramaria aurea Ekstraktlarinin Anti-MRSA ve Antimikrobiyal Aktivitesinin Belirlenmesi.............. 79
Determination of Anti-MRSA and Antimicrobial Activity of Ramaria aurea Extracts

Erdogan GUNES, Sinan ALKAN

Armutlu (Yalova) Yéresinin Ekonomik Degere Sahip Makromantarlari...................coooooeiieenn. 87
Economically Valueable Mushrooms Of Armutlu (Yalova)
Selime Semra EROL, Hakan ALLI

Morphological and Molecular Identification of Sepultariella semi-immersa:
New Locality ReCord for TUIKIYE. .. .. ...t 94

Sepultariella semiimmersa 'nin Morfolojik ve Molekuler Tanimlamasi: Turkiye i¢in Yeni Lokalite Kaydi

ismail ACAR, Halide KARABIYIK, Giilgcin OZCAN ATES

Kirklareli [l’'nden Toplanan Bazi Yenen Mantarlarinin Antimikrobiyal
Aktivitelerinin BelirlenmeEsi.. ... et 103
Determination of Antimicrobial Activities of Some Edible Mushrooms Collected from Kirklareli Province

Ahmet Oguz ONAY, Erdogan GUNES

Determination of Some Fungal Spores in the Atmosphere of Igdir and Comparison with
MeteorologiCal FACIOTS. .. ... .. e e e e 110
Igdir Atmosferindeki Bazi Mantar Sporlarinin Belirlenmesi ve Meteorolojik Faktérlerle Karsilastiriimasi

Mustafa Kemal ALTUNOGLU, Baykan ATAS

Mucronella, A New Genus Record from TUrKiye..........ocouiiiiiiii e 124
Mucronella, T_Urkiye’den Yeni Bir Cins Kaydi
Faruk YESILYURT, Yakup KARADUMAN, Yasin UZUN, Abdullah KAYA

Neocucurbitaria rhamnicola: Turkiye Igin Yeni Bir Makromantar Kaydi...................c..cceeun.... 128
Neocucurbitaria rhamnicola: A New Macrofungus Record for Turkiye

Sedat KESICI, Cemil SADULLAHOGLU, Mustafa Emre AKCAY, Yusuf UZUN

Mantardan Deri Gériinimld Sardurdlebilir Yenilikgi Yiizey Olusturma; “Fomes fomentarius”.....132
Creating A Sustainable Innovative Surface With A Leather Look From Fungi: “Fomes fomentarius”

Yasemin KOPARAN, Sinan ALKAN, Hatice HARMANKAYA

- Cts Sawes e-ISSN 2147-6845
m iUt ayu E-DERGI

SELGUK UNIVERSITESI

MANTARCILIK UYGULAMA VE ARASTIRMA MERKEZI-KONYA-TURKIYE



