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Abstract: Aspergillus — a genus consisting of mold species widely distributed in the

environment. The spectrum of pulmonary diseases includes invasive aspergillosis (IA), chronic
pulmonary aspergillosis (CPA) and allergic bronchopulmonary aspergillosis (ABPA).

We report a case of invasive aspergillosis caused by Aspergillus fumigatus in a 65-year-

old patient admitted with complaints of shortness of breath, general weakness, and malaise.
Diagnosis of “probable” aspergillosis was established based on microbiological and radiological
investigations. During microbiological analysis A.fumigatus was isolated an identified based on
cultural and morphological characteristics. Despite the medical treatment, the patient’s complaints
worsened. He refused artificial lung ventilation apparatus.

Probably, chronic obstructive pulmonary disease (COPD) together with late diagnosis and

absence of appropriate treatment resulted in the development of IA and lethal outcome. CPA
develops in immunocompetent patients, suffering from tuberculosis or other diseases
accompanied by the formation of cavities in lungs. This case demonstrates the importance of
reliable and timely diagnosis of aspergillosis in order to provide patients with adequate treatment.

Taking into account difficulty of obtaining of punctate for histopathological examination and

absence of radiological signs physicians should give more attention to the probability of
aspergillosis in patients with chronic disease in order to apply adequate therapy and reduce the
number of lethal outcomes.

Key words. Aspergillus fumigatus, Invasive aspergillosis, CPA, COPD

Pulmoner Aspergilloz: Aspergillus fumigatus 'un
Etken Oldugu Invaziv Aspergilloz Vakasi

Oz:Aspergillus, kif tiirlerinden olusan ve gevrede yaygin olarak bulunan bir mantar turtdr.

Akciger hastaliklar spektrumuna invaziv aspergilloz (iA), kronik pulmoner aspergilloz (KPA) ve
alerjik bronkopulmoner aspergilloz (ABPA) gibi hastaliklar dahildir.

Nefes darligi, genel halsizlik ve rahatsizlik yakinmalari ile basvuran 65 yasindaki bir

hastada Aspergillus fumigatus'un neden oldugu invaziv aspergilloz vakasini sunuyoruz.
Mikrobiyolojik ve radyolojik arastirmalara dayanarak “olasi” aspergilloz tanisi konuldu.
Mikrobiyolojik incelemede A.fumigatus kultirel ve morfolojik 6zelliklerine gére tanimlandi. Tibbi
tedaviye ragmen hastanin durumu daha da kétilesti. Hasta mekanik ventilasyon cihazini reddetti.
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Muhtemelen, kronik obstriktif akciger hastaliginda (KOAH) ge¢ tani ve uygun tedavinin
olmamasi IA gelisimine ve letal sonluga neden olmustur. KPA, akcigerlerde kavite olusumu ile
sonuglanan tuberkiloz veya diger hastaliklara maruz kalan imminokompetan hastalarda gelisir.
Bu olgu, hastalara yeterli tedaviyi saglamak icgin aspergilloz tanisinin givenilir ve zamaninda

konulmasinin 6nemini géstermektedir.
Histopatolojik inceleme

icin  biyopsi

alinmasinin  zorlugu ve

radyolojik bulgularin

bulunmamasi g6z 6ninde bulundurularak, doktorlar yeterli tedaviyi uygulamak ve &liumcul
sonuglarin sayisini azaltmak igin kronik hastaligi olan hastalarda aspergilloz olasiligina daha

fazla dikkat etmelidir.

Anahtar kelimeler. Aspergillus fumigatus, invaziv aspergilloz, KPA, KOAH

Introduction

Aspergillus — a genus consisting of mold species
widely distributed in the environment. Despite the fact that
inhalation of mold spores is a frequent phenomenon only
in a few cases it causes pulmonary infections. Clinical
features, course, and prognosis mainly depend on
organism’s immune status. The role of genetic factors
should be taken into account as well. The spectrum of
pulmonary diseases includes invasive aspergillosis (I1A),
chronic pulmonary aspergillosis (CPA) and allergic
bronchopulmonary aspergillosis (ABPA). IA occurs in
solid organ and hematopoietic stem cell transplant
(HSCT) recipients. Insufficiency of the immune system in
these patients leads to the development of acute invasive
diseases. CPA develops in immunocompetent patients
with chronic pulmonary diseases. Tuberculosis is among
the most frequent risk factors of CPA. Other risk factors
are an atypic mycobacterial infection, sarcoidosis, chronic
obstructive pulmonary diseases (COPD), bronchiectasis,
lung cancer, ABPA, pneumothorax. The proportion of
patients with previously treated tuberculosis varies
between 15.3 and 93 %. In addition, during ABPA allergic
response to conidia entered the organism causes fungal
sensibilization (Kosmidis & Denning, 2015).

Case report

A 65-year-old man was hospitalized in the
Department of Pulmonology and Allergology of
Educational-Therapeutic Clinic of Azerbaijan Medical
University with complaints of shortness of breath, general
weakness, and malaise. According to the information
given by relatives, he had been considering himself
unhealthy for a long time and underwent stationary and
ambulatory treatment in Scientific-Research Institute of
Lung Diseases (Baku, Azerbaijan). The general condition
of the patient was severe, conscience was clear.
Objective examinations revealed pallor of the skin and
mucous membranes, fever (38,8 °C). There were no
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visible deformations of joints and bone tissue. Lymphatic
nodes were not enlarged. Heart rate— 146 bpm, blood
pressure - 90/60 mmHg. Palpation of the heart area did
not reveal any pathological pulsations and protuberances.
The boundaries of relative cardiac dullness were
widened. During auscultation cardiac sounds were
normal, the accent of Il tone was heard above aorta.
Respiratory system: RR — 28 breaths per minute. On
percussion dullness of lower lobes was observed. Blood
oxygen saturation value vas low (SPO2=52%).
Gastrointestinal tract examination: the tongue was moist,
swallowing action - painless. Stomach during palpation
was soft, liver and spleen were palpable. Defecation was
normal. Urogenital system: negative tapping symptom,
painful urination. Computed tomography of thoracic
organs showed diffuse emphysematous alterations
caused bronchiectasis accompanied by cysts of different
sizes, pleural thickening, and calcifications. Secondary
reduction of the left lung upper lobe volume and hearth
boundaries, calcified lymphatic nodes and atherosclerotic
plaques of the aorta were observed. Bone structure
examination revealed thoracal kyphosis,
osteodegenerative alterations in cervical and thoracal
vertebrae. Conclusion: massive destructive processes in
left upper lobe accompanying diffuse emphysematous
alterations in both lungs, characteristic for previous lung
tuberculosis.

Microbiological investigation

Sputum sample sent to Clinic Microbiological
Laboratory (The department of Microbiology and
Immunology) of Azerbaijan Medical University was
inoculated onto 5%-sheep blood, Eosin methylene blue
(EMB) and Sabouraud Dextrose (supplemented with
chloramphenicol) agars and incubated at 37°C and 45°C.
After 2 days of incubation growth of white velvety colonies
was observed. The colonies color changed to blue-green
with age (Fig. 1). In order to avoid contamination
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collection of sputum sample from the patient was
repeated. For morphological identification, lactophenol
cotton blue mount (LCBM) was used. Microscopic
examination revealed septate hyphae, smooth walled
conidiophores, and chains of conidia arising from a single
row of phialides located on club-shaped vesicles.
Echinulate conidia (2.5 to 3 micrometer) formed on the
upper 2/3 of the vesicle is characteristic for Aspergillus
fumigatus (Fig. 1).

The diagnosis of “probable” aspergillosis was
established based on microbiological and radiological
investigations (De Pauw et al., 2008) and voriconazole
was administered. Despite the medical treatment, the
patient's complaints of breath shortness, fatigue,
weakness, malaise worsened. He refused artificial lung
ventilation apparatus and died a day later.

Figure 1. A.fumigatus colonies on SDA medium (left) and microscopy with lactophenol cotton blue stain (right).

Discussion

Pulmonary aspergillosis has many clinic variations
including 1A, chronic necrotizing aspergillosis (CNA), CPA
and ABPA (Walsh et al., 2008). The most frequent
causing agents are 4 species: A. fumigatus, A. flavus, A.
niger and A. terreus (Steinbach et al., 2012). The main
manifestations are shortness of breath, chronic sputum
discharge, chest discomfort, fatigue, loss of weight. The
complexity of diagnosis of aspergillosis is due to
nonspecific symptoms and absence of classic risk factors.
3 levels of certainty exist regarding the diagnosis:
“proven”, “probable” and “possible” aspergillosis. The
diagnosis of “proven” IA is based on histopathological
examinations and positive culture from normally sterile
organism site. “Probable” diagnosis is based on the
presence of risk factors, clinical manifestations,
radiological signs and microbiological examination (De
Pauw et al., 2008).Clinical manifestation of aspergillosis
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depends on 2 factors: immune status of organism and
presence of concomitant disease. IA develops in
immunosupressive patients, ABPA — in atopic patients
and patients with hyperreactive immune system, CPA —
in immunocompetent patients (Maghrabi & Denning,
2017).This case demonstrates the importance of reliable
and timely diagnosis of aspergillosis in order to provide
patients with adequate treatment. According to
Betancourt et al. (2015) the diagnosis of aspergillosis is
accompanied with difficulties related to the absence of
classic radiological signs and negative results of the
microbiological analysis. Furthermore, the presence of
tuberculosis can complicate the task. The comprehensive
diagnosis was made by a histopathological diagnosis of
material obtained after surgical manipulations
(Betancourt, Garofoli, Sandhu, Boma, & Sy, 2015). In
case of IA described by Naaraayan et al. (2015) the
diagnosis of aspergillosis was made @ after


https://www.ncbi.nlm.nih.gov/pubmed/?term=Betancourt%20BY%5BAuthor%5D&cauthor=true&cauthor_uid=26153296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Naaraayan%20A%5BAuthor%5D&cauthor=true&cauthor_uid=25656673
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histopathological examination as well. The positive result from sputum can represent colonization, in particular in

of sputum cultivation was obtained only after a 13-rd day immunocompetent patients. Controversially, positive
of patient’s admission (Naaraayan, Kavian, Lederman, culture in immunosuppressed patients and recipient of
Basak, & Jesmajian, 2015). In the presented case HSCT and solid organs indicates a high probability of
differential diagnosis was made with tuberculosis. aspergillosis.

Probably, COPD together with late diagnosis and

absence of appropriate treatment resulted in the Conclusion

development of 1A and lethal outcome. CPA develops in In the represented case based on anamnesis,
immunocompetent patients, suffering from tuberculosis or clinical manifestations and radiological signs of
other diseases accompanied by the formation of cavities aspergillosis was suspected and a microbiological
in lungs (Thompson & Patterson, 2011). Radiologically it investigation was performed. Taking into account difficulty
can be represented by aspergilloma, nodules or various of obtaining of punctate for histopathological examination
thin-/thickwalled cavities. In the presented case, CT and absence of radiological signs physicians should give
results confirmed the presence of diffuse more attention to the probability of aspergillosis in
emphysematous alterations in lungs favoring the patients with chronic lung disease in order to apply
development of CPA. Around 1.2 million people in the adequate therapy and reduce the number of lethal
World have CPA as a consequence of tuberculosis outcomes.

(Denning, Pleuvry, & Cole, 2011). Isolation of pathogen
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Abstract: This study was conducted for the purpose of identifying the microfungi types
and numbers in carpets, carpet dusts and slippers in three mosques in the Edirne City and
surveying of microfungi during perform an ablution. It was isolated 78.937 CFU/g microfungi in
total during 12 months from the samples taken between the dates of October 2008 and
September 2009 from the stations. Of the microfungi 83 CFU/g were dermatophyte. It was
identified only one dermatophyte in the slippers. It was identified 24 fungal species in carpet
samples. The genus Penicilium was on the first rank with 18.553 CFU/g and 49.03 % in carpets,
followed by Trichoderma with 13.666 CFU/g and 25 %, and followed Cladosporium ranked three
with 96.666 CFU/g and 12.34 %. It was found the dermatophyte Trichophyton rubrum in the
mosques only for once (July 2009). Statistical analysis for identifying whether the fungal types
and the total microfungi concentrations are related with various meteorological factors. The
highest value in indoor carpets was isolated as 6.084 CFU/g on the October. As a result, it was
identified that the carpet dust fungus concentrations in three mosques are within the range of
healthy limit values.

Key words: Carpet dust, mosque, microfungus, dermatophyte, fungal biodiversity, Edirne

Tirkiye’de Edirne Sehrinin Ug Camisinde Hal Tozlan ve Terliklerde
Mantar Biyocgesitliligi

Oz: Bu galisma, Edirne ilindeki 3 farkli caminin hali, hali tozu ve terliklerde mikrofungus
tipleri ve sayilarinin belirlenmesi, i¢ ortam halisinda ve abdest alma esnasinda kullanilan
terliklerde dermatofit varliginin arastirilmasi amaciyla yapilmistir. istasyonlardan Ekim 2008 —
Eylul 2009 tarihleri arasinda alinan érneklerden, 12 ay slresince, toplam olarak 78937 KOB/g
mikrofungus izole edilmistir. Mikrofunguslardan 83 KOB/g'I dermatofit fungustur. Terliklerde
dermatofit tespit edilmemistir. Hali 6rneklerinde 24 fungal cins tespit edilmistir. Halida tespit
edilen mikrofunguslar arasinda ilk sirayi 18533 koloni ve % 49,03 ile Penicillium cinsi almigtir.
Bunu 13666 koloni ve % 25 ile Trichoderma cinsi, 9667 koloni ve % 12,34 ile Cladosporium
cinsi U¢lncu olarak takip etmistir. Sadece bir camide bir kez (Temmuz 2009) Trichophyton
rubrum bulunmustur. Fungal cinslerin ve toplam mikrofungus konsantrasyonlarinin c¢esitli
meteorolojik faktérlerle iligkili olup olmadigini tespit etmek igin istatistik analiz yapilmistir. i¢
ortam halisindaki en yuksek deger 2. istasyonda Ekim ayinda 6084 KOB/g izole edilmigtir.
Sonug olarak, t¢ camideki hali tozu fungus konsantrasyonlarinin saglikh sinir degerleri arasinda
oldugu tespit edilmistir.

Anahtar kelimeler: Hali tozu, cami, mikrofungus, dermatofit, fungal biyogesitlilik, Edirne.
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Introduction

All  kinds of decorative purposed covering
materials in homes, offices or schools, especially
wallpapers and carpet undersides create environments
in which the fungi can grow (Ozyaral et al., 1988). It is
known that it cumulates too much dust in the carpets in
comparison with the flat surfaces such as wooden floors
or nylon floors. Thus, the studies conducted have shown
that some carpets involve too much allergens and create
much more fungus compared to flat surfaces and air
(Beguin ve Nolard, 1999).

Environmental fungi are related with many
diseases in the humans. These diseases can be listed
as atopic allergic dermatitis, allergic rhinitis, asthma,
extrinsic allergic alveolitis, hypersensitivity pneumonitis,
sick building syndrome (SBS) and liver cancer with its
toxins such ad aflatoxin (Abdu-Wahab, 2006; EI-
Nagerabi et al., 2012).

There are convenient conditions for growing of
fungi in historical buildings, museums and libraries
(Kasprzyk, 2008). The buildings which involve high
fungus concentration are the oldest buildings and their
connection with the fungi has not been explained
completely yet (Macher, 2001). The age of the buildings
is an important factor that affect the indoor fungal spore
concentration (Sivasubramani et al., 2004).

Mosques are historical buildings which are visited
for praying and for touristic purposes. Researching the
fungal concentration in mosques’ indoor carpets can
play an important role in identifying the possible risk
which can be created by fungi and can reveal the
necessity to take precautions. Specifying the possible
microbiota in the carpets is important for protecting the
health of the visitors who come to the mosque. It is also
important to research especially the air quality of a place
as well as the carpet dust by considering the infecting
effects of microfungi. It is expected that the indoor air
guality have the most acceptable level in collective areas
of usage because of that it plays an important role in
triggering allergic reactions especially in atopic persons.
The studies on the indoor carpet-sourced microbiota in
the mosques are limited.

Muslims go mosques for praying collectively five
times in a day. They perform a practice nhamed kotow
(touching their forehead and nose, hands, knees and
foot fingers to the ground) in a part of the salaat worship.
In the study, it was tried to specify the fungal
concentration, fungal types, seasonal distribution of
fungi which can possibly be faced by the people when
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they get kotow position, and the dermatophyte factors in

the slippers used during performing ablution.

Material and Method

Sampling, fungal isolation and identification

Research materials were collected from 5 m? area
in total as 1 m? areas from the four corners and the
exact middle area with a vacuum sweeper between the
dates of October 2008-September 2009 from three
different mosques in the Edirne City.

It was used a vacuum sweeper (BEKO TT-635,
Turkey) in the practice of sampling from carpet dusts.
The vacuum sweeper dust bags was transferred to 250
ml sterile containers after sampling from the carpets.
Dust samples was weighed as 0.1 gr. and was dissolved
in a sterile peptoned water involving Tween 80. The
samples were kept in this liquid for 10 minutes, and then
vortexed and it was waited for 15 minutes for the
subsidence of dust (Macher, 2001).

It was transferred 1 ml for each liquid to 3 petri
plates for microfungi by taking with pipette among the
material and subsided dust flowing in the tube. Then, it
was added potato dextrose agar (PDA) to these three
petri plates, it was mixed by shaking 1 ml liquid and PDA
petri slightly together, and all petri plates were observed
daily. The petri plates was kept waiting in 37°C incubator
between 7 and 14 days. They transferred to 5 petri
plates by taking 1 ml liquid samples by pipette from the
tube in the same manner for dermatophytes. It was
cultivated cycloheximide added sabouraud dextrose
agar to two of these petri plates and sabouraud dextrose
agar to three of them. One petri involving cycloheximide
added sabouraud dextrose agar was incubated at 25°C
and another petri was incubated at 35°C. Two petri
plates involving sabouraud dextrose agar were
incubated at 25°C and one petri was incubated at 35°C.
All petri plates was kept waiting between 7 and 14 days.

The petri plates with colony forming unit (CFU)
were calculated and it was calculated the average of the
colonies counted from numerous petri plates in the same
dilution. The microfungi concentration in the dust sample
was expressed as CFU/g by using the formula below:

[Number of colonies in the petri (CFU) x Overall
volume (ml)] / [dilution factor (10X) x cultivated volume
(ml) x dust mass (g)] = CFU/g (Macher, 2001).

Also dematiaceous fungi isolated and did not
create spores was cultivated as spot-on from the stock
cultures in the tubes to PDA and malt extract agar
(MEA) media. These plates were left for incubation for
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seven days at 25°C by performing spot-on cultivations to
czapek agar (CA), czapek yeast autolysate agar (CYA),
czapek yeast 20 % siikroz agar (CY20S) and malt ekstrat
agar (MEA) media of the types belong to Aspergillus. It
was performed cultivation also to another petri plate
which involves CYA and it was left for fertility for seven
days (Klich, 2002).

It was used three CYA, 25 % glycerol nitrate agar
(G2sN) and MEA media for identifying the types belong
to Penicillium (Pitt et al., 2000). The samples cultivated
in CYA media was left for incubation at 5°C, 25°C and
37°C, and the samples cultivated in G2sN and MEA
media was left for incubation at 25°C for seven days. At
the end of the incubation process, it was examined the
characteristics such as colony diameter, texture, shape,
color from above and below, sporulation, zonation,
exudation, pigmentation and the existence of various
macroscopic structures of the fungal colonies in the petri
plates which involve media intrinsic to types
microscopically. It was examined the stereo microscope
and colony texture, the incidence way and the
measurements of various parts with light microscope
and the features such as peripheral characteristics and
colors. It was made naming by using algorithms defined
previously according to the specified characteristics
(Klich, 2002; Pitt et al., 2000; Pitt, 1979; Samson et al.,
2002; Booth, 1971; Nelson et al., 1983; Gerlach ve
Nirenberg, 1982; Barnett ve Hunter, 1999; Ellis, 1971;
Ellis ve Ellis, 1997; Hasenekoglu, 1991).

The isolated types belong to dermatophyte was
cultivated spot-on and they left for incubation for seven
days at 25°C. The samples which are estimated as
dermatopyhte fungus macroscopically and
microscopically were cultivated in test media for
identifying various vitamin requirements, and they were
named by using algorithms defined previously (Sutton et
al., 1998).

Characteristics of research stations

All stations are situated in the Edirne City Center.
The stations have been using for worship and visit
purposes between the hours 5:00 AM and 23:00 PM
approximately. The first and the second station are
historical buildings which have been visiting also for
touristic purposes as well as worship, while the third
station is a historical building using only for worship.

Moisture and temperature measurement

The temperature and moisture values of all
stations were measured by the help of thermometer and
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hygrometer device (TFA-Dostmann GmbH, Germany)
during sampling.

Statistical analyses

In the statistical evaluation, the relations between
the microfungi isolated as for seasons and months and
fungal concentrations and the various meteorological
factors were examined with Spearman Correlation
Analysis. It was used Mann Whitney U test in identifying
whether there is a significant difference between the
indoors environments and the outdoor environment of
the mosque. It was used Kruskal Wallis test in identifying
whether there is a significant difference between the
stations and the overall fungal numbers. P<0.05 was
accepted as the statistical significance limit value.

Results

It was isolated 78.937 microfungi CFU/g in total in
108 petri plates for fungi in carpet environment samples
for the purpose of specifying the fungal intensity in the
indoor carpets of the mosques. The distributions of the
isolated fungal colony numbers according to months and
stations were given in Table 1.

When the distributions of the isolated fungal
colony quantities according to months and stations were
examined, it was found the maximum fungal colony in
the 3rd station with 40.89 % and the minimum fungal
colony in the 1st station with 25.52 %. When the
distributions of the colony numbers according to months
were examined, it was found the maximum fungal colony
in the month of October with 19.73 %. It was observed
the minimum fungal colony on the month of May with
3.92 % (Table 1).

In the presented study, it was specified 24 fungal
genera and 58 species in the samplings from the dusts
over the carpets. In the general distribution between
microfungi belong to the indoor carpets, the Penicillium
(23.60 %) was on the first rank. The Trichoderma (17.40
%) was identified as second, the Cladosporium (12.31
%) as third, and the Alternaria (10.08 %) as fourth
frequent microfungi. The microfungi in the first four ranks
consisted 63.39 % of the overall colony quantity.

When the distributions of the isolated fungal
colony quantities according to months were examined, it
was found the maximum fungal colony in the month of
October all the year around with 19.73 %. The month of
September was on the second rank with 10.61 % and
the month of June was on the third rank with 9.32 %. It
was observed the minimum microfungus colony in the
month of May with 3.92 % (Table 2).
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Table 1. Distribution of fungal colony numbers isolated from carpet dust of the mosques between
the dates of October 2008 and September 2009 according to the months and stations (CFU/Q).

Months 1st station 2nd station 3rd station Total
October 4499 4916 6084 15499
November 1083 1333 2366 4782
December 1665 3416 2333 7414
January 999 2667 750 4416
February 917 1083 2416 4416
March 1666 1500 3666 6832
April 1667 2084 1918 5669
May 416 833 1831 3080
June 2417 2083 2833 7333
July 1667 1500 3166 6333
August 1582 1750 1500 4832
September 2416 2583 3332 8331
Total 20994 25748 32195
Total 78937 78937

Table 2. Fungal genera list the months in which they were isolated

From curpet dust (CFU/gr)

*Months (CFU/gr)

Acremonium spp. (1833)
Alternaria spp. (7914)

Apiospora sp. (83)
Arthrinium sp. (83)

Aspergillus spp. (7082)
Chaetomium spp. (1416)

Cladosporium spp. (9667)
Drechslera sp. (83)
Fusarium spp. (2083)
Gliocladium spp. (166)
Gliomastix spp. (166)
Hirsutella sp. (83)

Mucor spp. (2000)

Penicillium spp.(18532)
Pithomyces spp. (333)

Rhizopus spp. (2917)

Scopulariopsis spp. (2168)
Sordaria sp. (83)
Staphylotrichum sp. (333)
Trichoderma sp. (13666)

9(167), 6(333),10(167), 12(1166)

2(333), 3(333), 5(83), 6(167), 7(583), 8(1083),
9(1333), 10(3166), 11(83), 12(750)

5 (83)

5 (83)

1(583), 2(584), 3(666), 4(2084), 5(333), 6(583),
7(750), 9(417), 10(333), 11(666), 12(83)

1(250), 2(250), 3(250), 5(250), 6(83), 9(167),
11(83), 12(83)

2(500), 3(1000), 5(250) 6(1834), 8(333), 9(1000),
10(2667), 11(750), 12(1333)

11 (83)

6 (250), 7(1000), 9(83), 10 (500), 11(250),

4(83), 8(83)

12(83), 5(83)

6(83)

12(83), 2(167), 4(167), 6(833), 9(750)

1(2333), 2(2166), 3(3000), 4(1501), 5(1250),
6(500), 8(1000), 9(333), 10(3249), 11(1033),
12(2167)

9 (333)

10(167), 11(250), 12(250), 2(83), 3(1167),
4(167), 5(83), 6(167), 7(167), 9(416)

1(417), 4(167), 5(83), 6(834), 10(167), 11(417),
12(83)

1(83)

1(250), 2(83)

1(417), 2(83), 3(167), 4(750), 5(333), 6(583),
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Trichothecium sp. (167)
Ulocladium spp.(2333)
Verticillium sp. (83)

Sterile (5246)
Trichophyton (83)
Not identified (334)

Ekim(2020)11(2)105-113

;-(3750), 8(1583), 9(1833), 10(3333), 11(667),

12(167)

11(167)

5(83), 6(250), 8(250), 9(583), 10(167), 12(1000)
11(83)

1(83), 2(167), 3(249), 4(750), 5(83), 6(833),
8(333), 9(916), 10(1583), 11(83), 12(166)

7(83)

8(167), 11(167)

*Months: January (1) is accepted as the beginning.

Trichophyton sp. was isolated from the carpet in
the third station in the month of July once as a
dermatophyte factor (Table 2). It was not isolated any
dermatophyte type in any ablution slippers.

Discussion

The fungal concentrations accepted for carpet
environment in literature sources varies between 2x104
and 10° CFU/g (Esis, 2004). In its declaration published
on the year of 2004, Global Risk Control Service
(GRCS) emphasized that there are not any acceptable
standards about building and workplace indoor surface
contaminations, and that air and dust samples should be
evaluated together for evaluating the potential
contamination correctly (Esis, 2004). GRCS remarked
the limit value in building and workplace indoor dust
samples as 100.000 CFU/g. In the report of European
Collaborative Action (ECA), <200-500 CFU/m3® or
<20.000 CFU/g concentration in dust samples was
classified as low level (Celtik et al., 2011). As it was
stated in the study previously published, it was identified
that the fungal concentrations in the air in the same
environments do not exceed the limit values (Tikvesli et
al., 2018). In this study, it was considered that the
mosque carpet environments are in accordance with the
limit values identified by the Global Risk Control Service.

Niemeier et al. (2006) remarked that the
concentration of fungal spores can be measured from
the dust covering the floor, that between 20 and 40% of
the houses in North Europe and Canada have fungal
contamination, and that this value are much higher than
the tropical and subtropical countries (Niemeier et al.,
2006). They pointed the most widespread spores in the
dust samples as Aspergillus, Penicilium and
Cladosporium spores. In their study, Niemeier et al.
(2006) identified much more type fungus in dust samples
in comparions with the air samples when they compare
the dust samples and the air samples belong to carpets
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or floors, and that the floor dust can be a source of
indoor air fungi (Niemeier et al.,, 2006). When the
findings of the study conducted previously in the air of
the same environment (Tikvesli et al., 2018) were
compared with the findings of this study, it was identified
types and kinds in the carpet environment similar with
the air environment. Identification of common types and
kinds in carpet and air environment can be the evidence
of that the microfungi hanged in air environment fall on
the floor or they get mixed in the air environment from
the floor.

When the distributions of the fungal spore
numbers accumulated on the carpet surface in this
study, it was seen that while the maximum fungus spore
is in autumn season in which almost one third of overall
fungal load [with 28614,2 CFU/g (36,44 %)] was
identified, they isolated in close values in the following
three seasons. Chao et al. (2002) identified the
Cladosporium type as the most widespread type, and
they also identified its maximum frequency in the winter,
and then respectively in the seasons of autumn, spring
and summer. They remarked that it reaches 12.000
CFU/g the highest concentration in the month of July. It
was not seen any significant seasonal influence in
Aspergillus and Penicillium types. They identified a level
under 100 CFU/g in Fusarium all over the year (Chao et
al., 2002). In our study, it was identified the most intense
type as Trichoderma type in summer and autumn
seasons, and Penicillium type in spring and winter
seasons. Penicillium type which had been identified
most widespread all over the year was identified as
3249.9 CFU/g the highest in the month of October.

In the study conducted by Ramachandran et al.
on the year of 2005, they alleged that heat is the one
and only variable for carpet fungal concentrations. They
reached the conclusion of that heat causes decrease in
carpet fungal levels (Ramachandran et al., 2005). Chao
et al. (2002) specified in their study on carpet fungal
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concentrations that heat has a positive effect on the
fungal concentration (Chao et al., 2002). Buildings with
good isolations and covering the floor with carpets
provide conditions such as heat and moisture, and that
causes a gradual increase of fungi (Ceylan et al., 2006).
In the present study, we identified as a result of the
correlation analyses made between moisture and heat
values that there is not any relation between the fungal
numbers on indoor carpet floor and the monthly average
indoor moisture and heat.

As a result of the correlation analyses of the types
identified as widespread in carpet environment, it was
not identified any significant relation of it with moisture
and heat in the correlation analyses of Penicillium,
Aspergillus and Alternaria genera on the carpet surface.
In conclusion, it is thought in this study that only
Trichoderma and Cladosporium genera are affected
from indoor conditions. Trichoderma genera had
displayed an antagonistic situation with Penicillium and a
synergistic situation with Cladosporium. So, it is thought
in this study that Trichoderma and Cladosporium genera
display similar seasonal characteristics. In this study, it
could be observed the reproduction of Trichoderma
genera by help of PDA used during the fungal isolation
from carpet environment. Trichoderma genera was
specified on the second rank and in all months following
Penicillium. As a result, because of that it could be
succeeded to isolate Trichoderma with the method we
used in the study, the role of Trichoderma could be
presented.

The most important problem of indoor spaces is
the increased moisture (Wong et al.,, 2008). The
moisture ratios of indoors over 70 % increase the risk of
fungus formation (www.jivs.net/jivs/dosya/2003.pdf).
Because of that the fungal concentration is higher in
smaller spaces under favorable conditions, in case of
inadequate ventilation and due to human activities, the
fact that the 3rd station have all of these characteristics
can explain the excess of fungal diversity and
concentration. The section that has the minimum
microfungus concentration is the worship space of the
1st station. The reason of this can be that the indoor of
this station was good ventilated in contrast to the 3rd
station, and that the 1st station is far from contamination
affects because of the mosque floor and other sections
have been cleaning and ventilating regularly in spite of
that the station accepts many touristic visitor as well as
there are individuals who have regularly been coming for
worship.
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Aspergillus is one of the most frequently isolated
types among the dust samples (Stark et al., 2005). It is
known that these fungi have allergenic features. In our
study, Penicillium is on the first rank among the fungi
identified in carpet environment, and it was specified in
all months except the month of July. Although
Aspergillus type is on the forth rank, it was not identified
in all months except the month of August.

It has been conducted many studies in the indoor
and outdoor environments of various buildings hospitals,
schools, habitable houses, textile factories, farm houses,
piggeries, slaughterhouses and caves. It was remarked
that dusts involve too much air-sourced fungal spores
which cause hypersensitivity in humans (Awad, 2002).
However, people gather together in mosques as
crowded groups and in this study, it was tried to specify
whether the moisture of the mosques specified have a
ratio that support fungal reproduction by conducting
moisture control in those mosques. It was concluded
that moisture does not have an effect in increasing the
fungal concentration because of that it was not identified
any relation between the overall indoor fungus quantity
on carpet floor and the indoor moisture.

Carpet is an important allergenic reservoir
(Tranter et al., 2009). It was showed in the studies that
the carpets involve more allergenic (Beguin and Nolard,
1999). Old and damaged carpets may be a large
reservoir for microfungi (Roberts et al., 1999). It is quite
important to examine the air quality and the fungal
concentration in carpet dust in such places in which the
people gather together in crowded groups by
considering the infecting effects of fungi. There are
studies which show that there is strong connections
between dust and health symptoms (Niemeier et al.,
2006). Stark et al. (2005) alleged that the development
of diseases of the 5 years old children with allergenic
rhinitis and the fungal concentration (Stark et al., 2005).
They especially pointed that they have isolated
Aspergillus and then Cladosporium most widespread
from the dust samples. They identified that the fungi with
highest concentration are Aureobasidium, Aspergillus,
Alternaria, yeast and the fungi which do not form spores.
In this study, it is thought that fungi can create a
potential risk about allergenic rhinitis due to that
Penicillium, and then Trichoderma, Cladosporium ve
Alternaria genera were isolated respectively of their
frequency.

Celtik et al. (2011) have researched the fungal
concentration in floor dusts in 10 elementary schools. In
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mentioned study, they have isolated most frequently the
types of Cladosporium (30.8 %), Penicillium (25.8 %),
Alternaria (8.8 %) and Aspergillus (6.6 %). Celtik et al.
(2011) interpreted their own study as that the fungal
contamination is in low level in comparison with the ECA
report. In our study, the first four fungal genera which
are frequently isolated are Penicillium with 23.60 %,
Trichoderma with 17.40 %, Cladosporium with 12.31 %
and Alternaria with 10.08 %, and they constitute 63.39 %
of the overall colony numbers. In this study, the highest
value in indoor carpet environment was specified in the
3rd station in the month of October as 6.083 CFU/g.
When the limit values of both ECA and GRCS are taken
as a basis, it was evaluated that the fungus
concentration in the three mosques in this study are
between the healthy limit values (Hasenekoglu, 1991).

When the distributions of fungus spore
accumulated on the carpet floor according to the
stations, the maximum fungi were isolated in the third
station. The reason why there are more indoor carpet
environment fungal concentration in the third station can
be about that it has the maximum fungal concentration in
its indoor air, that it is smaller than the others, that the
ventilation is not adequate with limited number of
windows, and that all the facades of the building is
surrounded with a garden area in which there are
various plants and trees.

Dermatophytes are pathogenic fungi which cause
dermatophytosis which is also defined as tinea infections
by infecting the keratinized tissues (skin, hair and nails)
of humans and animals (Hryncewicz-Gwozdz et al.,
2011). T. rubrum is a filamentous fungus which cause 90
% of dermatophytosis in humans by affecting the
epidermis (Garcia-Madrid et al., 2011). In our study, it
was isolated only Trichophyton rubrum (83,3 CFU/g) in
the third station once only in the month of July as a
dermatophytosis factor. It could be found two literature
which research the dermatophytosis factors from the
carpet environment in the mosques which are one of the
collective life spaces. In these researches, it was applied
the single sampling method. In the study presented
here, it is thought that the follow-up by months
characteristic is also important.

Yenisehirli et al. (2012) researched
dermatophytosis factor fungi from the carpet floor
environments of 30 mosques in Tokat in worshippers.
They took 160 samples from the carpet floor and 40
samples from the people with a cotton swab. As a result
of the study, they identified 144 culture positive samples

111

Ekim(2020)11(2)105-113

in total 200 samples including 113 from carpet samples

and 31 from humans. They have isolated
Epidermophyton floccosum, Trichophyton
mentagrophytes, T. rubrum, T. tonsurans and T.

verricosum dermatophytes in carpets and humans
together. As a result, they remarked that fungus and
contaminated carpet environment and humans can be
reservoirs in terms of the contamination of these fungi
(Yenisehirli et al., 2012).

Raboobee et al. (1998) researched the
dermatophytosis factor fungi from the floor of the
ablution section and the indoor carpet environment of
eight mosques in Durban region. They also took nail and
foot skin samples from 77 people who came regularly for
worship to those mosques at least one time in a week.
As a result of the study, they identified the tinea pedis
and unguium prevalence in the people who have
infection symptoms through culture positivity or
microscopic evaluation as 85 %. They isolated the
dermatophytes in all mosque floors. They specified T.
rubrum and Candida spp. from the ablution section and
T. rubrum, T. verricosum and T. violaceum from the
carpet. In conclusion, they allege that the infected
individuals can transfer fungi to the mosque floor and
that other people can be infected from here (Raboobee
et al, 1998).

In contrast to the studies of Raboobee et al.
(1998) and Yenisehirli et al. (2012), the existence of
dermatophytosis factors were found as scarcely any
when it was followed up for 12 months in the mosque
carpets in Edirne. It was also thought that this study is
the third study in the literature with its characteristic of
conducting on mosque carpets. When it is considered
that it could be specified different findings from the first
study, it was concluded that it should be conducted more
studies on this subject (Raboobee et al. 1998;
Yenigehirli et al., 2012).

It was thought in our study that it should be
researched the dermatophyte load in the areas which
can involve other risk factors such as ablution sections
and slippers and even maybe it should be identified the
dermatophytosis ratios in individuals who use the
mosque regularly as for the society because of it was
identified that the mosque carpets do not pose an
important risk.

In our study presented here, it was identified only
one kind dermatophyte factor (Trichophyton rubrum) for
only once in the carpet dust of only one mosque station.
Identifying dermatophyte factors in the mosque carpets
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Abstract: In this study, sixty-one species of Powdery mildew (Erysiphales) in Aladaglar
and Bolkar mountains were determined. The research was carried out between 2013 and 2016.
The sixty-one species of Powdery mildew were observed from 37 family, 83 genera and 94 host
species and make a contribution to Turkish mycobiota.

Key words: Erysiphales, New records, Parasite, Turkey

Aladaglar ve Bolkar Daglari (Tiirkiye) Kiilleme Mantarlari

Oz: Bu calismada Aladaglar ve Bolkar daglarinda bulunan 61 kiilleme mantari ve
konakgilari tanimlanmigtir. Calisma 2013 ve 2016 yillari arasinda yapilmistir. 61 killeme tirt 37
familya, 83 cins ve 94 tir konakgi Uzerinde belirlenmistir ve Tlrkiye mycobiatasina katkilar

saglanmistir.

Anahtar kelimeler: Erysiphales, Yeni kayitlar, Parazit, Tirkiye

Introduction

The powdery mildews (Erysiphales) represent a
large group of common, obligate plant pathogens of
cosmopolitan distribution, usually easily recognizable by
their obvious symptoms, i.e. superficial white powdery
patches or films of the anamorphic, composed of
mycelium, conidiophores and conidia, on leaves, stems
and other plant organs. Powdery mildews are assigned to
an order and to a family of its own. The economic
importance of these fungi in phytopathology and plant
protection is enormous. Some species cause Serious
damages on a number of cultivated plants, such as
cereals, vegetables, flowers, fruit trees, ornamental
plants, etc. (Braun and Cook 2012).

According to the checklist on Turkish powdery
mildews and recent literature (Akata et. al., 2019; Akdeniz
and Sert, 2019; Kabaktepe et al., 2015, Churakov et al.,
2018), 143 species belong to 14 teleomorphic and
anamorphic genera and they were observed on 674 host
plants species within the 322 genera and 72 families.
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On the other hand, Turkey is one of the most
comprehensively explored regions of powdery mildews in
the world.

The purpose of the current study is to determine
the powdery mildews (Erysiphales) of Aladaglar and
Bolkar mountains and make a contribution to mycobiota
of Turkey.

Material and Method

Host plants were collected from Aladaglar and
Bolkar mountains (Kayseri, Nigde, Konya, Karaman,
Mersin, Adana) in Turkey between 2013 and 2016. The
Flora of Turkey (Davis, 1965-1985; Davis et al., 1988)
was the main source used for the identification of the host
specimens. Morphological observations of herbarium
specimens were conducted according to the procedure
outlined in Kabaktepe and Akata. (2019).

Herbarium samples used in this study were
deposited into Indnd University herbaria (INU).

While systematic of the fungal taxa were in
accordance with Braun (2017), and Index fungorum
(www.indexfungorum.org: accessed 1 March 2020),
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current names of the host plant taxa were confirmed
according to the plant list (www. theplantlist.org).
Identification of the fungal samples was performed
according to Braun and Cook (2012).

Results

Fungi

Ascomycota

Leotiomycetes

Erysiphales

Erysiphaceae
Blumeria graminis (DC.) Speer: On Avena barbata
Pottex ex Link (Poaceae), Adana: Akcatekir plateau, 920-
1000 m, 22.05.2014, S. Kabaktepe 7510; On Bromus
sterilis L. (Poaceae), Nigde: Camardi, Emlivalley, 1800-
1900 m, 25.06.2015, $. Kabaktepe 8122; Kayseri:
Yahyali, Kirazlibag village, 1250-1400 m, 25.09.2013, S.
Kabaktepe 7152; On Elymus hispidus (Opiz) Melderis
(Poaceae), Konya: Halkapinar, 5 km from Kayasaray to
Cakillar, 1350-1400 m, 14.07.2014, $. Kabaktepe 7565;
On Festuca cappadocica (Hack.) Markgr.-Dann.
(Poaceae), Mersin: Between Glilek to Camliyayla, Kurt
¢ukuru area, 550-600 m, 26.06.2015, S. Kabaktepe 8161;
On Hordeum bulbosum L. (Poaceae), Adana: Aladag,
600-650 m., 23.04.2014, S. Kabaktepe 7375; On Milium
effusum L. (Poaceae), Kayseri: Yahyali, Hacer forest,
Yedigoller, 2000-2100 m, 24.06.2015, $. Kabaktepe
8101; On Phleum pratense L. (Poaceae), Nigde:
Camardi, Emli valley, 1800-1900 m, 25.06.2015, $.
Kabaktepe 8120; On Secale cereale L. (Poaceae),
Kayseri; Yahyali, 3-5 km from Ulupinar to Aksu valley,
1100 m, 21.05.2014, S. Kabaktepe 7454; On Triticum
aestivum L. (Poaceae), Kayseri; Yahyali, 3-5 km from
Ulupinar to Aksu valley, 1100 m, 21.05.2014, S.
Kabaktepe 7463; Kayseri, Yahyali, 2 km from Camlica to
Ulupinar, 1050 m, 21.05.2014, $. Kabaktepe 7471;
Mersin: Toroslar, 5 km from Degdnek to Tirtar, 1400 m,
23.05.2014, $. Kabaktepe 7512.
Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe alphitoides (Griffon & Maubl.) U. Braun& S.
Takam.: On Quercus cerris L. (Fagaceae), Adana:
Aladag, 22. km from Gerdibi to Kamiglh, 980 m,
18.09.2014, S. Kabaktepe 7815; Nigde, Ulukisla, 10. km
from Kilan to Darbodaz, 1500-1550 m, 29.08.2015, S.
Kabaktepe 8284; Kayseri: Yahyali, Derebad waterfall,
1330 m, 17.09.2014, S. Kabaktepe 7778; On Quercus
coccifera L. (Fagaceae), Konya: Halkapinar, Yassikaya
village, 1460 m, 31.10.2014, S. Kabaktepe 7939; Kayseri:
Yahyali, 18. km from Kapuzbasi to Aladag, Pos jungle,
920 m, 18.09.2014, S. Kabaktepe 7795; On Quercus
infectoria Olivier (Fagaceae), Kayseri: Yahyali, Derebag
waterfall, 1350-1450 m, 29.10.2014, $. Kabaktepe 7896;
Mersin: Camliyayla, Inkdy village, 850-900 m,
31.10.2014, S. Kabaktepe 7948; Mersin: Camliyayla, 2.
km from Sebil to Cehennem River, 1100-1150 m,
01.11.2014, $. Kabaktepe 7963; Mersin: Camliyayla,
Sebil, Cehennem river, Bagdut area, 900-960 m,
01.11.2014, S. Kabaktepe 7971; Mersin: Camliyayla,
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Sinap Castle, 1100-1200 m, 26.08.2015, $. Kabaktepe
8202; On Quercus pubescens Willd. (Fagaceae), Kayseri,
Yahyali, Derebag waterfall, 1350-1450 m, 14.10.2015, $.
Kabaktepe 8338.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe aquilegiae DC.: On Ranunculus sp.
(Ranunculaceae), Nigde: Ulukigla, Emirler village, 1440-
1460 m, 19.09.2014, $. Kabaktepe 7823.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe astragali DC.: On Astragalus sp. (Fabaceae),
Kayseri: Yahyali, Derebad Derebagd waterfall, 1350-1450
m, 14.10.2015, $. Kabaktepe 8333.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe atraphaxis (Golovin) U. Braun & S. Takam.:
On Atraphaxis billardieri Jaub. & Spach (Polygonaceae),
Mersin: Camliyayla, Sebil, Cehennem River, Bagdut
area, 900-960 m, 01.11.2014, $. Kabaktepe 7974.
Distribution: China, Mongolia (Braun and Cook, 2012).
Erysiphe berberidis DC.: Berberis crataegina DC.
(Berberidaceae), Nigde: Camardi, Demirkazik, Cimbar
throat, 1600-1750 m, 30.10.2014, $. Kabaktepe 7909;
Kayseri: Yahyali, 5. km from Ulupinar to Hacer foest,
1450 m, 24.06.2015, $. Kabaktepe 8189.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe buhrii U. Braun: On Arenaria rotundifolia M.
Bieb. (Caryophyllaceae), Nigde, Camardi, Emli valley,
1900-2200 m, 16.10.2015, $. Kabaktepe 8434; On
Minuartia  juniperina  (L.) Maire & Petitm.
(Caryophyllaceae), Mersin: Camliyayla, Saydibi plateau,
1860 m, 09.10.2013, $. Kabaktepe 7355.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe caulicola (Petr.) U. Braun: On Astragalus sp.
(Fabaceae), Nigde: Ulukigla, 10 km from Kilan to
Darbogaz, 1500-1550 m, 29.08.2015, $. Kabaktepe
8283.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe coluteae (Kom.) U. Braun & S. Takam.: On
Colutea cilicica Boiss. & Balansa (Fabaceae), Konya:
Halkapinar, ivriz dam lake, 1080-1130 m, 28.08.2015, S.
Kabaktepe 8263.

Distribution: Cosmopolitan in Asia (Braun and Cook,
2012).

Erysiphe convolvuli DC.: On Convolvulus arvensis L.
(Convolvulaceae), Kayseri: 30. km from Develi to Yahyall,
1030 m, 05.10.2013, $. Kabaktepe 7258; Nigde: Ulukisla,
Emirler village, 1440-1460 m, 19.09.2014, S. Kabaktepe
7829; Konya, Halkapinar, Ivriz village, 1200-1300 m,
15.10.2015, S. Kabaktepe 8380.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe cruciferarum Opiz ex L. Junell: On Alyssum
strigosum Banks & Sol. (Brassicaceae), Adana: Aladag,
Gerdibi village, 27.09.2013, S$. Kabaktepe 7238; Kayseri,
Yahyali, 3-5 km from Ulupinar to Aksu valley, 1100 m,
21.05.2014, $. Kabaktepe 7451; Kayseri: Yahyall,
Derebag waterfall, 1400-1600 m, 23.06.2015, $.
Kabaktepe 8072; Kayseri, Yahyali, Derebag Derebag
waterfall, 1350-1450 m, 14.10.2015, S. Kabaktepe 8336.
Distribution: Cosmopolitan (Braun and Cook, 2012).



MANTAR DERGISI/The Journal of Fungus

Ekim(2020)11(2)114-120

Erysiphe flexuosa (Peck) U. Braun & S. Takam.: On
Aesculus hippocastanum L. (Sapindaceae), Kayseri:
Yahyali, Derebagd waterfall, 1330 m, 17.09.2014, S.
Kabaktepe 7775.

Distribution: Cosmopolitan in Europe, Canada, USA
(Braun and Cook, 2012).

Erysiphe geraniacearum U. Braun & Simonyan: On
Geranium tuberosum L. (Geraniaceae), Adana: Pozanti,
Horoz village, 1200-1250 m, 15.07.2014, S. Kabaktepe
7616.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe guarinonii (Briosi & Cavara) U. Braun & S.
Takam.: On Laburnum anagyroides Medik. (Fabaceae),

Konya, Halkapinar, Ivriz village, 1200-1300 m,
15.10.2015, S. Kabaktepe 8324.
Distribution: Australia, Germany, Denmark, United

Kingdom, Switzerland, Italy, Poland (Braun and Cook,
2012).

Erysiphe heraclei DC.: On Seseli libanotis Koch
(Apiaceae), Mersin: Toroslar, 3 km from Aslankdy to
Findikpinari, 20.09.2014, S. Kabaktepe 7873; Adana: 8.
km from Mansurlu to Yahyali, 1450-1500 m, 25.08.2015,
$S. Kabaktepe 8180; Kayseri, Yahyali, Derebag waterfall,
1350-1450 m, 14.10.2015, $. Kabaktepe 8337; Konya,
Halkapinar, ivriz village, 1200-1300 m, 15.10.2015, S.
Kabaktepe 8372; On Torilis arvensis (Huds.) Link
(Apiaceae), Kayseri: Yahyali, Ulupinar, 1800-2000 m,
16.07.2014, S. Kabaktepe 7637.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe knautiae Duby: On Morina persica L.
(Morinaceae), Nigde: Camardi, Demirkazik village,
Cimbar throat, 1650-1800 m, 15.07.2014, $. Kabaktepe
7587; Nigde: Camardi, Demirkazik, Cimbar throat, 1600-
1750 m, 30.10.2014, S$. Kabaktepe 7911.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe lycopsidis R.Y. Zheng & G.Q. Chen: On
Anchusa leptophylla Roem. & Schult. (Boraginaceae),
Kayseri, Yahyali, 3-5 km from Ulupinar to Aksu valley,
1100 m, 21.05.2014, $. Kabaktepe 7457; Kayseri:
Yahyali, Derebag waterfall, 1350-1450 m, 29.10.2014, S.
Kabaktepe 7893; Kayseri: Yahyali, Ulupinar, Hacer
forest, 1450 m, 24.06.2015, S. Kabaktepe 8109; Kayseri,
18. km from Develi to Yahyali, 1000-1050 m, 14.10.2015,
S. Kabaktepe 8315; On Cynoglossum montanum L.
(Boraginaceae) Mersin: Toroslar, Atlilar village, 1250 m,
27.06.2015, S. Kabaktepe 8170.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe mayorii S. Blumer: On Cirsium vulgare (Savi)
Ten. (Asteraceae), Konya, Halkapinar, ivriz village, 1200-
1300 m, 15.10.2015, $. Kabaktepe 8369.

Distribution: Cosmopolitan in Europe, Iran (Braun and
Cook, 2012).

Erysiphe necator Schwein.: On Vitis vinifera L.
(Vitaceae), Kayseri: Yahyali, Derebag waterfall, 1250 m,
05.10.2013, $. Kabaktepe 7276; Mersin: Camliyayla,
Sebil, Cehennem River, 1100-1150 m, 01.11.2014, S.
Kabaktepe 7956; Kayseri, 18 km from Develi to Yahyall,
1000-1050 m, 14.10.2015, $. Kabaktepe 8321; Konya, 3
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km from Eregli to Halkapinar, 950 m, 15.10.2015, $S.
Kabaktepe 8398.

Distribution: Cosmopolitan in Europe, Iran (Braun and
Cook, 2012).

Erysiphe pisi DC: On Consolida orientalis (J. Gay.)
Schrédinger (Fabaceae), Kayseri, Yahyali, 3-5 km from
Ulupinar to Aksu valley, 1100 m, 21.05.2014, S.
Kabaktepe 7459; Adana: Pozanti, Dagdibi village,
27.09.2013, S. Kabaktepe 7230; On Medicago x varia
Martyn (Fabaceae), Kayseri: Yahyali, Derebag waterfall,
1350-1450 m, 29.10.2014, S. Kabaktepe 7886; Kayseri:
Yahyali, Kirazlibag village, 1250-1400 m, 25.09.2013, S.
Kabaktepe 7154; Konya, 3 km from Eregli to Halkapinar,
950 m, 15.10.2015, $. Kabaktepe 8400; On Vicia cracca
L. (Fabaceae) Mersin, Camliyayla, Kadincik valley,
Kuzbagi area, 1350-1450 m, 17.10.2015, $. Kabaktepe
8479.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe platani (Howe) U. Braun & S. Takam.: On
Platanus orientalis L. (Platanaceae), Kayseri, Yahyall,
Derebag waterfall, 1270 m, 17.09.2014, $. Kabaktepe
7768; On Platanus orientalis L. (Platanaceae), Kayseri:
Yahyali, Kapuzbasi, 650-700 m, 18.09.2014, S.
Kabaktepe 7791.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe polygoni DC.: On Polygonum bistorta L.
(Polygonaceae), Kayseri: Yahyall, Kirazlibag village,
1150-1200 m, 14.10.2015, S. Kabaktepe 8357; Adana:
Pozanti, Horoz village,1300-1350 m, 15.07.2014, $.
Kabaktepe 7591; On Rumex patientia L. (Polygonaceae),
Nigde, Ulukigla, Kilan, Eskikdy area, 1680-1750 m,
29.08.2015, $. Kabaktepe 8295.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Erysiphe thesii L. Junell: On Thesium arvense Horv.
(Santalaceae), Nigde, Ulukisla,14 km from Kilan to
Darbogaz, 1600-1650 m, 29.08.2015, $. Kabaktepe
8289.

Distribution: Cosmopolitan in Europe (Braun and Cook,
2012).

Erysiphe tortilis (Wallr.) Link: On Cornus sanguinea L.
(Cornaceae), Konya: Halkapinar, ivriz dam lake, 1080-
1130 m, 28.08.2015, $. Kabaktepe 8262.

Distribution: Armenia, Georgia, Iran, Cosmopolitan in
Europe (Braun and Cook, 2012).

Erysiphe urticae (Wallr.) S. Blumer: On Urtica dioica L.
(Urticaceae), Mersin: Camliyayla, Saydibi plateau, 1800-
1880 m, 09.10.2013, S$. Kabaktepe 7356.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces biocellatus (Ehrenb.) V.P. Heluta: On
Ajuga salicifolia (L.) Schreb. (Lamiaceae), Nigde:
Camardi, Demirkazik village, Cimbar throat, 1650-1800
m, 15.07.2014, S. Kabaktepe 7580; On Nepeta nuda L.
(Lamiaceae), Konya, Halkapinar, Yassikaya village, 1850
m, 14.07.2014, S. Kabaktepe 7557.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces cichoracearum (DC.) V.P. Heluta: On
Achillea arabica Kotschy (Asteraceae), Mersin:
Camliyayla, Sebil — Cehennem River, 1400 m,
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27.06.2015, S. Kabaktepe 8162; On Crepis foetida L.
(Asteraceae), Konya: Halkapinar, 5 km from Kayasaray
to Cakillar, 1350-1400 m, 14.07.2014, $. Kabaktepe
7558b; On Inula aucheriana DC. (Asteraceae), Mersin:
Tarsus, S6gutlu village, 575 m, 08.10.2013, S. Kabaktepe
7332b; Nigde: Camardi, Demirkazik village, Cimbar,
1650-1800 m, 15.07.2014, S. Kabaktepe 7588; On
Lactuca tuberosa Jacq. (Asteraceae), Konya: Halkapinar,

Kayasaray Vvillage, 1650-1750 m, 13.07.2014, S.
Kabaktepe 7542; On Taraxacum sp. (Asteraceae),
Konya: Halkapinar, Ivriz village, 1200-1300 m,

15.10.2015, S. Kabaktepe 8397.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces cucurbitacearum (R.Y. Zheng & G.Q.
Chen) Vakal. & Kliron.: On Cucurbita pepo L.
(Cucurbitaceae), Adana: 8 km from Mansurlu to Yahyali,
1450-1500 m, 25.08.2015, $. Kabaktepe 8179; Kayseri:
6 km from Yahyali to Kirazlibag, 1250-1400 m,
14.10.2015, S. Kabaktepe 8348.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces cynoglossi (Wallr.) V.P. Heluta: On
Anchusa leptophylla Roem. & Schult. (Boraginaceae),
Konya, 18 km from Eregli to ivriz, 1100 m, 15.10.2015, S.
Kabaktepe 8364; On Cerinthe minor L. (Boraginaceae)
Konya: Halkapinar, Kayasaray village, 1650-1750 m,
13.07.2014, S. Kabaktepe 7542.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces depressus (Wallr.) V.P. Heluta: On
Arctium minus (Hill) Bernh. (Asteraceae), Adana: Pozanti,
Horoz Throat, 950-1000 m, 30.10.2014, S. Kabaktepe
7917.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces orontii (Castagne) V.P. Heluta: On
Acanthus dioscoridis L. (Acanthaceae), Konya,
Halkapinar, Kayasaray village, 1650-1750 m,
13.07.2014, S. Kabaktepe 7548; On Helianthus annuus
L. (Asteraceae), Adana: 8 km from Mansurlu to Yahyali,
1450-1500 m, 25.08.2015, S. Kabaktepe 8177.
Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces sordidus (L. Junell) V.P. Heluta: On
Plantago major L. (Plantaginaceae), Nigde: Camardi,
Demirkazik, Cimbar Throat, 1600-1750 m, 30.10.2014, S.
Kabaktepe 7906.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Golovinomyces valerianae (Jacz.) V.P. Heluta: On
Centranthus longiflorus Steven (Caprifoliaceae), Nigde:
Camardi, Demirkazik, Cimbar Throat, 1600-1750 m,

30.10.2014, $. Kabaktepe 7910; Kayseri, Yahyal,
Derebagd waterfall, 1350-1450 m, 14.10.2015, $.
Kabaktepe 8328; On Valeriana dioscoridis Sm.

(Caprifoliaceae) Adana:5 km from Pozanti to Omerli, 850
m, 20.05.2014, $. Kabaktepe 7444.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Leveillula chrozophorae U. Braun: On Chrozophora
tinctoria (L.) A. Juss. (Euphorbiaceae), Kayseri, Yahyall,
Camlica village, 1050-1100m, 16.07.2014, S. Kabaktepe
7654,

Distribution: Cosmopolitan (Braun and Cook, 2012).
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Leveillula duriaei (Lév.) U. Braun: On Phlomis pungens
Willd. (Lamiaceae), Nigde: Ulukigla, 3-4 km from
Darbogdaz to Yazigulu plateau, 1550 m, 19.09.2014, $.
Kabaktepe 7839; Konya, Halkapinar, ivriz village, 1200-
1300 m, 15.10.2015, $. Kabaktepe 8375; On Stachys
sparsipilosa R.Bhattacharjee & Hub.-Mor. (Lamiaceae),
Mersin: Camliyayla, Olukkaya village, 990 m, 22.05.2014,
S. Kabaktepe 7487; Nigde: Ulukigla, Emirler village,
1440-1460 m, 19.09.2014, $. Kabaktepe 7822; On
Teucrium chamaedrys L. (Lamiaceae), Konya,
Halkapinar, ivriz village, 1200-1300 m, 15.10.2015, S.
Kabaktepe 8388.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Leveillula geraniacearum Eliade ex U. Braun: On
Geranium tuberosum L. (Geraniaceae), Kayseri: Yahyall,
Derebag waterfall, 1350-1450 m, 29.10.2014, S.
Kabaktepe 7890.

Distribution: Bulgaria, France, Georgia, Romania, Serbia
(Braun and Cook, 2012).

Leveillula lactucarum Durrieu & Rostam: On Chondrilla
juncea L. (Asteraceae), Kayseri: 30 km from Develi to
Yahyali, 1030 m, 05.10.2013, $. Kabaktepe 7255;
Mersin: Tarsus, Gulek village, 1240 m, 08.10.2013, $.
Kabaktepe 7320; Kayseri, 18 km from Develi to Yahyali,
1000-1050 m, 14.10.2015, S. Kabaktepe 8313; Konya:
Halkapinar, ivriz village, 1200-1300 m, 15.10.2015, S.
Kabaktepe 8386; On Lactuca sativa L. (Asteraceae),
Adana, Pozanti, Karanfil mountain, 1150-1200 m,
16.10.2015, S. Kabaktepe 8453; Nigde: Ulukigla, Emirler
village, 1440-1460 m, 19.09.2014, $. Kabaktepe 7822.
Distribution: Cosmopolitan (Braun and Cook, 2012).
Leveillula lappae (Castagne) U. Braun: On Centaurea
virgata Lam. (Asteraceae), Kayseri, Yahyali, Derebag
waterfall, 1270 m, 17.09.2014, S. Kabaktepe 7770;
Camardi, Demirkazik, Yarpuz Il area, 2300-2400 m,
25.06.2015, S. Kabaktepe 8116; Nigde: Ulukigla, Emirler
village, 1440-1460 m, 19.09.2014, $. Kabaktepe 7825;
Mersin: Camliyayla, Sebil, Cehennem River, Sugati area,
1800-2000 m, 27.06.2015, $. Kabaktepe 8165; On
Cirsium arvense (L.) Scop. (Asteraceae), Nigde, Ulukisla,
15-20 km from Darbogaz to Yassikaya, 1550-1600 m,
15.10.2015, S. Kabaktepe 8422; On Crepis foetida L.
(Asteraceae), Konya, Halkapinar, ivriz village, 1200-1300
m,) 15.10.2015, S. Kabaktepe 8381.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Leveillula papilionacearum (Kom.) U. Braun: On
Astragalus sp. (Fabaceae), Konya: Halkapinar, Ivriz
village 1200-1300 m, 15.10.2015, $. Kabaktepe 8392; On
Coronilla varia L. (Fabaceae), Adana: 8 km from Aladag
to Mansurlu, 960 m, 20.05.2015, $. Kabaktepe 8046; On
Lathyrus pratensis L. (Fabaceae), Kayseri: Yahyall,
Kapuzbasi, 650-700 m, 18.09.2014, $. Kabaktepe 7790;
On Medicago sativa L. (Fabaceae), Nigde: Ulukigla,
Emirler village, 1440-1460 m, 19.09.2014, S. Kabaktepe
7821; Konya, Halkapinar, ivriz village, 1200-1300 m,
15.10.2015, S. Kabaktepe 8387; On Ononis spinosa L.
(Fabaceae), Nigde: Ulukisla, Emirler village, 1440-1460
m, 19.09.2014, S. Kabaktepe 7824; On Vicia villosa Roth
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(Fabaceae), Adana. Aladag, 600-650 m. 23.04.2014, S.
Kabaktepe 7374; Nigde: Ulukisla, Emirler village, 1440-
1460 m, 19.09.2014, S. Kabaktepe 7818; Konya, 18km
from Eregli to ivriz, 1100 m, 15.10.2015, S. Kabaktepe
8360; Konya, Halkapinar, Cakillar village, Aydos
mountain, 1350-1400 m, 15.10.2015, S. Kabaktepe 8407;
Nigde, Ulukisla, Darbodaz village, 1550-1600 m,
15.10.2015, S. Kabaktepe 8424.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Leveillula picridis (Castagne) Durrieu & Rostam: On
Centaurea kotschyi (Boiss. & Heldr.) Hayek (Asteraceae),
Nigde, Ulukisla, Darbodaz village, 1550-1600 m,
15.10.2015, $. Kabaktepe 8415; On Echinops ritro L.
(Asteraceae), Konya: Halkapinar, Yassikaya villge, 1460
m, 31.10.2014, $. Kabaktepe 7942; On Picris
hieracioides L. (Asteraceae), Nigde, Camardi, Elek
village, 27.09.2013, S. Kabaktepe 7222.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Leveillula taurica (Lév.) G. Arnaud: On Glaucium
grandiflorum Boiss. & A. Huet (Papaveraceae), Konya:
Halkapinar, Kayasaray village, 1650-1750 m,
13.07.2014, S. Kabaktepe 7543; Kayseri, Yahyall,
Derebag waterfall, 14.10.2015, S. Kabaktepe 8332; On
Papaver rhoeas L. (Papaveraceae), Adana: Pozanti,
Omerli village, 1100-1150 m, 15.07.2014, S. Kabaktepe
7601; On Peganum harmala L. (Zygophyllaceae),
Kayseri: Yahyali, Cubuklu village, 26.09.2013, $.
Kabaktepe 7179; On Scabiosa argentea L.
(Dipsecaceae), Nigde, Camardi, Emli valley, 1900-2200
m, 16.10.2015, S. Kabaktepe 8433.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Leveillula verbasci (Jacz.) Golovin: On Verbascum sp.
(Scrophulariaceae), Nigde, Ulukisla, 10 km from Kilan to
Darbogaz, 1500-1550 m, 29.08.2015, $. Kabaktepe
8286.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Neoerysiphe galeopsidis (DC.) U. Braun: On Sideritis
libanotica Labill. (Lamiaceae), Mersin: Camliyayla,
Kadincik valley, 1850-1900 m, 18.07.2014, $. Kabaktepe
7691; Marrubium vulgare L. (Lamiaceae), Nigde:
Ulukisla, Emirler village, 1440-1460 m, 19.09.2014, S.
Kabaktepe 7826; Konya, Halkapinar, ivriz village, 1200-
1300 m, 15.10.2015, $. Kabaktepe 8384; On Stachys
sparsipilosa R. Bhattacharjee & Hub.-Mor. (Lamiaceae),
Kayseri: Yahyali, Ulupinar, Yedigéller area, 1800-2000 m,
16.07.2014, S. Kabaktepe 7633.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Neoerysiphe galii (S. Blumer) U. Braun: On Galium
verum L. (Rubiaceae), Nigde, Camardi, Demirkazik
village, 1850-2000 m, 26.09.2013, $. Kabaktepe 7213;
Kayseri: Yahyali, Kayapinar plateau, 1600-1650 m,
23.06.2015, $. Kabaktepe 8081.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Phyllactinia corni H.D. Shin & M.J. Park: On Cornus
mas L. (Cornaceae), Mersin: Camliyayla, Sebil,
Cehennem River, 1100-1150 m, 01.11.2014, S.
Kabaktepe 7962.

Distribution: Cosmopolitan (Braun and Cook, 2012).
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Phyllactinia fraxini (DC.) Fuss: On Fraxinus angustifolia
Vahl (Oleaceae), Mersin: Mezitli, Tepekdy village, 1140
m, 20.09.2014, $. Kabaktepe 7883; Mersin: Camliyayla,
Sebil, Cehennem River, 1100-1150 m, 01.11.2014, S.
Kabaktepe 7961.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Phyllactinia guttata (Wallr.) Lév.: On Corylus avellana L.
(Betulaceae), Konya, 18 km from Eregli to ivriz, 1100 m,
15.10.2015, $. Kabaktepe 8365.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Phyllactinia mali (Duby) U. Braun: On Crataegus
monogyna Jacq. (Rosaceae), Kayseri: 30 km from Develi
to Yahyali, 1030 m, 05.10.2013, $. Kabaktepe 7263;
Mersin, Tarsus, Gulek throat, 1020-1100 m, 08.10.2013,
S. Kabaktepe 7322; Mersin: Tarsus, S6gutlu village, 575
m, 08.10.2013, S. Kabaktepe 7333; Adana: Aladag, 7 km
from Kokez to Gerdibi, 1020 m, 18.09.2014, S. Kabaktepe
7799.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Phyllactinia nivea (Castagne) U. Braun: On Ulmus
glabra Huds. (Ulmaceae), Kayseri: Aladaglar National
Park, Ulupinar village, 1080 m, 07.10.2013, $. Kabaktepe
7291; On Crataegus monogyna Jacg. (Rosaceae),
Kayseri: Yahyali, Derebag waterfall, 1350-1450 m,
29.10.2014, $. Kabaktepe 7888; Mersin: Camliyayla,
Sebil, Cehennem River, 1100-1150 m, 01.11.2014, S.
Kabaktepe 7960.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Phyllactinia paliuri U. Braun: On Paliurus spina-christi
P. Mill. (Rhamnaceae), Kayseri: Yahyali, Aladaglar
National Park, Ulupinar village, 900-950 m, 07.10.2013,
S. Kabaktepe 7281; Mersin: Toroslar, 4 km from Tirtar to
Aslankdy, 1350 m, 20.09.2014, $. Kabaktepe 7864;
Adana: Pozanti, Horoz throat, 950-1000 m, 30.10.2014,
S. Kabaktepe 7919.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Phyllactinia pistaciae H.D. Shin & Y.J. Choi: On Pistacia
terebinthus L. (Anacardiaceae), Adana: Pozanti, Horoz
throat, 950-1000 m, 30.10.2014, S. Kabaktepe 7923.
Distribution: Iran, Kazakhstan, Kyrgyzstan, Uzbekistan,
Turkmenistan, Greece (Braun and Cook, 2012).
Phyllactinia pyri-serotinae Sawada: On Cotoneaster
nummularia Fisch. & C.A. Mey. (Rosaceae), Kayseri:
Yahyali, Derebag waterfall, 1350-1450 m, 29.10.2014, S.
Kabaktepe 7889; Adana: Aladag, Gerdibi village, 975 m,
18.09.2014, $. Kabaktepe 7803; Kayseri: Yahyall,
Ulupinar village, Aksu valley, 1050-1100 m, 25.08.2015,
S. Kabaktepe 8187; On Crataegus monogyna Jacq.
(Rosaceae), Konya: Halkapinar, Yassikaya village, 1800-
1850 m, 29.08.2015, $. Kabaktepe 8379; Kayseri:
Yahyali, Derebag waterfall, 1350-1450 m, 29.10.2014, $.
Kabaktepe 7891; On Crataegus szovitsii Pojark., Kayseri:
Yahyali, Derebag waterfall, 1350-1450 m, 14.10.2015, $.
Kabaktepe 8341; Mersin: Tarsus, Gllek, Karbogazi,
1750-1850 m, 16.10.2015, $. Kabaktepe 8462.
Distribution: Cosmopolitan (Braun and Cook, 2012).
Podosphaera aphanis (Wallr.) U. Braun & S. Takam.:
On Alchemilla holocycla Rothm. (Rosaceae), Nigde:
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Dundarli, 1600 m, 30.10.2014, $. Kabaktepe 7895. On

Potentilla recta L. (Rosaceae), Kayseri: Yahyall,
Aladaglar National Park, Hacer forest, 1550-1600 m,
07.10.2013, $. Kabaktepe 7300.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Podosphaera dipsacacearum (Tul. & C. Tul.) U. Braun&
S. Takam.: On Scabiosa argentea L. (Dipsecaceae),
Mersin: Toroslar, 4 km from Tirtar to Aslankdy, 1350 m,
20.09.2014, S. Kabaktepe 7864.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Podosphaera ferruginea (Schitdl.) U. Braun & S.
Takam.: On Sanguisorba minor L. (Rosaceae), Mersin:
Tarsus, S6gutlu village, 575 m, 08.10.2013, S. Kabaktepe
7332; Konya, Halkapinar, Ivriz village, 1200-1300 m,
15.10.2015, $. Kabaktepe 8371.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Podosphaera fusca (Fr.) U. Braun & Shishkoff: On
Xanthium strumarium L. (Asteraceae), Mersin: Tarsus,
Soégutla village, 575 m, 08.10.2013, S. Kabaktepe 7336.
Distribution: Cosmopolitan (Braun and Cook, 2012).
Podosphaera pannosa (Wallr.) de Bary: On Prunus
domestica L. (Rosaceae), Mersin: Camliyayla, 7 km from
Fakilar to Kadincik valley, 1200-1300 m, 18.07.2014, S.
Kabaktepe 7732; On Rosa canina L. (Rosaceae), Nigde:
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Ulukisla, 3-4 km from Darbogaz to Yazigulu plateau, 1550
m, 19.09.2014, S. Kabaktepe 7843.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Podosphaera plantaginis (Castagne) U. Braun & S.
Takam.: On Plantago major L. (Plantaginaceae), Nigde:
Ulukisla, Emirler village, 1440-1460 m, 19.09.2014, $.
Kabaktepe 7835.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Podosphaera tridactyla (Wallr.) de Bary: On Ceracus
incana var. incana (Pall.) Spach (Rosaceae), Kayseri:
Yahyali, Aladaglar National Park, Hacer forest, 950-1000
m, 24.06.2015, $. Kabaktepe 8085.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Sawadaea bicornis (Wallr) Homma: On Acer
monspessulanum L. (Sapindaceae), Karaman: 2-3 km
from Ayranci to Cat, 1050-1100 m, 28.08.2015, $.
Kabaktepe 8254.

Distribution: Cosmopolitan (Braun and Cook, 2012).
Sawadaea tulasnei (Fuckel) Homma. On Acer
monspessulanum L. (Sapindaceae), Nigde: Camardi,
Demirkazik village 1850-2000 m, 26.09.2013, S.
Kabaktepe & I. Akata 7218.

Distribution: Cosmopolitan in Europe, China, Iran, Japan,
Korea, Russia (Braun and Cook, 2012).
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Figure 1. Sawadaea tulasnei on Acer monspessulanum: a., the host plant affected by the powdery mildews b.,
.chasmothecia as viewed under the light microscope c. a single ascus -d. ascospores.
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Discussions With the current study, we make a contrubion of
As a result, Sixty-one powdery mildews species of Turkey mycobiota and the number of Turkish powdery

eight genera and one family were listed. The samples mildew species are 144.

belonging to Sixty-one powdery mildews were observed

on 94 host species within the 83 genera and 37 families. Acknowledgments -This study was supported by
The species numbers of genera are as follows; TUBITAK (Project no: 1132093).

Erysiphe 24, Leveillula 9, Golovinomyces 8, Phyllactinia
8 and Podosphaera 7, Neoerysiphe 2, Sawadaea 2, and
Blumeria 1.
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Abstract: Mushrooms have been used extensively, owing to their nutritional and medicinal
value, for thousands of years. This study designed for the determine of antioxidant and
antimicrobial potential of two edible mushrooms Armillaria mellea (Vahl) P.Kumm. and
Macrolepiota procera (Scop.) Singer. Antioxidant activity was detected method by DPHH free
radical scavenging. M.procera extract had more potent free radical scavenging activity than
A.mellea extract (ICso: 0.191, 1.19 mg/mL). The concent of the components with antioxidant
properties, such as total phenols,3-caratone and lycopene were determined by
spectrophotometric methods. Finally, the antimicrobial potential was determined with a agar well
diffusion method on 14 microorganisms. A. mellea methanol extract formed against to Klebsiella
pneumaniae ATCC 13883, Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC
25923,10+1 mm inhibition zone diameter. M.procera methanol extract formed against to
Enterococcus faecalis ATCC 29212, Klebsiella pneumaniae ATCC 13883, 9+1 mm inhibition
zone diameter. This research has shown that these two edible mushrooms have potential as
natural antioxidants.

Key words: Antimicrobial activity, Antioxidant activity, Armillaria mellea, Macrolepiota
procera, Mushroom

Armillaria mellea and Macrolepiota procera Ekstrelerinin Antioksidan ve
Antimikrobiyal Etkileri

Oz: Mantarlar, binlerce yildir besin ve tibbi degerleri nedeniyle yaygin olarak
kullaniimaktadir. Bu galisma iki yenilebilir mantar olan Armillaria mellea (Vahl) P.Kumm ve
Macrolepiota procera (Scop.) antioksidan ve antimikrobiyal potansiyelinin belirlenmesi igin
tasarlanmistir Antioksidan aktivitesi DPHH serbest radikal stplirme ydntemi ile tespit edildi.
M.procera methanol ekstresi A.mellea methanol ekstresinden daha gucli serbest radikal
suplrucu aktivitesine sahiptir (ICso: 0.191, 1.19 mg/mL). Toplam fenol, B-karoten ve likopen gibi
antioksidan o6zelliklere sahip bilesenlerin konsantrasyonu spektrofotometrik yontemlerle
belirlendi. Son olarak, antimikrobiyal aktivitesi 14 mikroorganizma Uzerinde denenmis olup agar
diftizyon yontemi ile kullaniimistir. A. mellea metanol ekstrakti Klebsiella pneumaniae ATCC
13883, Bacillus subtilis ATCC 6633, Staphylococcus aureus ATCC 25923 mikroorganizmlarina
karsi 10 £ 1 mm inhibisyon zon capi olusturdu. M.procera metanol ekstresi ise Enterococcus
faecalis ATCC 29212, Klebsiella pneumaniae ATCC 13883 mikroorganizmlarina kars1 9 + 1 mm
inhibisyon zon ¢api olusturdu Bu arastirma, iki yenilebilir mantarin dodal antioksidanlar olarak
potansiyele sahip oldugunu géstermistir.

Anahtar Kelimeler: Antimikrobiyal aktivite, Antioksidan aktivite, Armillaria mellea,
Macrolepiota procera, Mantar
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Introduction

Free radicals are atoms or molecules that have one
or more unpaired electrons. Free radicals can form
homolytic and heterolytic products or redox reactions as
well as reactive oxygen species and reactive nitrogens.
Reactive oxygen species include oxygen-bearing free
radicals (Turpaev, 2002). Due to their unbalanced nature,
reactive oxygen and nitrogen species (including free
radicals) may trigger many biochemical reactions in cell.
There must be a balance between the production and
accumulation of these reagents in cells and tissues and
the inactivation of these forms in living organisms ( Son
2012; Pizzino et al. 2017). This unbalanced situation
causes oxidative stress that affects the structure of cells
membranes, lipids, proteins, lipoproteins and DNA
(Young and Woodside 2001; Droge 2002). In addition,
overproduction of free radicals can cause oxidative
damage to biomolecules, (lipids, proteins, DNA),
eventually leading to many chronic diseases such as
cancer, cardio-vascular diseases and inflammation in
humans. Oxidative stress in cells can result from either an
increase in the levels of reactive oxygen species, or a
reduction of the natural cell antioxidant capacities (Racchi
et al. 2002).

Antioxidants can be defined as molecules that can
delay or prevent oxidation of the substrate when they
encounter a low amount of oxidizable substrate (Becker
et al. 2004). In some cases, the amount of antioxidant in
cell may be insufficient for intracellular protection. In such
cases, external antioxidant supplementation will
contribute to the renovation of this balance again (Valko
et al. 2007).

In recent decades, the presence of antimicrobial
resistance in pathogenic bacteria has been one of the
most worrying human health issues. It is estimated that
antibiotic resistance causes 25,000 deaths per year in the
European Union and 700,000 deaths worldwide. In
addition, antimicrobial resistance in bacteria can cause
serious economic damage, with an estimated cost of 1.5
trillion dollars worldwide in health costs and lost
productivity (Arteaga et al. 2019).

Mushrooms are distinctive organisms which
constitute their own kingdom. Some characteristics relate
them more closely to animals than to plants. In many
ways fungi are important supporters of life on earth, as
decomposers of dead matter and nutrient recyclers. On
the other hand, benefits from edible (wild and grown)
mushrooms and truffles are widely recognized (Willis
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2018). Mushrooms have been used extensively for
medical properties for centuries (Muszynska et al. 2017).
Mushrooms contain many non-toxic and bioactive
compounds that can be used as a source in the
pharmaceutical and nutrition (Dong et al. 2006; Ji et al.
2007; Sevindik et al. 2017). They can produce a large
variety of secondary metabolities, such as steroids,
alkoloids, terpenoids, organic acids and phenolic
compounds (Kosanic et al. 2016; Bal et al.2019).
Nowadays, especially in Japan, Korea and China, various
mushroom extracts are used as potential additives in
chemotherapy and radiation treatments (Sullivan et al.
2006; Borchers et al. 2008). The mushroom’s compounds
possess anticancer and antiviral effects,
immunosuppressive, and lipid-lowering effects in the
blood (Bobek and Galbavy 2001; Nowacka et al. 2015;
Aytar and Ozmen 2020). Therefore, antimicrobial
compounds are a rich source of natural antibiotics since
they can be isolated from many mushroom species
(Yamac and Bilgili 2006; Barros et al. 2007;Sevindik et
al.2018). For example, glucans found in cell walls are
known for their immunomodulatory properties and their
secondary metabolites have been shown to be effective
against bacteria and viruses (Suzuki et al. 1990).

A. mellea is used in traditional medicine. These
species that grow naturally in our country are known as
honey mushrooms. Traditional medicine is used as a
treatment for dizziness, headache, nerve weakness,
insomnia, numbness in the arms and legs, and remittance
in elderly patients with stroke (Yang et al. 1989). In
modern pharmacology, the effects of polysaccharides
isolated from A. mellea against vertigo, aging and allergy
have also been demonstrated in many studies (Yang et
al. 2007; Lai and Ng 2013). M. procera is a kind of
saprobic fungi. It is popularly known as the parasol
mushroom (Arora et al. 2003). M. procera is a rich source
for carbohydrates (glycerol, mannitol, glucose, trehalose,
lepiotan) 15.9%, saturated acids 81.95%, unsaturated
fatty acid 19.51%, monosaturated acids 62.44%,
polysaturated acids 10.95%, palmitic acid 62.44%, dien
17.40%, oleic acid 62.44%, linoleic acid, chitin, proteins,
fiber, vitamins, minerals.(Kumari and Atri 2004;0Ouzouni
and Riganakos 2007; Falandysz et al. 2008; Yiimaz et al.
2013).

The main objectives of the current study were to
evaluate the phenolic, -Carotene and lycopene profile,
antioxidant and antimicrobial properties of A. mellea and
M. procera in Turkey (popular edible mushroom species).



MANTAR DERGISI/The Journal of Fungus

Ekim(2020)11(2)121-128

Material and Method

Mushrooms material

A. mellea and M. procera samples were collected
from Bozkir district of Konya in 2012. The mushroom
samples used in this study was identified by Dr. lilgaz
AKATA from Ankara University.

Preparation of mushroom extracts

The dried mushroom samples were extracted by
maceration in 1:4 (w/v) biomass /solvent ratio with
methanol for 2 weeks at room temperature in a dark
environment. The obtained methanolic extracts were
filtered through filter paper. After filtration the solvent was
evaporated in a rotary evaporator (Heidolph, Germany) at
50 °C under reduced pressure and the solid extracts were
stored at +4°C until further use.

Determination of total phenolic content

Total phenolic of each mushroom extract was
guantified according to the method of Folin-Ciocalteu
(Siddhuraju and Becker, 2003) using gallic acid as
standard. Briefly, 0.1 mL of extracts (1 mg/mL) were
mixed with 0.2 mL of diluted Folin-Ciocalteu reagent (1:1
with water). After incubation at room temperature for 3
min,1 mL 2% sodium carbonate was added to the
reaction mixture. The absorbance was read at 760 nm by
spectrophotometer after 1 h of incubation at room
temperature in the dark. The total phenolic concent
values are expressed as gallic equivalent (GAE) in
milligrams per gram of dried extract (mg GAE/g). All
measurements were performed in triplicate.

Determination of B-carotene and

content

B-Carotene and lycopene content of the extracts
were determined according to the method described by
(Nagata and Yamashita,1992) with slight modification.
Briefly, dried samples (100 mg) were mixed with
acetone/hexane (4:6, v/v). After incubation for 1 min. The
absorbance of the supernatants was read at 453, 505,
645 and 663 nm by spectrophotometer. Contents of [3-
carotene and lycopene were calculated according to the
following equation:

Lycopene (mg/100 ml) = —0.0458 Aesz + 0.372
Asos — 0.0806 Aass; B-carotene (mg/100 ml) = 0.216 Aess
—0.304 Asos + 0.452 Auss.

1-Diphenyl-2-picrylhydrazyl

scavenging activity

The free radical scavenging capacity of the extracts
were analyzed according to the method described by
(Braca et al. 2001) with slight modifications. Briefly,0.5 mL
extracts with different concentrations were mixed with a
methanolic solution of DPPH radical (0.1mM) freshly

lycopene

(DPPH)  radical
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prepared. After incubation for 30 min at room temperature
in the dark, absorbance was read at was added to
extracts solutions at 517 nm by spectrophotometer
(Shimadzu UV-1800,Japan) against a blank (extract
only). Same procedure with a solution without the extract
was applied as a control group. Butylated hydroxytoluene
(BHT) was used as a reference standard. The percentage
of DPPH radical scavenging effect was calculated
according to the following equation:

DPHH scavenging activity (%inhibation)= [(Acontrol-
Asample)/Aconrtol]X100, where Aconrtol is the absorbance of
the control and Asample is the absorbance of the reaction
mixture or standard. A curve of extract concentration
versus %inhibation was created to determine the
concentration of the extract needed to cause a %50
decrease of the beginning DPHH concentration. This
value calculated by linear regression analysis is known as
a ICso.

Antimicrobial activity

The antimicrobial activities of mushroom extracts
were determined by agar well method and evaluated
against bacterial strains on Staphylococcus aureus ATCC
25923, Bacillus cereus NRRL B-3711, Bacillus subtilis
ATCC 6633, Escherichia coli ATCC 35218, Escherichia
coli ATCC 25922, Enterococcus faecalis ATCC 29212,
Enterococcus hirae ATCC 9790, Klebsiella pneumaniae
ATCC 13883, Pseudomonas aeruginosa ATCC 27853,
Proteus vulgaris RSKK 96029, Salmonella typhimurium
ATCC 14028 and fungal strains Candida tropicalis Y-
12968, Candida albicans ATCC 10231, Candida krusei
ATCC 6258. For comparison ampicillin and
chloramphenicol were used a standard antibiotics.

In the agar well method, bacterial strains were
allowed to incubate at 37 ° C for 24 hours in Nutrient Agar
medium and yeast strains were incubated for 48 hours at
30 ° C in Malt Extract Agar medium. The post-incubation
microorganisms were adjusted to 0.5 McFarland blur.
Muller — Hinton Agar (for bacterial strains) and Malt
Extract Agar (for yeast strains) were spread on a petri with
a 1% suspension of microorganism suspension. With the
punch, 6 mm in diameter wells are opened at specific
points of the medium. The opened wells were placed in a
volume of 50 pL from mushroom extracts at a
concentration of 150 mg/mL and left to incubate. The
diameter of the inhibition zones formed after incubation is
measured in mm. Chloramphenicol, ampicillin were used
for antimicrobial activity.



MANTAR DERGISI/The Journal of Fungus

Ekim(2020)11(2)121-128

Results

Determination of total phenolic content

The total phenolic contents of the methanolic
extracts of mushrooms, evaluated by Folin-Ciocalteu
method, are shown in Table 1. As a shown in table, the
mushrooms A. mellea and M. procera presented phenolic
contents with 20.87 + 0.88 and 36.25+0.35 mg GAE/g
extract, respectively.

Determination of B-carotene and lycopene

content

The B-carotene and lycopene content of A. mellea
and M. procera methanol extracts are shown in Table 1.
As a shown in table, the mushrooms A. mellea and M.
procera demonstrated B-carotene contents with 0.032 +
0.04 and 0.091 + 0.09 pg/mL, respectively. The content
of lycopene was lower than the concentration of [3-
carotene in the mushrooms studied. The mushrooms A.
mellea and M. procera content of lycopene were found
0.011 £ 0.02 and 0.059 + 0.02 pg/mL, respectively.

Determination of DPPH radical scavenging

activity

The scavenging DPPH radicals of the studied
methanol extracts are indicated in Table 2. As a shown in

table, the free radical scavenging activity of the
mushroom extracts was evaluated by DPPH assay
comparing the ICso value of synthetic chemical BHT,
which was 0.096 + 0.005 mg/mL. M. procera methanol
extract revealed the best antioxidant properties ( ICso
0.191 + 0.07 mg/mL).A.mellea methanol extract exhibited
the lowest ICs0 1.19 + 0.03 mg/mL.

Antimicrobial activity

Antimicrobial activities of the mushrooms extract
against the test microorganisms is shown in Table 3. A.
mellea methanol extract formed against to K.pneumaniae
ATCC 13883, B.subtilis ATCC 6633, S. aureus ATCC
25923,10+1 mm inhibition zone diameter. M.procera
methanol extract formed against to E. faecalis ATCC
29212, K.pneumaniae ATCC 13883, 9+1 mm inhibition
zone diameter.

The antimicrobial activity was compared with the
standard antibiotics, ampicillin and chloramphenicol. The
results showed that standard antibiotics had stronger
activity than tested samples as shown in Table 3. In a
negative control, DMSO had no inhibitory effect on the
tested organisms.

Tablel. Total phenolic contents of the MeOH extracts as mg GAE g-'and B-Carotene and lycopene content.

Sample Total phenolic B -Carotene Lycopene
content (ug/mL) (ug/mL)
(mg GAE/g extract)

A.mellea 20.87+0.88 0.032+0.04 0.011+0.02

M.procera 36.25+0.35 0.091+0.09 0.059+0.02

Values epresent the mean with the error bars representing standard deviation, n = 3.

Table 2. DPPH radical scavenging activities of the extracts. Scavenging activity is expressed as ICso (ug/mL) £ SD (n=3)

Sample

ICs0 (Mg/mL)

A.mellea
M.procera
BHT
Table 3. Antimicrobial activity results (zone diameter / mm)

1.19+0.03
0.191+0.07
0.09647+0.005

Test microorganisms A.mellea M.procera Amphicillin Chloramphenicol
E. faecalis ATCC 29212 90 2720 200
K. pneumaniae ATCC 10+ 1 940 ) 3141

13883
B. subtilis ATCC 6633 10+ 1

S. aureus ATCC 25923 10+ 1

- 23+1 210
- 44+1 24+0
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Discussions

Metabolic syndromes affect people of all age
groups. Natural compounds are noteworthy because
chemical compounds are perceived to be incompatible
with the human body. Therefore, the search for new and
natural bioactive compounds has been become of great
interest (Asatiani et al. 2018). In this study, the antioxidant
and antimicrobial activity of methanolic extracts of
mushrooms A. mellea and M. procera have been
evaluated.

The antioxidant activity of mushrooms increased
with the increased in the concentration of samples, higher
the antioxidant property lower the ICso values. A lower
ICso values means better radical scavenging activity
(Abdelaaty et al. 2015). The scavenging DPPH radicals
of the studied methanol extracts are indicated in Table 2.
M.procera extract had more potent free radical
scavenging activity (ICso: 0.191 mg/mL) than A.mellea
extract (ICs0:1.19 mg/mL). In previous studies, the
antioxidant activities of A.mellea and M.procera extracts
have been reported. In the study of Akata et al. 2012,
found that the DPPH radical scavenging effect methanolic
extract of A. mellea ICso: 4.51 mg/mL. In another study
Strapac et al. 2016 reported that the DPPH radical
scavenging effect methanolic extract of A. mellea ICso:
6.44 mg/mL. Lung and Chang 2011, Popescu et al. 2016
demonstrated the DPPH radical scavenging effect
methanolic extract of A. mellea ICso 7.83, 4.03 mg/mL,
respectively. In addition, Lung and Chang 2011,
investigated that dried mycelia and mycelia-free broths
obtained by A. mellea submerged cultures are extracted
with methanol and hot water and investigated for
antioxidant properties. Methanolic extracts from dried
mycelia and mycelia-free broth and hot water extracts
from dried mycelia by A. mellea submerged cultures show
good antioxidant properties as evidenced by low ICso
values (<10 mg/mL). In a anathor study of Kalyonu et al.
2010, found that the DPHH radical inhibition value
ethanolic extract mycelia of A.mellea %2.85 (extract
1mg/mL). On the other hand, similar studies of M. procera
conducted previously. In the study of Akata and Zengin
2019, found that the DPPH radical scavenging effect
methanolic extract of M. procera ICso 14.73 + 0.55
mg/mL. In another study Kosanic et al. 2016, raported
that methanolic extract M. procera ICso: 0.311 = 0.3
mg/mL. It was also Fernandes et al. 2013, reported that
different extraction methods in the dry, fresh, freeze and
irradiated methanol extracts of M. procera were 2.7, 4.9,
3.7, 7.9 mg/mL, respectively. The differences observed in
this studys could be due to the growing conditions and the
extraction method. This current study also indicated that
A.mellea and M.procera extract possesses DPPH free
radical scavenging activity which has demonstrated the
antioxidant potential of the studied mushrooms.

Phenolic compounds are aromatic hydroxylated
compounds with one or more aromatic rings and one or
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more hydroxyl groups. They include phenolic acids,

flavonoids, hydroxybenzoic acids, hydroxycinnamic
acids, lignans, tannins, stilbenes and oxidized
polyphenols. Furthermore, some of them stimulate

synthesis of endogenous antioxidant molecules in the cell
(Shanchez 2017). The total phenolic contents of the
methanolic extracts of mushrooms, evaluated by Folin-
Ciocalteu method, are shown in Table 1. The mushrooms
A. mellea and M. procera presented phenolic contents
with 20.87 + 0.88 and 36.25+0.35 mg GAE/g extract,
respectively. The results suggest that most of the
phenolic compounds in M. procera. Phenolic content in
extracs of A.mellea was reported before as having 21.68
mg GAE/g (Zavastin et al. 2015), and this value is very
similar to what we obtained in this study (20.87 mg
GAE/g). On the other hand, Sarikurkcu et al. 2015
reported that total phenolic content of 2.56, 4.24 mg
GAE/g for methanol and water extract of M.procera from
Turkey. Hussein et al. 2015 found that a phenolic content
of 136 mg GAE/g for M.procera from Tanzania. The
differences observed in this studys could be due to the
growing regions.

B-carotene is a light yellow or orange pigment and
the precursor of vitamin A. Antioxidant B-carotene
prevents oxidation of unsaturated fats and the formation
of free radicals. Carotenoids have been reported to act as
radical scavengers due to the extensive system of
conjugated double bonds in their molecule, and pB-
carotene is an excellent scavenger of singlet oxygen
(Heinonen et al. 1994). Lycopene, which is an important
derivative of carotenoids, is the most powerful antioxidant
and has more radical aggregation activity (Kelkel et al.
2011). In this study, the amount of B-carotene and
lycopene were considerably different among two studied
samples (Table 1). Similar results also reported by Lung
and Chang 2011;Strapac et al. 2016; Vishwakarma et al.
2016.

The antimicrobial activities of mushroom extracts
were determined by agar well method. Antimicrobial
activities of the mushrooms extract against the test
microorganisms are shown in Table 3. A. mellea
methanol extract formed against to K.pneumaniae ATCC
13883, B.subtilis ATCC 6633, S. aureus ATCC
25923,10+1 mm inhibition zone diameter. M.procera
methanol extract formed against to E. faecalis ATCC
29212, K.pneumaniae ATCC 13883, 9+1 mm inhibition
zone diameter. Similar to our results, numerous
researchers found antimicrobial activity for A. mellea and
M. procera. (Yamac and Bilgili 2006; Barranco et al.2010;
Kalyoncu et al.2010; Kosanic et al. 2016). In this study,
methanol extract of tested mushrooms exhibited a same
antimicrobial effect than previously reported for other
studies.

As a result, A. mellea and M. procera have high
antioxidant activity at low concentrations of methanol
extracts. However, both mushroom have low
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Abstract: The aim of this study was to determine and elaborate the mineral contents and
the some highly toxic elements of wild grown-edible mushrooms. The potassium (K), magnesium
(Mg), calcium (Ca), manganese (Mn), iron (Fe), zinc (Zn), copper (Cu), nickel (Ni), cadmium (Cd)
and lead (Pb) contents of twenty edible mushrooms, collected from Giimushane province, Turkey,
were analyzed. The studied mushrooms varied widely in their content of both essential and toxic
deleterious elements. The minimum and maximum mineral contents of mushrooms were
determined as mg/kg dw for K (4170-15747), Mg (295-2095), Ca (100-2778), Mn (3.82-170.25),
Fe (50.25-1121.53), Zn (22.99-91.76), Cu (5.89-135.35), Ni (1.05-6.07), Cd (0.06-7.29) and Pb
(0.02-32.31) were determined. The potassium content was found to be higher than those of the
other minerals in all the mushrooms. Lead and cadmium were present but at concentrations that
are not hazardous to human health except for Armillaria ostoyae. The K, Mg, Ca, Mn, Fe, and Ni
concentrations were determined to be high in Agrocybe dura.

Key words: Minerals, Toxic element, Wild edible mushrooms

Yabani Biyliyen Bazi Yenilebilir Mantarlarin
Element Bilesiminin Belirlenmesi

Oz: Bu galismanin amaci, yabani yetismis mantarlarin mineral igerigini ve bazi yiksek
derecede toksik elementlerini belirlemek ve detaylandirmaktir. Gimuishane ilinden toplanan yirmi
yenilebilir mantarin Potasyum (K), magnezyum (Mg), kalsiyum (Ca), manganez (Mn), demir (Fe),
cinko (Zn), bakir (Cu), nikel (Ni), kadmiyum (Cd) ve kursun (Pb) igerigi analiz edilmistir. Incelenen
mantarlarda, hem yararli hem de toksik elementler cok genis aralikta degisiyordu. Mantarlarin
minimum ve maksimum mineral icerikleri, K (4170-15747), Mg (295-2095), Ca (100-2778), Mn
(3.82-170.25), Fe (50.25-1121.53) i¢in mg/ g kurumadde olarak belirlendi. Orneklerde Zn (22.99-
91.76), Cu (5.89-135.35), Ni (1.05-6.07), Cd (0.06-7.29) ve Pb (0.02-30.46 mg/kg kurumadde)
araliginda belirlendi. Potasyum igeriginin, tim mantarlarda diger minerallerden daha yiksek
oldugu bulunmustur. Mantarlarda kursun ve kadmiyum Armillaria ostoyae disindaki mantarlarda
insan sagligi icin tehlikeli olmayan konsantrasyonlarda belirlenmistir. Ayrica Agrocybe dura'da K,
Mg, Ca, Mn, Fe ve Ni konsantrasyonlarinin yiksek oldugu belirlendi.

Anahtar kelimeler: Mineral, Toksik element, Yabani yenebilir mantarlar

Introduction

Wild edible mushrooms are valued for their unique
taste, aroma, nutritional value, and medicinal potentials
(Falandysz and Gucia, 2008). In the last few decades, the
interest in services of urban ecosystems has greatly
increased. Mushrooms have been a popular delicacy in
many countries, particularly in central and east Europe.
Wild mushrooms are also a popular food source in
Turkey. Mushrooms have a long history of use in

129

traditional Chinese medicine. Mushrooms have also been
reported as therapeutic foods, useful in preventing
diseases such as hypertension, hypercholesterolemia
and cancer. These functional characteristics are mainly
due to their chemical composition (Kalaé, 2016;
Zsigmond et al., 2018). The consumption of wild edible
mushrooms is increasing, even in the developed world,
due to their good contents of proteins and trace minerals
(Kala€, 2016). Nevertheless, mushrooms are also
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recognized as efficient trace metal accumulators
(Rzymski et al., 2017).

Studies have shown that some mushroom species
contain high concentrations of nutritional trace elements
such that the fruiting bodies of higher mushrooms are
generally considered rich sources of mineral constituents,
including the heavy metals (Falandysz et al., 2001, 2003).
Mushrooms are an important part of diet in many world
regions. Wild edible species collected for culinary reasons
have already been found to uptake several toxic elements
easily (including Hg, Ni, Cd and Pb) from the ambient
environment and accumulate them in aboveground parts
(Falandysz et al., 2015). Therefore, the place from which
they are collected is crucial if the specimen is to be safe
for human health. Unfortunately, some mushroom
species are able to accumulate relatively high levels of
these elements which can pose a threat to human health.
However, other elements can also be harmful for
mushroom consumers (e.g. As, Cd, Cr (lll), Hg or Pb).
Trace metal contents in mushrooms are usually higher
than those in agricultural crop plants, vegetables, fruits or
even animal tissue (Falandysz et al., 2015; Kala&, 2016).

Exposure to toxic elements in humans occurs
through a variety of routes, including the inhalation of air
pollutants or contaminated soil particles, and the
consumption of contaminated foods. For non-
occupationally exposed individuals, the most likely source
of trace elements intake is the diet. Consumers of
delicacies such as mushrooms, which may not have been
extensively investigated for toxic metal contents, could be
exposed via the diet. Information about heavy metal
concentrations in foods and their consumers’ dietary
intake is very important for assessing their health risks to
humans. Exposure to elevated levels of mineral elements,
such as Cd, Hg, Pb, Cr, and Ni could lead to both acute
and chronic health hazards (Falandysz et al., 2015).

The macrofungi are collected to make a substantial
contribution to food intake. Therefore, it is necessary to
know the levels of essential elements in edible
mushrooms (Isiloglu et al., 2001). The bioavailability of
iron in mushrooms is therefore high and up to 90% of the
iron present can be absorbed (Kala¢ and Svoboda, 2000).
The contents of trace metals are related to species of
mushroom, collecting area of the sample, age of fruiting
bodies and mycelium, and distance from any source of
pollution. Metals, such as iron, copper, zinc and
manganese are essential metals, since they play an
important role in biological systems. Lead and cadmium
are non-essential metals as they are toxic, even in traces.
The essential metals can also produce toxic effects when
the metal intake is excessively elevated (Tuzen et al.,
2007; Kala€é, 2016). Accurate and adequate food
composition data are invaluable for estimating the
adequacy of intakes of essential nutrients and assessing
exposure risks from intake of toxic non-essential heavy
metals (Soylak et al., 2003; Mleczek et al., 2018).
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Mushrooms have become increasingly attractive
as functional foods for their potential beneficial effects on
human health. Due to the toxic minerals they carry,
mushrooms should be taken into consideration during
their consumption as human food. Also, mushrooms are
important in the ecosystem because they are able to
biodegrade the substrate, to collect heavy metal (Kala¢,
2016).

Turkey has a large edible mushroom potential and
is becoming an important exporter of wild mushrooms.
Trace metal levels in wild mushroom samples in
Gumushane province have not yet been determined. The
purpose of this study is to determine toxic and essential
elements (K, Mg, Ca, Mn, Fe, Zn, Cu, Ni, Cd and Pb in
fruit bodies of several mushroom species from
Gumushane, Turkey.

Material and Method

Samples

The thirty macrofungi samples were collected
during field trips in Gimushane province, Turkey. Colour
slides of the macrofungal specimens were taken in their
natural habitats during fields studies. After relevant notes
were taken of their morphological and ecological features,
they were put in private prepared boxes and brought to
the laboratory. Their spore prints were taken and spore
dimensions were measured using an ocular micrometer.
Then, dried specimens were placed in locked
polyethylene bags and kept in a deep freezer at -20 °C to
protect against parasites.

Identification of the specimens was performed
according to Breitenbach and Kranzlin (1984-2000),
Bresinsky and Besl (1990), Buczacki (1989) and Dahncke
and Dahncke (1989). All specimens are kept in the
Herbarium of Yuzuncu Yil University, Department of
Biology (VANF). Table 1 shows the taxa of wild edible
macrofungi.

Method

Atomic absorption spectrophotometer (Varian
Techtron Model AAS 1000, Varian Associates, Palo Alto,
CA) was used for the determination of the minerals (Ca,
Mg, K, Fe, Zn, Cu, Mn, Pb, Ni and Cd) in dried fruit bodies
of macrofungi. Each dried mushroom sample was
weighed as 4-5 g and placed in a porcelain crucible and
ashed at 550°C for 18-20 h.; then the ash was dissolved
in 1ml concentrated HNO3, evaporated to dryness,
heated again at 550°C for 4 h, treated successively with
1 ml HNOs and 1 ml H202 and then diluted with double
deionized water up to a volume of 25 ml. Three blank
samples were treated in the same way. The species,
which were digested in an acid solution of HNOs, were
passed through the AAS system using different lamps,
and calibrated with related minerals in different
concentrations for different micronutrients (AOAC, 1990).
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No Class, Family and taxa of macrofungi Habitat KHN no:
1. Agaricus bisporus (J.E. Lange) Imbach Gimishane, Torul, Kdpribasi district, 842
meadow area (Agaric)
2. A.langei (F.H. Mgller) F.H. Mgller Gumushane, Torul, Zigana Mountein, 865
Zigana tunnel around, conifer forest
3. Coprinus comatus (O.F. Mill.) Pers. Giimiishane, Torul, Giinay Willage, meadow 1318
area
4. Hydnum repandum L. Gumushane, Torul, Zigana Mountein, 879
Zigana tunnel around, conifer forest
5. Marasmius oreades (Bolton) Fr. Gumushane, Torul, Képrubasi district 845
meadow area
6  Armillaria ostoyae (Romagn.) Herink Gumishane, Kartin, Orimcek Mountein, 1221
mixed forest, on stumps of poplar tree
Agrocybe dura (Bolton) Singer Gimushane, Torul, Képribasi district 1434
A. praecox (Pers.) Fayod Gumushane, Gegitkaya Willage, on stumps 1102
of poplar tree
9. Pleurotus eryngii (DC.) Quél. Gumughane, Bozkir, On Heliz residues 874
10. P. ostreatus (Jacq.) P. Kumm. Gumushane, Near Akgahisar Castle, on 3425
stumps of poplar tree (Poplar mushroom)
11. Cyclocybe cylindracea (DC.) Vizzini &  Gumishane, Glvercinlik Willage, on stumps 1093
Angelini of poplar tree
12. Cantharellus cibarius Fr. Gumushane, Torul, Zigana Mountein,
Zigana tunnel around, conifer forest 889
13 Clavulina cinerea (Bull.) J. Schrot. Glimishane, Kiirtiin, Oriimcek Mountein, 889
mixed forest
14. Leccinum scabrum (Bull.) Gray Gumushane, Ginay Willage, conifer forest 1320
15. Suillus granulatus (L.) Roussel Gumushane, Ginay Willage, conifer forest 1311
16. S. luteus (L.) Roussel Gumushane, Kose, conifer forest 1443
17. Cerioporus squamosus (Huds.) Quél. Gimushane, Torul, Képribasi district, on 854
stumps of poplar tree
18. Lactarius deliciosus (L.) Gray Gumushane, Torul, Gunay willage, meadow 1321
area
19. L. salmonicolor R. Heim and Leclair Gumushane, Torul, Zigana Mountein, 885
Zigana tunnel around, conifer forest
20. Russula delica Fr. Gumushane, Torul, Zigana Mountein, 882

Zigana tunnel around, conifer forest
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To check for possible contamination by reagents or
glassware, blanks containing 4ml of ultrapure
concentrated HNOs and 4 ml H202 were run together
with analytical samples and every batch of analytical
samples was run together with the standard matrix. The
values of Ca, Mg, K, Fe, Zn, Cu, Mn, Pb, Ni and cadmium
Cd were calculated as mg/kg dw. Detection limit is
defined as the concentration corresponding to three times
the Standard deviation of ten blanks. Detection limit
values of elements as mg/kg in AAS were found to be
0.012 for K, 0.003 for Mg, 0.015 for Ca, 0.029 for Mn,
0.060 for Fe, 0.013 for Zn, 0.041 for Cu, 0.063 for Ni,
0.032 for Cd and 0.10 for Pb. The results were within
limits of quantification for above minerals (calculated as
10-fold of standard deviation from ten replicates of the
instrumental blank solution) 0, 2, 4, 8 and 16 mg/g or
mg/kg, respectively. Correlation coefficients of the
mineral result were determined between r=0.9932 and
0.9999. Mushrooms were selected normally harvested for
consumption (pileus+stipe). For all the mushroom
species, at least three samples were analysed.

Results and Discussion

Data on potassium and nine metals most frequently
determined in mushrooms from Gimushane, Turkey are
given for 20 species in Table 2. All the metal
concentrations were determined on a dry weight basis.

The most abundant element was found to be
potassium, (ranging from 4170 to 15747 mg/kg dw),
followed by magnesium, calcium and iron while the most
variable mineral was calcium. Mushrooms contained a
wide range of minerals, particularly manganese and
magnesium. The lowest Mg, Zn and Ni contents were
observed in Russula delica (Table 2). Wild-grown
mushrooms are able to accumulate in their fruiting bodies
large amounts of both macro- and micro-elements that
are essential to fungi and its consumers. Mushrooms can
also be specifically enriched with toxic elements such as
As, Hg, Cd and Pb. Potassium (K) and phosphorus (P)
are two prevailing elements in fruiting bodies and are
usually followed by Ca, Mg, Na and Fe (Falandysz and
Borovicka, 2013; Okoro and Achuba, 2012).

The mean contents of elements detected in the
mushrooms of all the investigated species (Table 2)
generally decreased in the following order: K > Mg > Ca
>Fe >Mn >2Zn > Cu > Ni > Cd > Pb. These elements
can be divided according to their level in dry matter into
five groups: i) those exceeding 1000 mg/kg (K, Mg and
Ca); (ii) ranging from 100 to 1000 mg/kg (Mn, Fe and Zn);
(ii) ranging from 10 to 100 mg/kg (Cu); (iv) ranging from
1 to 10 mg/kg (Ni); and (v) below 1 mg/kg (Cd and Pb).

Potassium content was higher than other minerals
in all mushrooms in this study, varying between 4170
(Lactarius  salmonicolor) and 15747 mg/kg dw
(Cantharellus cibarius). In general, most of the
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mushrooms studied contained considerably high
amounts of potassium. The levels of essential elements
in mushroom species were higher than those of toxic
elements. Genccelep et al. (2009) reported the potassium
contents of wild edible mushrooms as being between
12600 and 29100 mg/kg dw. Wang et al. (2014) found that
potassium content was between 16000 (S. rugoso-
annulata) and 37000 (C. cornucopioides) mg/kg in dry
matter. Sanmeea et al. (2003) reported that potassium
accumulation in mushrooms could rise up to 45200
mg/kg. Liu et al. (2012) reported that the lowest
potassium value (1300 mg/kg dw) was measured in
Melanoleuca gigantea and Melanoleuca arcuata, the
highest potassium value (4600 mg/kg dw) was found in
Boletus griseus. The greatest concentrations of K were
obtained in C. cibarius (41823 mg/kg), whereas the
lowest was in Boletus edulis (11269 mg/kg)
(Cvetkovic, 2015). Usually potassium content in
mushrooms varies between 20000 and 40000 mg/kg dw.
The overall data indicates that mushrooms may contain
elevated levels of potassium. In this study, potassium
levels were lower than reported values in the literature.
Showing that mushrooms are an excellent source of
potassium in the human diet.

Magnesium content was 295 mg/kg dw in Russula
delica and 2095 mg/kg dw in Agaricus bisporus. The level
of magnesium reported in this study was relatively low
compared to earlier published reports (Demirbas, 2000)
which was magnesium content ranged from 330 mg/kg
dw in Tricholoma anatolicum to 6560 mg/kg dw in
Morchella deliciosa. In our previous study, the
concentration levels of Mg in Morchella vulgaris 1920
mg/kg, Helvella lacunosa 1190 mg/kg, Lepista nuda 3410
mg/kg were found (Genccelep et al.,, 2009). Liu et al.
(2002) reported that the magnesium contents of the
mushrooms ranged from 84 mg/kg dw in Leucopaxillus
giganteus to 550 mg/kg dw in Macrocybe gigantea.
Previously reported magnesium contents in mushrooms
varied between 800 and 1800 mg/kg dw (Kalaé, 2010).
The lowest magnesium value, 248 mg/kg dw Bolereus
tomentipes, was found by Li et al. (2011). Sanmeea et al.
(2003) reported that mature Astraeus hygrometricus had
1600 mg/kg of Mg concentrations. In this study,
magnesium concentrations of the same fungus species
were found to be lower than the other studies. As a result,
environmental factors are very important to amount of
metal concentrations in mushrooms.

Magnesium levels in this study are in agreement
with the value reported in the literature.

In the present study, the calcium contents of the
mushrooms ranged from 100 mg/kg dw in Armillaria
ostoyae to 2778 mg/kg dw in Coprinus comatus. In our
previous study, the concentration levels of Ca in
Morchella vulgaris 870 mg/kg, Helvella lacunosa 470
mg/kg, Lepista nuda 8800 mg/kg were found (Genccelep
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mushrooms varied from 100 to 500 mg/kg dw (Kalac,
2010). The calcium contents in our mushroom samples
are higher than the values reported in the literature. The
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accumulation of metals in mushrooms has been found to

be affected by environmental and fungal factors.

Table 2. Taxa of wild edible macrofungi collected from Gimushane region of Turkey (mg/kg dw)

No | Taxa K Mg Ca Mn Fe zn Cu Ni Cd Pb
1 Agaricus bisporus 7624 2095 936 33.07 217.99 61.06 69.19 4.89 0.42 4.97
2 Agaricus langei 5386 1273 238 13.98 104.18 47.19 46.85 3.30 0.54 1.94
3 Coprinus comatus 9548 1553 2778 20.18 277.66 48.34 47.26 6.07 1.18 1.39
4 Hydnum repandum 6334 481 103 16.82 1121.53 34.68 11.55 2.09 0.28 4.56
5 Marasmius oreades 12124 888 761 30.78 262.92 91.76 58.48 191 0.15 0.02
6 Armillaria ostoyae 8636 732 100 32.89 242.11 57.13 31.11 2.27 7.29 32.31
7 Agrocybe dura 12066 | 1507 1542 170.25 395.66 40.06 17.60 3.67 1.98 1.76
8 Agrocybe praecox 7786 979 573 14.69 133.54 38.34 24.00 1.87 0.52 0.56
9 Pleurotus eryngii 7839 1838 205 8.15 103.86 56.69 9.39 2.68 0.17 1.13
10 Pleurotus ostreatus 9975 1514 465 10.57 242.09 55.29 5.89 2.03 0.57 1.18
11 Cyclocybe cylindracea 9264 544 160 21.31 259.91 30.10 19.09 2.11 0.23 0.91
12 Cantharellus cibarius 15747 686 439 18.73 174.42 82.22 46.91 291 1.65 6.51
13 Clavulina cinerea 15737 412 184 35.84 355.20 49.75 135.35 3.88 3.92 30.46
14 Leccinum scabrum 8040 752 178 3.82 98.14 48.57 34.59 291 0.06 0.92
15 Suillus granulatus 5618 593 277 5.18 166.02 40.31 16.72 171 0.13 0.75
16 Suillus luteus 6449 736 184 7.53 113.96 52.30 14.84 1.67 0.12 1.10
17 Cerioporus squamosus 7384 1574 102 4.70 50.25 44.47 15.16 2.61 1.99 1.05
18 Lactarius deliciosus 7121 579 222 12.45 144.01 57.12 8.85 161 0.88 1.39
19 Lactarius salmonicolor 4170 529 237 17.45 73.93 34.50 13.70 1.38 1.22 3.19
20 Russula delica 5198 295 119 8.13 106.39 22.99 26.90 1.05 2.55 4.17
Mean 8602 978 490 24.32 232.18 49.64 32.67 2.63 1.29 5.01
+SD +3212 +529 +646 +35.75 +229.52 +16.30 +30.08 +1.23 +1.79 +9.18
Minimum 4170 295 100 3.82 50.25 22.99 5.89 1.05 0.06 0.02
Maximum 15747 2095 2778 170.25 1121.53 91.76 135.35 6.07 7.29 32.31

But, it seems to be higher when compared to the
concentrations obtained by Sanmeea et al. (2003) (100-
2400 mg/kg dw). Andreea et al. (2018) suggest that the
Ca has a considerable role in the integrity of the cell and

the vacuolar membranes, and it slows enzymatic
browning reactions.
Manganese was also determined in all

mushrooms. The manganese content of the mushrooms
studied in the present work ranged from 3.82 mg/kg dw in
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Leccinum scabrum to 170.25 mg/kg dw in Agrocybe dura.
The reported manganese values in the literature for
mushrooms were 14.2-69.7 mg/kg, 21.7-74.3 mg/kg and
7.1-81.3 mg/kg, 5.54-135 mg/kg dw (Genccelep et al.,
2009; Soylak et al. (2005), respectively. The manganese
values in this study are found lower than in the literature.

The iron content of the mushrooms ranged from
50.25 mg/kg dw in Cerioporus squamosus to 1121.53
mg/kg dw in Hydnum repandum. Iron values in mushroom
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samples (as reported) ranged from 31.3-1190 mg/kg
(Sesli and Tuzen, 1999), 56.1-7162 mg/kg (Isiloglu et al.,
2001), 50.1-842.0 mg/kg (Gengcelep et al.,, 2009),
respectively. Wang et al. (2014) found that iron (Fe)
content in Thelehhora ganhajun was 1500 mg/kg dw,
which is particularly higher than in other mushrooms. The
iron values in the present study are in lower than with
reported values in the literature. It is known that adequate
iron in a diet is very important in order to decrease the
incidence of anemia.

Mushrooms are known as zinc accumulators and
the sporophore: substrate ratio for Zn ranges from 1 to 10
mg/kg (Isiloglu et al., 2001). The zinc content was the
lowest (22.99 mg/kg dw) in Russula delica, whereas it
was highest (91.76 mg/kg dw) in Marasmius oreades
(Table 2). The reported literature zinc content ranged
between 22.10 and 185 mg/kg dw (Gengcelep et al.,
2009; Kala¢, 2001; Kaya and Bag, 2001). Sarikirkgu et
al. (2012) found the highest Zn values in Helvella
leucopus and Tricholoma auratum (354 and 356 mg/kg,
respectively). In this study, some mushroom species have
higher zinc content more than 50 mg/kg (Agaricus
bisporus, Pleurotus eryngii, Lactarius deliciosus, Suillus
luteus, Pleurotus ostreatus, Cantharellus cibarius and
Armillaria ostoyae). These mushrooms species were
collected from locations near the downtown of
Gumushane. Therefore, metal accumulation may be
more owing to soil pollution. Zn is an essential nutrient
that has an important role in biological systems. Zinc is
necessary for the functioning of various enzymes and
plays an essential role in DNA, RNA, and protein
synthesis. The major symptoms of zinc deficiency are
delayed growth and slow maturation (WHO, 1996).

Minimum and maximum values of copper were
5.89 and 135.35 mg/kg dw in Pleurotus ostreatus and
Clavulina cinerea. Copper contents of mushroom
samples in the literature have been reported to be in the
range of 4.71-51.0 mg/kg (Tuzen et al., 1998) and 10.3-
145 mg/kg (Sesli and Tlzen, 1999). Copper contents
found in this study parallel those reported in the literature.

In the present study, the Cu concentrations
detected in mushrooms were lower than previously
reported in the literature but only one mushroom
(Clavulina cinerea, 135.35 mg/kg) higher than 100mg/kg
in Table 2. Keles et al. (2017) found that copper values in
Leccinum versipelle (102.40 mg/kg) and Russula delica
(128.94 mg/kg) were collected near the downtown of
Erzincan, Turkey, therefore copper contents of these
samples were found higher than the others. In our
previous study, the concentration levels of Cu in
Pleurotus ostreatus 47.1 mg/kg and Lepista nuda 26.6
mg/kg were found (Gencgcelep et al., 2009). Cu is an
essential element. Enzymes containing copper are
important for the body to transport and use iron. In
previous studies, Cu concentrations in edible mushrooms
were found to be between 100 and 300 mg/kg, which was
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not considered a health risk (Kala¢ and Svoboda, 2000).
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In 1996, a joint FAO/International Atomic Energy Agency/
WHO official report set an upper limit for the safe range
of population mean exposures for adults of 0.2 mg/kg
body weight per day (WHO, 1996).

Nickel was determined all mushrooms. Coprinus
comatus contained high nickel content with an amount of
6.07 mg/kg dry matter. The reported Ni values for wild-
growing mushrooms were 0.4-15.9, 0.4-2, 1.72-24.1
mg/kg (Isiloglu, 2001; Kalaé and Svoboda, 2000, Soylak
et al., 2005), respectively. The Ni levels are generally in
agreement with previous studies. The obtained Ni levels
in some mushrooms (Coprinus comatus, Agaricus
bisporus, Clavulina cinerea, Agaricus langei and
Agrocybe dura) are higher than the allowed amount (0.05-
5 mg/kg) of National Academy of Sciences (1975) for
plants and foods (NAS, 1975) (Table 2). Nickel has been
linked to lung cancer and the tolerable upper intake level
for this toxic element is reported as 1 mg/day (FNB,
2001).

Cadmium is known as a principal toxic element,
since it inhibits many life processes. Cadmium has been
associated with renal damage; cancer and childhood
aggression (JECFA, 2011). Mushroom, in particular, can
be very rich in cadmium. Cadmium was measured as the
lowest detected in Leccinum scabrum (0.06 mg/kg dw)
and it was the highest in Armillaria ostoyae (7.29 mg/kg
dw) which is relatively high compared to reported
literature data (Mendil et al., 2005) Cd levels were found
generally lower than 2.0 mg/kg for the other mushrooms
species, in this study. Long-term exposure to high levels
of Cd may lead to considerable accumulation in the liver
and kidneys, particularly the renal cortex, resulting in
kidney damage (WHO,1989). Thus, cadmium seems to
be the most deleterious one among heavy metals in
mushrooms. It is acceptable daily or weekly intake may
be easily reached by consumption of an accumulating
mushroom species (Kala¢ et al., 2004). In the case of this
element the JECFA authority has established a
provisional tolerable monthly intake (PTMI) at a level of
0.025 mg/kg bodyweight (JECFA, 2011), which accounts
for 1.5 mg per month for a 60-kg adult.

Pb concentrations of mushroom samples were
generally low, except Armillaria ostoyae and Clavulina
cinerea with an amount of 32.31 and 30.46 mg/kg dw. The
Pb levels of all other samples were not higher compared
to the reported Pb values for mushrooms by Tuzen et al.,
(1998) (2.35 mg/kg), Kala¢ and Svoboda (2000) (0.5-20
mg/kg) and Kaya and Bag (2010) (2.166 mg/kg).
Sariklrkct et al., (2012) found the lowest Pb value in
Lyophyllum decastes (0.5 + 0.19 mg/kg). This is followed
by Morchella esculenta (0.9 £ 0.29 mg/kg). In Rhizopogon
roseolus, Volvoriella gloiocephala and Cyclocybe
cylindracea, Pb contents were found equal or above 4.0
mg level (6.2 £ 0.44, 5.9 = 0.11 and 4.0 £ 0.50 mg/kg),
respectively. Pb is used for a number of industrial,
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domestic, and rural purposes for example, in lead
batteries and in leaded petrol. A significant source of
exposure to lead is via the diet. Lead is a cumulative toxin
that can primarily affect the blood, nervous system, and
kidneys. In the blood at high concentrations, lead inhibits
red blood cell formation and eventually results in anemia
(Cayir et al., 2010). The provisional tolerable weekly
intake (PTWI) of Pb was set at 0.025 mg/kg bodyweight
(the equivalent of 0.0036 mg/kg body weight per day)
(JECFA, i.e., 1.5 mg weekly (and 0.21 mg daily) for an
adult weighing 60 kg.

Aiming to assess the health risks associated to the
consumption of the mushrooms with regard to the toxic
metal content, we used the PTWI (Provisional Tolerable
Weekly Intake) values given by the Food and Agriculture
Organization/World Health Organization Joint Expert
Committee on Food Additives (JECFA) (FAO/WHO,
2011). The PTWI is the maximum amount of a
contaminant to which a person can be exposed per week
over a lifetime without an unacceptable risk of health
effects. The level is provisional, because it is subject to
review when new information becomes available.
According to the FAO/WHO the PTW!I values given in mg/
kg body weight (bw) are the followings: 0.015 for As,
0.007 for Cd and 0.025 for Pb. In 2011 the values for As
and Pb were withdrawn by the Committee because of the
need for further research, the level of Cd was changed to
0.025 PTMI (Provisional Tolerable Monthly Intake). In our
evaluation, we used the values given in 2009 for As and
Pb, and the values given in 2011 for Cd. We have also
calculated the recommended weekly amount (RWA) as
the maximum safe intake in kg of fresh mushroom
considering the PTWI value as one.

Present human health risk assessments of
elements like toxic metals or metalloids are traditionally
based on the total content in foods and food consumption,
although, the amount of an ingested element in the diet
does not always reflect the amount that is accessible to
the consumer. The terms bioaccessibility and
bioavailability are often used indiscriminately although
their meaning is slightly different. Bioaccessibility defines
the fraction of a contaminant ingested with food that is
released from its matrix into the digestive juice and has
the potential to be absorbed by the intestines during the
digestion. Bioavailability, however, refers to the
proportion of a contaminant ingested with food that is
absorbed by the intestine with the subsequent potential to
reach the systemic circulation and exert toxic effects
(Versantvoort et al., 2005; Zsigmond et al., 2018).

The results of nutritionally valuable minerals show
that twenty mushroom species contained high amounts of
potassium, calcium, magnesium and iron. Most of them
contain little lead, nickel, cadmium or copper. Minerals in
the diet are required for metabolic reactions, transmission
of nerve impulses, rigid bone formation and regulation of
water and salt balance (Kala¢ and Svoboda, 2000).
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Mushrooms collected from urban and industrial
areas polluted with toxic compounds (Ni, As, Hg, Cd and
Pb) usually show highly elevated content of such
constituents in flesh (Falandysz and Borovicka, 2013).
The content of toxic elements in the studied mushrooms
was generally low and safe, although all investigated
species contained a relatively high content of rare-earth
elements (REESs), particularly of Cd ve Pb.

Finally, Principal Component Analysis (PCA) was
used to display the differences among all the
observations (all mushroom species characterized by all
elements) (Figure 1). The results of PCA of the mean
values of minerals of wild mushroom samples are
depicted in a 3-dimensional plot (Figure 1). Results from
the PCA showed that principal components (PC) 1, 2 and
3 described about 68.71% of the total variation of sample:
31.12% PC1, 23.80% PC2 and 13.79% PC3. Principal
component 1 was heavily loaded on Ca, Ni and Mg,
component 2 was loaded on Cd, Pb and Cu whereas PC3
was loaded Zn, K, Fe and Mn. The PCA analysis showed
that Mn, Ni, Ca and Mg were positively correlated to each
other, and the correlation was very high. Figure 1 also
presents the positive low correlation between Fe and Zn.
Results also showed that there is negative significant
relationship among Zn and K attributes (Figure 1).
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Figure 1. Principal component analysis threeplot of
minerals contents of wild mushrooms.

Ideally, mushrooms used for human consumption
should be characterized by the lowest possible level of
toxic elements, and contain relevant mineral content in
their fruiting bodies. In summary, the present research
investigated the elemental composition of mushrooms
from the wild edible mushrooms for dietary purposes in
Turkey over the last few years. The studied mushrooms
were found to vary widely in their elemental composition.
Some mushrooms demonstrated a lower variability in
element content and the lowest content of toxic or
potentially toxic elements when compared with other
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tested species. This would seem to indicate that wild
edible mushrooms (as well as other mushrooms
investigated previously) may constitute an important
dietary source of these elements for humans. The studied
mushrooms were found to be generally safe with respect
to the content of potentially toxic elements, although

increased contents of Ni, Cd and Pb in some of the
studied species requires further attention as regards the
bioavailability of these elements from mushrooms.
Further studies are, however, necessary to elucidate any
potential risks arising from the presence of rare-earth
elements (REES) in these foodstuffs.
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Abstract: The fimicolous Thecotheus Boud. species, Thecotheus lundgvistii Aas., is
reported in Turkey for the first time. A brief description of the species and the photographs related
to its macro and micromorphologies are provided.

Key words: Biodiversity, Macrofungi, Taxonomy, Karaman

Thecotheus lundqvistii, Tiirkiye igin
Yeni Bir Koprofil Askomiset Kaydi

Oz: Giibre iizerinde gelisim gosteren bir Thecotheus Boud. tiirii, Thecotheus lundqvistii
Aas., Turkiye’'de ilk kez rapor edilmistir. Turlin kisa betimlemesi ve makro ve mikromorfolojilerine

iliskin fotograflari verilmigtir.

Anahtar kelimeler: Biyogesitlilik, Makromantarlar, Taksonomi, Karaman

Introduction

Thecotheus Boud. is an ascomycete genus within
the family Ascobolaceae. Members of the genus are
characterized by membranous to fleshy rough or
papillate disc shaped ascomata, operculate, diffusely
amyloid, 8-32-spored asci, ellipsoidal, symmetrical to
slightly or greatly inequilateral, smooth to verrucose,
biapiculate or non-apiculate ascospores (Doveri, 2007).
Most members of the genus are coprophilous, often with
a specific dung preference and widespread, especially in
temperate regions (Doveri and Coué, 2008; Kirk et al.,
2008).

Though Kirk et al. (2008) give the species number
of Thecotheus as 17, Index Fungorum (accessed on 15
April 2020) lists 26 conformed Thecotheus species. But
the current checklists (Sesli and Denchev, 2014; Solak
et al., 2015) on Turkish macromycota and the later
contributions (Kasik et al., 2017; Akcay et al., 2018; Isik
and Turkekul, 2018; Sadullahoglu and Demirel, 2018;
Acar et al., 2019; Keles, 2019; Sesli, 2019; Yildiz et al.,
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2019; ileri et al., 2020; Uzun et al., 2020) indicate that
only two of them, Thecotheus pelletieri (Crouan) Boud.
and Thecotheus holmskioldii (E.C.Hansen) Eckblad, of
the genus have so far been recorded from Turkey (Kaya
and Uzun, 2015; Uzun et al., 2018).

Here we report Thecotheus lundgvistii Aas as a
new member of the Turkish Thecotheus. The study aims
to make a contribution to the mycobiota of Turkey.

Material and Method
The Thecotheus samples were collected from

Yesildere village of Karaman province in 2015. The
fructification organs were photographed at their natural
habitats and ecologic characters were recorded. Detailed
investigations related to their macroscopy and
microscopy were carried out in the fungarium. A Nikon
Eclipse Ci-S trinocular light microscope was used
microscopic investigations, and a Nikon DS-Fi2 camera
was used for photographing micromorphologic structures.
The samples were identified by comparing the obtained
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data with relevant literature (Doveri et al., 2000; Nagao et
al., 2003; Doveri, 2007; Richardson, 2007, 2008; Doveri
and Coué, 2008; Bronckers, 2011). The specimens are
kept at Karamanoglu Mehmetbey University, Kamil
Ozdag Science Faculty, Department of Biology.

Results

Ascomycota Caval-Sm

Pezizomycetes O.E.Erikss. & Winka

Pezizales J.Schrot.

Ascobolaceae Boud. ex Sacc.

Thecotheus lundqvistii Aas

Macroscopic and microscopic features:
Apothecia 0.8-3 mm in diam., rounded at first, then cup
shaped to cylindrical with a subiculum-like base, grey
brownish to whitish. Hymenial surface smooth to finely

Discussions

Thecotheus lundqvistii is reported as new record
for the mycobiota of Turkey. After the reports of T.
pelletieri and T. holmskioldii (Kaya and Uzun, 2015; Uzun
et al., 2018), it seems to be the third member of the genus
Thecotheus in Turkey. General characteristics of Turkish
specimens are in agreement with those given by
Richardson (2007, 2008) and Garcia and Ormad (2010).

Thecotheus lundqvistii is similar to T. harasisus
and T. holmskjoldii in terms of ecological and some macro

Figure 1. Ascocarps of Thecotheus lundgvistii on cow dung
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rough or pruinose. Outer surface covered with small
grayish granulations which are more visible near the
margin. Asci 260-300 x 21-28 um, cylindrical, operculate,
tapering towards the base, uniseriate, 8-spored.
Paraphyses filiform, hyaline, septate, enlarged at the
apices. Ascospores 24-29 x 12-14 um, ellipsoid with an
apiculus of 2-3 ym at each pole, ornamented with minute
granules or subreticulate structures, surrounded by
gelatinous envelope. Thecotheus lundgvistii was reported
to grow on cow dung as solitary, gregarious or in large
groups (Garcia and Ormad, 2010).

Specimen examined: Karaman, Yesildere village,
on cow dung as solitary or in large groups, 37°09'N-
33°25'E, 1150 m, 25.04.2015, ACK. 181.

=\ e ’ ™

and micromorphological characters. All the three species
grow on corprophilous substrata. Larger ascospores (29-
38 x 14-18 um) of T. holmskjoldii easily differentiates it
from T. lundguvistii (24-29 (30) x 12-14 ym) (Nagao et al.,
2003; Uzun et al., 2018). The subiculum-like base of
apothecia and the verruculose ascospore ornamentation
differs T. lundqvistii both from T. harasisus and T.
holmskjoldii (Bronckers, 2011).
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Figure 2. Asci, paraphyses and ascospores (a), and ascospores (b,c) of Thecotheus lundqvistii
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Oz: Turkiye'de “kuzugdbegi” olarak bilinen Morchella cinsi, Tlrkiye'nin de iginde bulundugu
bircok Ulkede yodun olarak tuketiimekte ve bilimsel olarak da Uzerindeki ilgiyi her zaman
korumaktadir. Bu mantar cinsinde yapilan sistematik g¢alismalar popdilerligini strdirmekte, yeni
turler tanimlanmakta ve sinonimler belirlenmektedir. Sunulan bu ¢alismada da Turkiye’nin farkh
lokasyonlarindan toplanmis ve 50 6rnekten olugsmus bir koleksiyonun morfolojik ve filogenetik
degerlendiriimesi yapilmistir. Filogenetik analizlerde, transkripsiyonu yapilamayan (ITS rDNA) ve
28S rDNA (LSU) gen bolgeleri kullaniimistir. Calisma sonunda, bu gen bdlgelerine gore,
Morchella dunensis, M. tridentina, M. importuna, M. eximia, M. dunalii, M. mediterraneensis ve
M. deliciosa tirleri belirlenmistir.

Anahtar kelimeler: Morchella, Kuzugébegi, ITS rDNA, 28S rDNA, Turkiye

Conributions to The Genetic Diversity of Turkish Morchella (Kuzugobegi)
with Using Molecular Techniques

Abstract: Morchella genus called as “kuzugobegi” in Turkey, is consumed extensively in
many countries including Turkey and it always maintains its scientific interest. Systematic studies
on the genus Morchella have continued, new species have also been identified and synonyms
have been determined. In this study, phylogenetic and morphological assessment of a collection
consisting 50 samples collected from different locations of Turkey were performed. In
phylogenetic analysis, internal transcribed spacer (ITS rDNA) and 28S rDNA (LSU) gene regions
were used. At the end of the study, Morchella dunensis, M. tridentina, M. importuna, M. eximia,
M. dunalii, M. mediterraneensis and M. deliciosa have been identified based on these gene
regions.

Key words: Morchella, Morel, ITS rDNA, 28S rDNA, Turkey

Giris Dinyada genis bir ticaret hacmine sahip olan bu cins
Tirkiye'de kuzugdbedi mantari olarak bilinen uyelerinin, satig fiyati oldukga yuksektir. Tarkiye
Morchella cinsi liyeleri, ticari 6nemi nedeniyle lizerinde en Morchella cinsi yoniunden olduk¢a zengin bir genetik
fazla galisilan yenir ézellikte olan doga mantarlarindandir. cesitlilige sahip olup, her sene ulkenin farkli yorelerinde
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yetisen bu mantarlar yerel halk tarafindan toplanarak yurt
disina ihra¢ edilmektedir. Ginimuze kadar Turkiye'de
bulunan Morchella cinsi turlerinin toplanarak morfolojik,
mikroskobik ve molekuller yontemlerle tanimlanmasi ile
ilgili galismalar Taskin ve ark. (2010, 2012) tarafindan
baslatiimis, bu galismalar sonucunda tlkemizde 20 adet
kuzugdbedi mantari tlrdndn varhigi kayit altina alinmistir.
Yine, M. anatolica olarak isimlendirilen 1 tur de Isiloglu ve
ark. (2010) tarafindan belirlenmis ve bdylece Turkiye'de
21 tarin varhd molekiler verilerle desteklenerek
belgelenmistir. Ancak Turkiye’de hala arazi galigmasi
yapilmamis, Morchella cinsi tylerinin yetistigi birgcok alan
oldugu tahmin edilmekte ve bu baglamda Turkiye'nin
kuzugdbedi mantari cgesitliliginin 21 adet tlrle sinirl
olmadigi disunilmektedir. Turkiye (Taskin ve ark., 2010,
2012), Kuzey Amerika (Kuo ve ark., 2012; O'Donnell ve
ark., 2011), Cin (Du ve ark., 2012a, 2012b), Kibris
(Loizides ve ark., 2015, 2016) ve Avrupa (Clowez, 2012;
Richard ve ark., 2015) tarafindan ilk ¢ok genli analizler,
Morchella'nin gercekten de tir agisindan zengin bir cins
oldugunu dogrulamisgtir: atasal Morchella rufobrunnea
grubu (beyaz kuzugdbekleri), Morchella esculenta grubu
(san kuzugoébekleri) ve gec farklilasan Morchella elata
grubu (siyah kuzugoébekleri). Sonrasinda yeni tirlerin
tanimlanmasina devam edilmistir (Baroni ve ark., 2018;
Clowez ve ark., 2014, 2015, 2020; Du ve ark., 2019; Elliott
ve ark., 2014; Loizides ve ark., 2016; Taskin ve ark.,
2016; Voitk ve ark., 2014, 2016). Bu filogenetik ve
taksonomik atilimlarla saglanan stabiliteye ragmen,
Morchella tirlerinin morfolojik olarak tanimlanmasi hala
zorlayicih@ini korumaktadir (Loizides, 2017).

Yukarida sunulan bilgilerin i1s1ginda, tamamlanan

bu calismanin amaci; Turkiye’den toplanan yeni
Morchella  6rneklerinin,  morfolojik-mikroskobik  ve
molekuler yontemlerle tanimlanarak ulkemiz

cografyasinin kuzugébedi mantari zenginliginin ortaya
cikarilmasina katkida bulunulmasidir. Sadece morfolojik
ve mikroskobik yOntemlerle yapilan tanimlamalar,
mantarlar Uzerinde gevresel faktorlerin etkisi nedeniyle,

cok
olabilmektedir.
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belirgin olan bazi tlrler disinda vyaniltici

Materyal ve Metot

Morfolojik analizler

Arazi galigmasi

2016-2018 yili ilkbahar sezonunda, Turkiye'nin
farkli illerinden toplanmis olan 50 Morchella (kuzugdbegi)
cinsi ornekleri, calismanin materyalini olusturmustur
(Tablo 1). Arazi calismalari sirasinda toplanan taze
mantar drneklerinin dncelikle renkli fotograflari ¢ekilmisg,
morfolojik ve ekolojik dzellikleri, yetisme yerinin 6zellikleri,
toplandid1 yukselti, cografi koordinatlari, tarih ve
numaralari kaydedilmistir. Toplanan her bir mantar érnegi
icin  gelismenin  butin evrelerine ait bireylerin
bulunmasina 6zen gosterilmis, daha sonra bu ornekler
tasinabilir mantar kurutma makinesinde 40 °C’'de 8 saat
boyunca kurutularak, Kilitli plastik torbalar icerisinde
muhafaza edilmistir. Kurutulan érnekler Osmaniye Korkut
Ata Universitesi Fungaryum’unda saklanmaktadir.

Laboratuvar caligmasi

Laboratuvar calismasi esnasinda Morchella
orneklerinin  cesitli mikroskobik yapilari stereo ve
binokuler mikroskop altinda incelenmigstir. Mikroskobik
yapilar incelenirken mantar 0Orneklerinin  himenyum
tabakasindan ince kesitler alinarak, distile su, %5 lik
KOH, melzer ayiraci ve kongo kirmizisi ¢ozeltisinden
olusan preparatlar hazirlanmistir. Askuslar, parafizler ve
askosporlar vb. mikroskobik yapilarin sekli, rengi, geper
kalinh@i, yluzey goérinimdi, askus iginde yer alan spor
sayisi ve dizilimi teshiste veri olarak kullaniimak tizere not
alinmis ve bu yapilarin enleri ve boylari, mikrometrik
okduler yardimiyla élgulerek, 10-20 dlgiimin en kigik ve
en yuksek degeri arasindaki aralik saptanmis ve boyutlari
belirlenmistir. Orneklerin teshisinde mevcut literatir
kullaniimigtir (Baroni ve ark., 2018; Clowez, 1997; Clowez
ve ark., 2014; 2015; Du ve ark., 2019; Kuo ve ark., 2012;
Loizides ve ark., 2015, 2016; Richard ve ark., 2015;
Taskin ve ark., 2010, 2012, 2016; Voitk ve ark., 2014,
2016).

Tablo 1. Galismada kullanilan koleksiyona ait bilgiler (*): “Bilinmiyor” olarak belirtilen 6rnekler toplayicilardan veya

firmalardan temin edilmistir.)

HT No MN Lokasyon-Yil Koordinat Habitat

HT554 44 Canakkale 2016 Bilinmiyor* Bilinmiyor*

HT559 10 Sinop 2016 Bilinmiyor* Bilinmiyor*

HT560 15 Adana 2016 Bilinmiyor* Yanik alan

HT562 52 Canakkale 2016 Bilinmiyor* Pinus brutia

HT567 104 Canakkale 2016 Bilinmiyor* Bilinmiyor*

HT587 14 Canakkale 2016 K39°56.463' Pinus brutia
D026°32.318’-455 m

HT593 66 Canakkale 2016 K39°56.372 Pinus brutia
D026°31.485’-386 m

HT601 65 Canakkale 2016 K39°40.713 Pinus brutia
D026°35.511'-521 m
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HT605 30 Erzincan 2016 K39°52.288’ Pinus sylvestris
D038°57.495-5m Populus tremula

HT628 84 Edirne 2017 K40°39.195’ Yanik saha
D026°39.671’-84 m

HT629 110 Edirne 2017 K40°39.195’ Yanik saha
D026°39.671’-84 m

HT630 94 Edirne 2017 K40°39.147’ Yanik saha
D026°39.637°-82 m

HT631 35 Edirne 2017 K40°39.633’ Yanik saha
D026°39.686’-90 m

HT633 81 Edirne 2017 K40°39.029’ Yanik saha
D026°39.599’-48 m

HT636 75 Edirne 2017 K40°39.029’ Yanik saha
D026°39.599’-48 m

HT637 71 Edirne 2017 K40°39.694’ Yanik saha
D026°39.677’-77 m

HT640 76 Edirne 2017 K40°39.704’ Yanik saha
D026°39.688’-93 m

HT641 41 Edirne 2017 K40°39.197’ Yanik saha
D026°39.613’-102 m

HT643 39 Edirne 2017 K40°39.679’ Yanik saha
D026°39.677°-85 m

HT644 107 Edirne 2017 K40°39.213’ Yanik saha
D026°39.683’-58 m

HT647 96 Edirne 2017 K40°39.199’ Yanik saha
D026°39.671’-89 m

HT648 73 Edirne 2017 K40°39.713’ Yanik saha
D026°39.717°-86 m

HT650 49 Edirne 2017 K40°39.210’ Yanik saha
D026°39.633’-88 m

HT651 106 Edirne 2017 K40°39.198’ Yanik saha
D026°39.680’-80 m

HT653 95 Edirne 2017 K40°39.676’ Yanik saha
D026°39.678’-75 m

HT654 72 Edirne 2017 K40°39.179’ Yanik saha
D026°39.638’-86 m

HT655 47 Edirne 2017 K40°39.685’ Yanik saha
D026°39.719°-86 m

HT668 37 Adana-Feke 2017 K37°42.163’ Pinus brutia, Arbutus spp.
D035°48.500’-639 m

HT669 98 Adana-Feke 2017 K37°42.484’ Pinus brutia, Arbutus spp.
D035°46.513'-732 m

HT670 25 Adana-Feke 2017 K37°42.484 Pinus brutia, Arbutus spp.
D035°46.513’-732 m

HT671 55 Adana-Feke 2017 K37°42.475 Pinus brutia, Arbutus spp.

D035°46.512-741 m
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HT672 51 Adana-Feke 2017 K37°42.819 Pinus brutia, Arbutus spp.
D035°48.464-625 m

HT677 80 Balikesir-Kazdaglari 2018 K39°36.414’ Pinus brutia, Cistus spp.
D026°50.556’-407 m

HT678 74 Balikesir-Kazdaglari 2018 K39°35.462’ Yanik saha, Pinus brutia
D026°51.178-194 m

HT679 93 Balikesir-Kazdaglari 2018 K39°35.198 Sebze bahgesi, bir tane

D027°00.367-1 m Pinus brutia var

HT680 40 Balikesir-Kazdaglari 2018 K39°35.462’ Yanik saha, Pinus brutia
D026°51.178’-208 m

HT682 17 Isparta 2018 K37°47.365 Juniperus spp., Abies spp.
D031°19.549’-1695 m

HT683 42 Isparta 2018 K37°47.361 Juniperus spp., Abies spp.
D031°19.549’-1722 m

HT685 22 Isparta 2018 K37°47.363 Juniperus spp., Abies spp.
D031°19.550-1721 m

HT687 105 Isparta 2018 K37°47.362’ Juniperus spp., Abies spp.
D031°19.550-1734 m

HT688 24 Isparta 2018 K37°47.364' Juniperus spp., Abies spp.
D031°19.549’-1695 m

HT689 5 Isparta 2018 K37°47.471 Juniperus spp., Abies spp.
D031°19.553-1734 m

HT690 90 Isparta 2018 K37°46.584 Juniperus spp., Abies spp.
D031°20.213-1629 m

HT691 63 Isparta 2018 K37°47.363 Juniperus spp., Abies spp.
D031°19.548-1694 m

HT693 4 Isparta 2018 K37°47.361 Juniperus spp., Abies spp.
D031°19.550-1719 m

HT694 3 Isparta 2018 K37°47.360’ Juniperus spp., Abies spp.
D031°19.552’-1717 m

HT697 86 Isparta 2018 K37°47.365 Juniperus spp., Abies spp.
D031°19.550’-1698 m

HT698 83 Adana-Aladag 2017 K37°27.519 Pinus brutia, Pinus nigra,
D035°15.226°-1186 m Abies spp.

HT707 56 Isparta-Keciborlu 2017 K37°54.539’ Bilinmiyor*
D030°17.517’-986 m

HT715 103 Kars 2018 Bilinmiyor* Bilinmiyor*

Molekuler analizler

DNA izolasyonu, kurutulmus mantarlardan hazir kit
(Eurx GeneMATRIX marka Bitki ve Mantar DNA
Saflastirma Kiti) kullanilarak yapiimistir. izolasyona
baslamadan o6nce kit protokoline gore, spin kolonlar
tampon P (40 pl) ile aktive edilmistir. Kurutulan mantar
orneklerinden, yaklasik 50 mg alinarak bir homojenizator
(IKA T-10B, Almanya) yardimiyla eppendorf tlplerinin
icerisinde toz haline gelinceye kadar égutuimustir. Toz
haline getirilen o6rneklerin Uzerine sirasiyla Lyse-F
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tamponu (400 pl), RNaz A (10 pl, 20 mg/ml), Proteinaz K
(10 pl, 10 mg/ml) ilave edilip vortekslendikten sonra, su
banyosunda 65°C’de 30 dk boyunca inkiibe edilmistir. Su
banyosundan cikarilan 6rneklerin Uzerine tampon AC
(130 pl) ilave edilerek, 12.000 devir/dk’da 10 dk boyunca
santriflj edilmistir. Stpernatant kisim (yaklasik 400 pl)
yeni bir eppendorf tlipe aktarilip, lzerine sirasiyla Sol P
tamponu (350 pl) ve etanol (250 pl, %96’lk) ilave edilerek
tipler hafif bir sekilde alt Ust edilmistir. Daha sonra yine
supernatant kisim spin kolonlarina alinarak, 1 dk boyunca
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11.500 devir/dk’da santrifij edilmistir. Toplama tlpleri
icerisindeki sivi kisim dokuldikten sonra, spin kolonlarin
Uzerine Wash PX tamponu ilave edilerek, tekrar 1 dk
boyunca 11.500 devir/dk’da santrifij edilmistir (bu islem
en az iki kez tekrarlanmigtir). Spin kolonlar yeni bir
eppendorf tlp icerisine konularak tizerine 80°C’ye kadar
isitilmis  elution tamponu (200 ul) konulup 3 dk
bekletildikten sonra, 1 dk boyunca 11.500 devir/dk’da
santrifiij edilmistir. Icerisinde 200 upl genomik DNA
solliisyonu bulunan ependorf tipleri kullanilincaya kadar,
20°C’de buzdolabinda bekletilmistir.

Herbir ornek i¢cin PCR karisimi, toplamda 50 pl
olarak, su sekilde hazirlanmigtir: 35.8 pl steril ddH20, 5
pl 10X PCR buffer, 5 pl MgSO4 (50 mM), 1.0 pl dNTP (10
mM), 0.8 plileri primer (10 pM), 0.8 ul geri primer (10 pM),
1.0 pl Taq polimeraz enzimi ve 0.6 pl genomik DNA. PCR
reaksiyon sartlari; 94°C’de 5 dk sireyle bir déngu;
94°C’de 30 s, ITS i¢in 50°C'de, LSU icin 53°C'de ve
72°C’de 90 s sireyle 30 dongu; 72°C’de 10 dakikalk bir
déngu ve +4°C’de bekletme seklinde ayarlanmigtir. ITS
ve 28S rDNA gen boélgeleri igin sirasiyla ITS4 (TCC TCC
GCT TAT TGA TAT GC) - ITS5 (GGA AGT AAA AGT
CGT AAC AAG G) ve NL1 (GCA TAT CAA TAA GCG
GAG G) —NL4 (GGT CCG TGT TTC AAG ACG G) primer
ciftleri kullaniimistir (O’'Donnell ve ark., 1997; White ve
ark., 1990). Elde edilen PCR Uurlnleri, 1XTAE buffer
(Sambrook ve Russell, 2001) igerisindeki agoroz jel
(%1.5-UltraPure TM Agarose)’de elektroforez yardimiyla
kosturulduktan sonra, etidyum bromit ile boyanarak UV
goruntileme sistemi yardimiyla géruntilenmistir.

PCR drUnlerinin  temizlenmesi ve DNA dizi
analizleri, hizmet alimi geklinde gerceklestiriimigtir.
Calismada, transkripsiyonu yapilamayan bolge (ITS
rDNA, yaklasik 700 baz cifti; White ve ark., 1990) ile 28S
rDNA bélgesi (LSU, yaklasik 600 baz cifti; O’Donnell ve
ark., 1997) kullaniimigtir. Oncelikle tim érneklerin, ITS
rDNA gen boélgesinin dizi analizi yapilmigtir. Elde edilen
DNA dizileri Sequencher version 5.4.5 (Gene Codes, Ann
Arbor, MI) programi kullanilarak hizalanmig ve ayni
programda %100 benzerlik gbsteren tir gruplar
belirlenmistir. Daha sonra olusan bu tiir gruplarindan birer
ornek secilerek, LSU gen boélgesi ile DNA dizi analizi
yapilmistir. Satirlardaki dizin verilerinin diizenlemesinde
(ileri ve geri primerlerin karsilastirilarak hatalarin
duzeltiimesi) Sequencher version 5.4.5 (Gene Codes,
Ann Arbor, MI) programi kullaniimig ve sonrasinda ITS ve
28S rDNA gen dizileri ile birlestirilerek (yaklasik 1300 baz
c¢ifti uzunlugunda) her iki genin kombinasyonu ile bir
filogenetik aga¢ olusturulmustur. Filogenetik agacin
olusturulmasi, MEGA 7.0 programi kullanimiyla
Maximum Likelihood (ML) analizi ile yapilmistir. Tarlerin
belirlenmesi, elde edilen DNA dizilerinin Genbankasi
verileri ile karsilastirilarak gergeklestiriimistir.
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Bulgular

Morchellaceae Rchb. (1828).

Morchella Dill. ex Pers. (1794).

1. Morchella deliciosa Fr. (1822) (Sekil 2).

Syn.: Morilla deliciosa (Fr.) Quél. (1892), Morchella
deliciosa var. incarnata Quél. (1892), M. deliciosa var.
elegans Boud. (1897), M. deliciosa var. purpurascens
Boud.(1897), M. conica var. deliciosa (Fr.) Cetto (1988).

Makroskobik ve mikroskobik 6zellikler

Askokarp 50-70 mm boyunda, sapka ve saptan
meydana gelmistir. Sapka 30-40 x 20-25 mm, koni
seklinde, bal petedi goriniminde, uzerinde gukurlar ve
kaburga benzeri ¢ikintilar mevcut, griden kahverengiye
degisen tonlardadir. Sap 20-30 x 10-20 mm, silindir
seklinde ve taban kismi sigkinlesmis, i¢i bos, beyazdan
sarlya degisen tonlardadir. Etli kisim sert, elastik ve
kalindir. Askuslar 300-320 x 20-22 um, silindir veya
comak seklinde, sekiz sporlu, renksiz ve inamiloittir.
Parafizler 13-14 uym genistiginde, silindir veya gomak
seklinde, boélmeli ve renksizdir. Askosporlar 23-26 x
13.5-15 pm, eliptik, purizsliz, kalin duvarli, renksiz ve
inamiloittir. GenBank numalari: MT435013 ve MT430970.

2. Morchella dunalii Boud. (1887) (Sekil 3).

Syn.: Morchella fallax Clowez & Luc Martin in
Clowez (2012).

Makroskobik ve mikroskobik dzellikler

Askokarp 80-90 mm boyunda, sapka ve saptan
meydana gelmistir. Sapka 50-60 x 20-30 mm, silindir,
yumurta veya koni seklinde, bal petegi gorinimunde,
kaburga benzeri boyuna ¢ikintilara sahip, agik kahverengi
veya grimsi kahverengi, bazen daha koyu kahverengi
tonlardadir. Sap 20-30 x 15-20 mm, silindir seklinde ve
taban kismi siskinlesmis, i¢ci bos, baslangi¢ta beyaz,
zamanla beyaz zemin Uzerinde saridan agik
kahverengiye degisen tonlarda renklenmeler gorulur. Etli
kisim sert, elastik ve kalindir. Askuslar 290-340 x 19-23
pm, silindir veya gomak seklinde, sekiz sporlu, renksiz ve
inamiloittir. Parafizler 12-15 ym genistiginde, silindir veya
¢omak seklinde, bolmeli ve renksizdir. Askosporlar 23-
26 x 13.5-15 ym, eliptik veya genisce eliptik, plrizsiz,
kalin duvarli, renksiz ve inamiloittir. Akroparafizler 90—
140 x 22-38, comak seklinde, kalin duvarli ve 2-3
bdlmelidir. GenBank numaralari: MT435016 ve
MT430967.

3. Morchella dunensis (Castafiera, J.L. Alonso & G.
Moreno) Clowez (2012) (Sekil 4).

Syn.: Morchella esculenta f. dunensis Castafiera,
J.L. Alonso & G. Moreno (1996).

Makroskobik ve mikroskobik 6zellikler

Askokarp 75-100 mm boyunda, sapka ve saptan
meydana gelmigstir. Sapka 50-60 x 25-40 mm, dizensiz
yumurta veya kure seklinde, diizensiz ve kaburga benzeri
cikintilara sahip, agik kahverengi, grimsi kahverengi veya
sarimsi kahverengidir. Sap 25-30 x 20-25 mm, silindir
seklinde ve taban kismi siskinlesmis, ici bos, beyazdan
sarimsi kahverengiye degisen tonlardadir. Etli kisim sert,
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elastik ve kalindir. Askuslar 280-310 x 21-23 pm, silindir

veya ¢comak seklinde, sekiz sporlu, renksiz ve inamiloittir.

Parafizler 10-13 um genistiginde, silindir veya gomak

seklinde, bolmeli ve renksizdir. Askosporlar 21- 23.5 x

12.5-15 pm, eliptik, purizslz, kalin duvarli, renksiz ve

inamiloittir. GenBank numalari: MT435008 ve MT430911.
4. Morchella eximia Boud. (1910) (Sekil 5).

Syn.: Morchella conica var. acuminata J. Kickx f.
(1867), M. conica subsp. acuminata (J. Kickx f.) Sacc.
(1889), M. costata var. acuminata (J. Kickx f.) Boud.
(1897), M. eximia f. schizocostata Jacquet. (1985), M.
eximia f. acuminata (J. Kickx f.) Clowez (2012), M. eximia
f. multiformis Clowez (2012).

Makroskobik ve mikroskobik dzellikler

Askokarp 60-80 mm boyunda, sapka ve saptan
meydana gelmistir. Sapka 40-50 x 30-40 mm, silindir
veya koni seklinde, Gzerinde gukurlar ve kaburga benzeri
cikintilar mevcut, sarimsi, solgun kahverengiden koyu
kahverengiye degisen tonlardadir. Sap 20-30 x 15-25
mm, silindir seklinde ve taban kismi hafifge siskinlesmis,
ici bos, beyazdan sarimsi kahverengiye degisen
tonlardadir. Etli kisim sert, elastik ve kalindir. Askuslar
260-300 x 20-23 upm, silindir seklinde, sekiz sporlu,
renksiz ve inamiloittir. Parafizler 10-14 ym genistiginde,
silindir veya c¢omak seklinde, bdlmeli ve renksizdir.
Askosporlar 20- 23 x 12-14 ym, purlzsuz, eliptik, kalin
duvarl, renksiz ve inamiloittir. GenBank numaralari:
MT435009 ve MT430984.

5. Morchella importuna M. Kuo, O'Donnell & T.J.
Volk (2012) (Sekil 6).

Makroskobik ve mikroskobik 6zellikler

Askokarp 130-160 mm boyunda, sapka ve saptan
meydana gelmistir. Sapka 80-100 x 35-45 mm, koni veya
genisce koni seklinde, Uzerinde grimsi kahveringiden
koyu kahverengiye degisen tonlarda, birincil dikey, ¢ok
sayida yatay kaburga benzeri ¢ikintilar ve griden gri-
kahverengiye degisen tonlarda g¢ukursu yapilar
mevcuttur. Sap 50-60 x 25-40 mm, gomak seklinde ve
taban kismi siskinlesmis, i¢i bos, beyazdan acik
kahverengiye degisen tonlardadir. Etli kisim sert, elastik
ve kalindir. Askuslar 260-300 x 18-24 um, silindir
seklinde, sekiz sporlu, renksiz ve inamiloittir. Parafizler 8-
13 um genistiginde, silindir veya comak seklinde, bolmeli
ve renksizdir. Askosporlar 21-23 x 12-13 um, purtzslz,
eliptik, kalin duvarl, renksiz ve inamiloittir. GenBank
numaralari:  MT435015, MT435012, MT430989,
MT430969, MT430941 ve MT430882.

6. Morchella  mediterraneensis H. Taskin,
Biyukalaca & H.H. Dogan (2016) (Sekil 7).

Makroskobik ve mikroskobik 6zellikler

Askokarp 50-60 mm boyunda, sapka ve saptan
meydana gelmistir. $Sapka 30-35 x 20-25 mm, koni veya
yumurta seklinde, tzerinde cukurlar ve kaburga benzeri
cikintilar mevcut, sapa belirgin dar bir girintiyle baglanir,
baslangicta meneksemsi siyah, gelisme ilerledik¢e koyu
siyaha doner. Sap 20-25 x 10-20 mm, silindir seklinde ve
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taban kismi sigkinlesmisg, ici bog, beyazdan acik bal
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kahverengisine degisen tonlardadir. Etli kisim sert,
elastik ve kalindir. Askuslar 280-300 x 20-22 pym, silindir
seklinde, sekiz sporlu, renksiz ve inamiloittir. Parafizler
10-13 pum genistiginde, silindir seklinde, bdlmeli ve
renksizdir. Askosporlar 21-23 x 12-13 pm, purizsiz,
eliptik, kalin duvarli, renksiz ve inamiloittir. GenBank
numaralari: MT435014, MT435011, MT435010 ve
MT435007.
7. Morchella tridentina Bres. (1892) (Sekil 8).

Syn.: Morchella elatoides Jacquet. (1984), M.
elatoides var. elegans Jacquet. (1984), M. conica var.
pseudoeximia Clowez (2012), M. quercus-ilicis Clowez, L.
Ballester & L. Romero, in Clowez (2012), M. frustrata M.
Kuo, in Kuo, Dewsbury, O'Donnell, Carter, Rehner,
Moore, Moncalvo, Canfield, Stephenson, Methven & Volk
(2012).

Makroskobik ve mikroskobik dzellikler

Askokarp 100-120 mm boyunda, sapka ve saptan
meydana gelmistir. Sapka 60-70 x 25-40 mm, koni veya
genisge koni seklinde, Uzerinde az veya c¢ok aralikh
parallel kaburga benzeri birincil ¢ikintilar, merdiven
benzeri bir desen olusturan ikincil enine g¢ikintilar ve bu
cikintilarla uyumlu ¢ukurlar bulunmakta, gencken grimsi
tonlarda, gelisme ilerledik¢e grimsi kahverengi, grimsi bej
tonlarda ve yer yer kirmizimsi veya turncu lekere sahiptir.
Sap 40-50 x 20-25 mm, silindir seklinde ve taban kismi
siskinlesmis, ici bos, kirli beyazdan agik sarimsi
kahverengiye degisen tonlarda, Uzerinde vyer yer
kirmizimsi lekeler mevcuttur. Etli kisim sert, elastik ve
kalindir. Askuslar 280-310 x 20-24 um, silindir seklinde,
sekiz sporlu, renksiz ve inamiloittir. Parafizler 12-15 ym
genigliginde, silindir seklinde, bdlmeli ve renksizdir.
Askosporlar 21-23 x 12-13 pm, plruzsiz, genisge
eliptik, kalin duvarli, renksiz ve inamiloittir. GenBank
numaralari: MT430968 ve MT430881.

Calismada, toplanan ve 50 Uyeden olusan
Morchella koleksiyonundaki tim o6rnekler, oncelikle ITS
rDNA gen bdlgesi ile taranmis ve Sequencher version
5.4.5 (Gene Codes, Ann Arbor, MI) programi kullanimi ile
%100’lGk benzerlik oraninda karsilastiriimislardir. Bu
karsilastirma sonucunda, %100 benzer olan érneklerden
secilen drneklerle (10 adet) (Tablo 2), ITS rDNA ve 28S
rDNA (LSU) gen bodlgelerinin birlestiriimis sekilde
Maksimum Likelihood (ML) analizi ile MEGA 7.0
programinda filogenetik agac¢ olusturulmustur. Grubu
temsilen secilen drneklerin, yaniltici olmamasi igin, DNA
dizilerinin hem ileri hem de geri primer ile kaliteli ¢iktigi
koleksiyonlarin segimine dikkat edilmigtir. Degerlendirilen
koleksiyondaki tir tahminleri de Tablo 3’de sunulmustur.

Molekdler olarak yapilan degerlendirmelerde, Sekil
1’de de gorildigu gibi, her bir klatta kimelenen tirler
yuksek bootstrap degeri almistir. Bootstrap degerinin
%70Q'in Uzerinde olmasi o6rneklerin topolojik olarak
benzerliklerini gostermektedir. Boylelikle analiz edilen
bitliin érneklerin bootstrap degerinin yliksek olmasi, bu
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turlerin  filogenetik agacta glvenilir bir sekilde
kiimelendigini gdstermektedir. Agacin en yiksek log
likelihood degeri -2584.60 olmustur. Boélgeler arasindaki
evrimsel hiz farkhliklarini modellemek igin ayrik bir Gama
dagihmi kullanilmigtir (5 kategori (+G, parametre =
2.5104)). lligkili taksonun birlikte kiimelendigi agagclarin
yuzdesi, dallarin yaninda go6steriimektedir. Analiz, 19
nukleotid dizisini icermektedir. Bosluklar ve eksik veriler
iceren tum pozisyonlar ortadan kaldiriimistir. Bu ¢alisma
kapsaminda Genbankasina ylklenen sekanslar, toplayici
numarasi ile birlikte koyu harflerle gosterilmistir. Dis grup
olarak Gyromitra gigas kullaniimistir.

Tartisma

Calisma sonugclarina goére; HT554 nolu 6rnek M.
dunensis, HT593 nolu 6rnek M. tridentina, HT628, HT669
ve HT670 nolu drnekler M. importuna, HT630 nolu érnek
M. eximia, HT667 nolu 6érnek M. dunalii, HT693 ve HT698
nolu érnekler M. mediterraneensis ve HT690 nolu drnek
M. deliciosa olarak gérinmektedir (Sekil 1).

Morchella deliciosa Fr. (Mel-26), Taskin ve ark.
(2010, 2012) tarafindan yapilan Turkiye Morchella cinsi
cesitliliginin ¢oklu gen bdlgeleri DNA dizi analizlerine
dayali ydntemlerle arastiriimasi ¢alismasinda, filogenetik
adi Mel-26 olarak, 819-1593 m ylikseltiler arasinda; Pinus
brutia, Pinus nigra ve Pinus sylvestris ormanlarindan
toplanilimistir. Calisma silresince, 500’ yakin 06rnek
iceren koleksiyondan sadece 9 adet érnek M. deliciosa
olarak tanimlanmigstir. Richard ve ark. (2015) tarafindan
yapilan galismada, ITS gen bélgesi DNA dizi analizleri ile
M. deliciosa, Mel-13’den ayirt edilememistir. Ancak, ¢ok
genli filogenetik analizlerle ayrim yapilabilmigtir.
Arastiricilar, Mel-26'ya ait DNA dizilerinin, sadece
Tarkiye’den vyayinlandigini ve vyaptiklari g¢alisma ile
Fransa’dan elde edilen DNA dizilerinin de eklendigini
bildirmislerdir. Richard ve ark. (2015)’'nin galismalarinda
bu tir, Buxus sempervirens’e yakin Picea abies altinda,
yash P. abies, Larix decidua ve Fraxinus excelsior altinda
kaydedilmistir. Loizides (2017) bu tirin kayith oldugu
ulkeleri; Fransa, Isvec ve Tiirkiye olarak belirtmistir. Bu
galismada, bu tlre giren dérneklerin tamami hem 2017
hem de 2018 yilinda toplama yapilan Isparta ilinin 986-
1734 m yulkseltileri arasinda, Juniperus spp. ve Abies
spp. ormanlarindan kaydedilmigtir (Sekil 2). Daha 6nce
Turkiye’de Tagkin ve ark. (2010, 2012) calismalarinda,
daha c¢ok Pinus spp. ormanlarinda, bu turin varhgi
bildirilmistir.

Morchella dunalii Boud. (Mel-25), Boudier (1887)
tarafindan, Montpellier-Fransa’da, bir Akdeniz
koleksiyonunun su boyamaya dayali teknikle tanimlanan
ilk Morchella tiri olmus ve Moreau ve ark. (2011)
tarafindan yayinlanmigtir. Richard ve ark. (2015)
tarafindan, Fransa ve ispanya’da bu tiriin tipik olarak
kirecli topraklarda Quercus ilex altinda kaydedildigi,
ancak Taskin ve ark. (2012) ¢calismalarinda Mel-25 olarak
Pinus spp. ormanlarindan toplanildigi bildirilmistir.
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Loizides ve ark. (2016) bu turG Kibris’da Pinus brutia,
Cistus parviflorus, C. salvifolius, C. creticus, Quercus
coccifera spp. calliprinos, Arbutus andrachne, Mirtus
communis ve Olea europaea ormanlarinda
kaydetmislerdir. Loizides ve ark. (2016) tarafindan,
genellikle Subat ayinin sonundan Nisan ayinin baglarina
kadar ¢ikan ilk kuzugtbeklerinden olarak, genellikle 200-
1000 m arasinda degisen yukseltilerde; nemli, yosunlu,
Pinus brutia ormanlarinda, bazen de herdem vyesil
Quercus standlarinda veya Cistus alanlarinda, kiregli
topraklarda rapor edilmistir. Moreau ve ark. (2011)
tarafindan, bu yaygin ve sik rastlanilan Akdeniz tiriinin,
yuksek oranda ekolojik ve morfolojik degisimler
gOstermesi nedeni ile siklikla M. conica, M. delicosa ve
M. purpurascens olarak  yanlis  adlandinldigi
kaydedilmistir (Loizides ve ark., 2016). Taskin ve ark.
(2010, 2012) tarafindan yapilan c¢alismalarda, bu tur
Tuarkiye'de galisma siresince en fazla rastlanilan tginci
tir olmus (M. tridentina ve M. mediterraneensis’den
sonra), 18-1048 m vyukseltiler arasinda; Pinus brutia,
Pinus nigra, Pinus sylvestris ve Quercus spp. karisik
ormanlarindan toplaniimistir. Loizides (2017) bu tirin
kayith oldugu Ulkeleri; Kibris, Fransa, ispanya ve Turkiye
olarak bildirmigtir. Bu c¢alisma suresince incelenen
koleksiyonda bu tire giren oOrnekler, Canakkale ve
Balikesir illerinde, 407 m yukseltide P. brutia ve Cistus
spp. ormanindan kaydedilmistir (Sekil 3).

Morchella dunensis (Castafiera, J.L. Alonso & G.
Moreno) Clowez, ilk defa Morchella esculenta olarak
Castafiera ve Moreno (1996) tarafindan kesfedilmis,
sonrasinda Clowez (1997) tarafindan farkh bir tir olarak
tanimlanmistir. Richard ve ark. (2015) tarafindan bu tar
Morchella vulgaris’e filogenetik yakinlik nedeni ile
konspesifik olarak tanimlanmistir. Loizides ve ark. (2016)
daha ileri molekiler analizler ve 6érneklemeler sonucu ise
iki tdr icerisindeki iligkilerin yakin oldudunu, ancak
filogenetik farkhliklar oldugunu rapor etmislerdir. Ayni
zamanda, Morchella andalusiae’nin filogenetik olarak
dunensis ile sinonim olabilecegini bildirmislerdir. Bu tdr,
ilk cok genli filogenetik analizlerde Mes-17 olarak
isimlendirilmigtir. Taskin ve ark. (2010, 2012) tarafindan
yapilan calismalarda, Mes-17 tiriine rastlanmis ve M.
vulgaris olarak isimlendirilmigtir. Sonrasinda Loizides ve
ark. (2016) tarafindan vyapilan calismada, Turkiye
orneklerinin M. dunensis ile daha yakin oldugu tespit
edilmigtir. Bu iki tdr arasindaki iligkiler, karisik
gOrinmektedir. Bu ¢alisma igin olusturulan koleksiyonda
da Mes-17 tiarine rastlanmis ve M. dunensis olarak
degerlendirilmistir. Taskin ve ark. (2010, 2012) tarafindan
yapllan galismada, bu tlre ait 17 6rnek toplanmis ve
filogenetik olarak degerlendirilmistir. Orneklerin cogu
Adana ve Antalya illerinden, yani Akdeniz Bdlgesi'nden
toplanmistir. Sadece bir oOrnek Canakkale ilinden
kaydedilmistir. YUkselti 248 ile 893 m arasinda olmus ve
tim ornekler Pinus brutia ormanlarindan toplaniimistir.
Richard ve ark. (2015) galismasinda bu tire yakin agag
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turleri; Fraxinus excelsior, Ranunculus ficaria, Ammophila
arenaria, Hedera helix, Robinia pseudoacacia, Crataegus
oxyacantha, Sorbus aucuparia, Ulmus laevis, U. minér,
Ribes nigrum, Abies concolor, Acer pseudoplatanus,
Fraxinus angustifolia, Castanea sativa ve Populus nigra
olarak sunulmustur. Sunulan bu c¢alismada incelenen
ornek, Canakkale ilinden toplaniimistir (Sekil 4). Daha
once Taskin ve ark. (2010, 2012) calismalarinda da
incelenen ornekler, P. brutia.  ormanlarindan
kaydedilmistir.

Morchella eximia Boud. (Mel-7), Taskin ve ark.
(2010, 2012) tarafindan yapilan ¢alismalarda, filogenetik
adi Mel-7 olarak, 180-761 m yukseltiler arasinda, sadece
yanmis alanlardan toplaniimistir. Calisma siresince,
500’e yakin 6rnek igceren koleksiyondan sadece 28 adet
ornek M. eximia olarak tanimlanmistir. Richard ve ark.
(2015) tarafindan yapilan ¢alismada da bu tir, yangin
sonrasl mantari (post-fire) olarak tanimlanmig ve yanmis
Pinus nigra subsp. laricio, Pinus pinaster, Arbutus unedo,
Eucalyptus diversicolor, Pinaceae ve Thuja plicata
ormanlarindan kaydedilmistir. Turkiye’de ise yanmis
Pinus brutia, Pinus nigra ve Quercus spp. ormanlarindan
toplaniimigtir. Bu tdr; Arjantin, Avustralya, Kanada, Cin,
Kibris, Fransa, Kuzey Amerika, ispanya ve Turkiye'de
kaydedilmigtir (Loizides ve ark., 2016; Loizides, 2017).
Yine Kibris’da 2 yil 6nce yanmis P. brutia ormanlarinda
rapor edilmistir (Loizides ve ark., 2016). Bu ¢alismada bu
tire giren Oornekler, Tagkin ve ark. (2010, 2012)
galismalari ve tim dinya ile uyumlu olarak sadece yanik
alanlarda, Edirne ilinde 48-90 m yikseltiler arasinda ve
Kars ilinde kaydedilmistir (Sekil 5).

Morchella importuna M. Kuo, O'Donnell & T.J. Volk
(Mel-10), Kuo ve ark. (2012) tarafindan yapilan bir
galismada isimlendirilmistir. Kuo ve ark. (2012),
Kuzeybati Pasifik ve Kuzey Kaliforniya’daki bahgelerde,
yetistiricilerde, aga¢ yonga yataklarinda ve kentsel peyzaj
dizenlemelerinde, Mart-Mayis aylarinda kaydedildigini
bildirmislerdir. Bu tir; Morchella elata Fr., Morchella
vaporaria Bartayrés ex Brond. ve Morchella hortensis ile
sinonim olarak distiniimektedir (Richard ve ark., 2015).
Loizides ve ark. (2016)'na gore M. importuna; Kanada,
Cin, Kibris, Finlandiya, Fransa, Alimanya, Kuzey Amerika,
ispanya, Isvigre ve Tirkiye’de kaydedilmistir. Kibris’da
Malus domestica bahc¢esinden toplanmistir (Loizides ve
ark., 2016). Richard ve ark. (2015)’nin galismalarinda;
Pyrus, Malus ve Cydonia oblonga altinda kayitlar rapor
edilmistir. Tagkin ve ark. (2010, 2012) tarafindan yapilan
g¢alismalarda, bu tur Turkiye'de galisma siresince en
fazla rastlanilan besinci tir olmus (M. tridentina, M.
mediterraneensis, M. dunalii ve M. purpurascens’den
sonra), hem yanmis hem de yanmamis alanlarda, 180-
1449 m yukseltiler arasinda; Pinus brutia, Pinus nigra,
Pinus sylvestris, Quercus spp., Populus spp. ve Abies
spp. karnigik  ormanlarindan  toplanmigtir.  Diger
calismalarda oldugu gibi, Turkiye'de de meyve
bahcelerinde (Malus communis ve Citrus spp. gibi) sik¢ca
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rastlaniimaktadir. Bu tlrdn saprop oldugu
distnilmektedir (Richard ve ark., 2015). Bu galismada
incelenen koleksiyon icerisindeki bu tire giren érnekler,
daha 6nce Tagkin ve ark. (2010, 2012) ¢alismalarinda da
oldugu gibi hem yanik hem de yanik olmayan alanlardan
toplaniimistir.  Yanik olmayan sahadan kaydedilen
ornekler, Adana ili Feke ilgesinden, 625-741 m
yukseltilerden  Pinus  brutia ve Arbutus spp.
ormanlarindan toplanmigtir. Yanik sahadan elde edilen
ornekler ise Adana, Edirne (48-93 m yikseltilerden) ve
Balikesir (195-208 m ylkseltilerden, yangin dncesi P.
brutia varligi bilinmektedir) illerinden kaydedilmistir (Sekil
6). Ayrica bir érnekte, Balikesir'de bir evin bahgesinden
toplanmistir.  Yukarida sunulan  bilgilerden, ev
bahcgelerinde ve meyve bahgelerinde sik¢a karsilasilan
bir tir oldugu acikg¢a goérilmektedir.

Morchella mediterraneensis Taskin, Blylkalaca &
H.H. Dogan (Mel-27), Taskin ve ark. (2016) tarafindan
¢oklu gen bolgeleri DNA dizi analizlerine dayanarak yeni
bir tir olarak tanimlanmigtir. Tagkin ve ark. (2010, 2012)
tarafindan yapilan calismalarda, bu tir Turkiye'de
calisma suresince M. tridentina’dan sonra en fazla
rastlanan tlr olmustur. Tarkiye’de bu tur, 1335-1685 m
yukseltiler arasinda; Pinus brutia, Pinus nigra, Juniperus
spp., Abies spp., Cedrus spp., Populus spp., Quercus
spp. karisik ormanlarinda, ¢ogunlukla Akdeniz
Bolgesi'nde tespit edilmistir. Loizides (2017), bu tirun
ispanya’daki varligini da rapor etmistir. Kibris ve
Yunanistan’da da varhigi bilinmektedir. Bu ¢alismada
incelenen koleksiyonda bu tirre giren 6rnekler; Isparta ve
Adana illerinden 1186-1719 m yiikseltilerde, Pinus brutia,
Pinus nigra, Juniperus spp. ve Abies spp. ormanlarindan
toplanmistir (Sekil 7). Yani yine Akdeniz Bolgesi
koleksiyonlari, bu tir icerisine yerlesmistir.

Morchella tridentina Bres. (Mel-2), Kuo ve ark.
(2012) tarafindan, coklu gen bdlgeleri DNA dizi
analizlerine  gore, Morchella  frustrata  olarak
tanimlanmistir. Sonrasinda, Loizides ve ark. (2015)
tarafindan yapilan bir gcalismada, ITS, TEF1 ve RPB2 gen
bdlgelerinin sekans analizlerine gore, M. tridentina ile M.
elatoides, M. quercus-ilicis ve M. frustrata sinonim olarak
Onerilmistir. Richard ve ark. (2015) tarafindan yapilan
calismada da M. elatoides ve M. elatoides var. elegans
(Clowez, 2012), M. frustrata (Kuo ve ark., 2012) ve M.
tridentina sinonim olarak kaydedilmistir. Loizides ve ark.
(2016); Arjantin, Ermenistan, Sili, Kibris, Fransa,
Hindistan, italya, Kuzey Amerika, ispanya ve Tirkiye'de
bu turdn varhigini bildirmiglerdir. Taskin ve ark. (2010,
2012) tarafindan yapilan Turkiye Morchella cinsi
cesitliliginin ¢oklu gen bdlgelerinin DNA dizi analizlerine
dayall yontemlerle arastiriimasi galismasinda, bu tir
Tirkiye’'de galisma siresince en fazla rastlanan tir olmus
ve yogunluklu olarak Akdeniz Boélgesi’nde kaydedilmistir.
Loizides ve ark. (2015) bu turt genellikle Akdeniz'de, 500
m'den fazla yukseklikte, genis yaprakl, karisik ve igne
yaprakli ormanlik alanlarda, kiregtasi, nétr veya hafif asitli
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topraklarda, kalkerli alanlarda, kum ve ayrica orman
humusu Uzerinde Mart ayinin sonuyla Mayis ayinin
baslari arasindaki ihk dénemlerde tespit etmiglerdir. Ayni
zamanda calismalarinda; Quercus, Arbutus, Olea, Abies,
Pinus, Alnus, Pseudotsuga, Corylus, Fraxinus, Castanea
vb. yakinlarinda rapor edildigini de eklemislerdir. Kuo ve
ark. (2012) tarafindan ise farkli yikseltilerde; Arbutus
menziesii Pursh, Quercus spp., Pseudotsuga menziesii
(Mirb.) Franco, Pinus ponderosa Laws., Pinus
lambertiana Dougl. ve Abies concolor (Gord. & Glend.)

Lindl. gibi farkh tirlerin dominant oldugu karisik
ormanlarda Nisan ayinda, ABD’de Kaliforniya ve
Oregon’da tespit edilmistir. Tarkiye'de ise farkh

lokalitelerde, 241-1484 m ylkseltilerde, Pinus brutia,
Pinus nigra, Quercus spp., Cedrus spp., Abies spp.,
Castanea sativa ve Juniperus spp. ormanlarinda tespit
edilmistir (Taskin ve ark., 2010, 2012). Bu ¢alismada, bu
tur icerisinde incelenen drnekler ise Canakkale ilinden ve

Isparta ilinden Juniperus spp. ve Abies spp.
ormanlarindan, 386-1694 m yikseltilerden toplanmistir
(Sekil 8).

Calisma ile tespit edilen bu tirler, daha &6nce
Tagkin ve ark (2010, 2012) calismalarinda da tespit
edilen tdrler olmuslardir. Yeni koleksiyonlarin molekuler
kanith bir sekilde eklenmesiyle, incelenen drnek sayisi
artinlmistir. M. mediterraneensis, zaten Taskin ve ark
(2016) tarafindan isimlendirilmis bir tir olup, yogun olarak
Akdeniz tlkelerinde tespit edildigi igin, “mediterraneensis”
adi verilmistir. Loizides (2017) tarafindan bu tirGn Turkiye
ve Ispanya’dan kayd bildirimis ve habitati cogunlukla
kozalakli agagh ormanlar olarak tanimlanmistir. Son
zamanlarda bu tirin Kibris ve Yunanistan gibi diger
Akdeniz Ulkelerinde de varligi bilinmektedir. M. tridentina
ve M. frustrata tirleri sinonim tirler olup (Kuo ve ark.,
2012; Richard ve ark., 2015), olgun halinde molekuler
destek olmadan da tespit edilebilen nadir turlerdendir.
Elata (siyah) Morchella grubunda yer alan bu tir, diger
siyah grup tirlerinin tersine koyulasmis sirta sahip
olmayan tek tir olarak gézlemlenmistir (Loizides ve ark.,
2015, 2016; Loizides, 2017). Tirln diger sinonim isimleri,
Loizides (2017) tarafindan M. quercus-ilicis, M. frustrata,
M. elatoides, M. elatoides var. elegans, M. conica var.
pseudoeximia olarak belirtiimistir. TUr ayni zamanda
Lozides (2017) tarafindan, biyuk olasilikla biotropik veya
ic simbiyotik (endofitik) olarak tanimlanmigstir. Daha 6nce
Taskin ve ark (2010, 2012) galismalarinda M. tridentina,
Tuarkiye'de en fazla rastlanan kuzugébegi tirl olmustur.
M. importuna’da Ulkemizde daha dnce yogdun tespit edilen
turlerden birisi olmustur. Bu tirin en ilging dzellikleri; ev
bahgeleri, yol kenarlari, meyve bahcgeleri gibi ormanlik
alanlar diginda en fazla rastlanan tir olmasi ve ayni
zamanda hem yangin gérmus hem de gérmemis
alanlarda gorilmesidir. Ulkemiz koleksiyonunda da hem
yangin gérmus hem de gérmemis alanlardaki érnekler bu
grupta yer almis ve ev bahgeleri ve peyzaj alanlarindan
toplanan tirlerde, yine bu gruba yerlesmistir. Loizides
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(2017) tarafindan bu turlin sinonimleri; M. elata, M.
hortensis, M. pragensis ve M. vaporaria olarak rapor
edilmig, goruldigu habitat ise fakultatif, yakilmis zeminde
gelisebilen (pirofilik), 1-2 yasindaki yanmis ormanlarda,
zarar gérmUs alanlarda, odunluk alanlarda, ayni zamanda
Malus altinda olarak tanimlanmistir. Son zamanlardaki
molekiler veriler esliginde, M. elata olarak bilinen turin
bu tir olduguna dair dnemli kanitlar sunulmustur (Richard
ve ark., 2015; Loizides ve ark., 2016; Loizides, 2017). M.
eximia, Ingilizce “post-fire” olarak adlandirilan yangin
sonrasl mantari olarak da bilinmektedir. Loizides (2017)
tarafindan sinonimleri M. anthracophila, M. carbonaria ve
M. septimelata; habitati ise kesinlikle zorunlu olarak
yakilmig zeminde geligebilen (pirofilik), 1-2 yasindaki
yanmis kozalakli ormanlar olarak tanimlanmistir.
Kuzugdbegi mantari tlrlerinde yangin sonrasi ¢ikigin
mekanizmasi tam olarak ¢ézilmemis olmakla birlikte,
bazi tahminler bulunmaktadir. Bu tahminlerden bazilari,
yangin sonrasi steril alanlarin elde edilmesi ve 6lmek
Uzere olan agaclarla baglantidir (Greene ve ark., 2010;
Loizides, 2017). Bu durum, Elata (siyah) Morchella
grubunda  gorllirken, Esculenta  (sar)  grupta
gorilmemektedir. Loizides (2017), Du ve ark. (2012b) ve
Loizides ve ark. (2016) calismalarina atfen, siyah grupta
goOrulen yangin sonrasi ¢ikisin, orman yanginlari gibi
rahatsizlik fenomeni ile basa ¢ikmak igin, sicak ve kuru
bolgelerde siyah  kuzugdbeklerinin  adaptasyonlari
kaynakli olabilecegini bildirmistir. Turkiye’de de bu tire
giren tum Ornekler, yangin gbérmus alanlardan
toplaniimistir (Tagkin ve ark., 2010, 2012; bu ¢alisma). M.
dunensis, Tagkin ve ark. (2010, 2012) calismalarinda
filogenetik adi ile Mes-17 olarak kaydedilmis ve
sonrasinda Mes-17, M. vulgaris olarak adlandinimigtir.
Ancak daha sonra yapilan c¢alismalarda, Turkiye'deki
orneklerin M. dunensis oldugu bildirilmistir (Loizides,
2017). Loizides (2017) bu tirin sinonimlerini; M.
esculenta f. dunensis, M. esculenta f. sterilis ve M.
andalusiae; habitatini ise muhtemelen saprofit, ayni
zamanda fakdltatif biotrofik veya i¢ simbiyotik (endofitik),
Malus altinda ve kum tepeleri olarak rapor etmistir. Kibris,
Tirkiye ve ispanya’da kaydedilen M. dunalii bir Akdeniz
tirG gibi gériinmektedir. Turkiye'de de yaygin rastlanan
bir tir olmustur (Taskin ve ark., 2010, 2012). M.
deliciosa’nin sinonim turleri Loizides (2017) tarafindan; M.
deliciosa var. elegans, M. deliciosa var. incarnata, M.
conica var. flexuosa, M. conica var. nigra, M. conica var.
violeipes ve Morilla deliciosa; habitati ise kozalakhlarla
iliskili, c¢ogunlukla Larix, Picea ve Pinus olarak
tanimlanmigtir. M. pulchella’nin habitati Loizides (2017)
tarafindan, hem genis yapraklilar hem de kozalakli
agaclar olarak rapor edilmis; Cin, Fransa ve Turkiye’den
kaydi bildirilmistir. Bu tdrlerin tamami zaten Tulrkiye'de
bilinmekle birlikte, DNA dizi analizleri iceren ek
koleksiyonlar saglanmis ve ileride yapilacak c¢alismalar
icin saklanmaktadir. Ayni zamanda, bu calisma ile bu
turlerin Tarkiye’nin farkli bélge ve illerindeki kayit sayisi



MANTAR DERGISI/The Journal of Fungus Ekim(2020)11(2)142-157

da artirilarak tlkemiz envanter kaydi ¢alismalarina katki Tesekkir

saglanmistir. Bu calisma, Cukurova Universitesi Bilimsel
Arastirma Projeleri Birimi (Proje No: FYL-2018-10495)
tarafindan desteklenmistir.

HT669 Morchella importuna
KMA485958 Morchella importuna
% IHT628 Morchelia importuna
JQ618537 Morchella importuna
HT670 Morchella importuna
HT630 Morchella eximia
100 IKM587980 Morchella eximia
bo) HT690 Morchella deliciosa
921 | KM588006 Morchelia deliciosa

o | (HT690 Morchella mediterraneensis
- HT698 Morchella mediterraneensis

99 UN085126 Morchella mediterraneensis

HT677 Morchella dunalii
E{JNOB& 37 Morchelia dunalii
[ HT593 Morchella tridentina
100 |KM587964 Morchelia tridentina
[ HT554 Morchella dunensis
100 | KU865007 Morchella dunensis
MH938668 Gyromitra gigas

0.10

Sekil 1. Kimura 2-parametre modeline dayanan Maximum Likelihood (ML) analizi ile gizilen Morchella cinsine ait bazi turler
icin ITS ve LSU rDNA gen bélgelerini iceren filogenetik agac.
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Sekil 3. Morchella dunalii: a. askokarp, b-e. askuslar ve parafizler, f. parafizlerin u¢ kismi, g. akroparafiz, h. askus tabani,
i. spor.
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Sekil 5. Morchella eximia: a. askokarp, b-e. askuslar ve parafizler, f. askus tabani, g. parafizin ug k|sm| h. sporlar.
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$ek|I 7. Morchella mediterraneensis: a. askokarp, b -C. askuslar ve paraflzler d. askusun bir bolumu e. askus tabani f-g.
parafizin ug kismi, h-i. spor
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Sekil 8. Morchella tridentina: a. askokap, b-c. askusl

L i fet

ar e parafizler,d. askus tabani, e-f. parafizi'n uc kléml, g. spor

Tablo 2. ITS rDNA+28S rDNA gen bolgeleri DNA dizi analizlerine gore filogenetik agag icin segilen drnekler ve ayni gruba
giren diger érnekler

Secilen koleksiyon numaralari Gruba ait diger 6rnekler

HT690 (90) HT682 (17), HT683 (42), HT685 (22), HT687 (105), HT690 (90),
HT694 (3), HT697 (86), HT707 (56)

HT677 (80) HT559 (10), HT562 (52), HT567 (104), HT587 (14), HT677 (80)

HT554 (44) HT554 (44)

HT630 (94) HT630 (94), HT631 (35), HT633 (81), HT715 (103)

HT628 (84), HT669 (98), HT670 (25) HT560 (15), HT628 (84), HT629 (110), HT640 (76), HT636 (75),

HT637 (71), HT641 (41), HT643 (39), HT644 (107), HT647 (96),
HT648 (73), HT650 (49), HT651 (106), HT653 (95), HT654 (72),
HT655 (47), HT668 (37), HT669 (98), HT670 (25), HT671 (55),
HT672 (51), HT678 (74), HT679 (93), HT680 (40)

HT693 (4), HT698 (83) HT605 (30), HT688 (24), HT689 (5), HT693 (4), HT698 (83),
HT593 (66) HT593 (66), HT601 (65), HT691 (63)
Tablo 3. ITS rDNA + 28S rDNA gen bolgeleri sonuglarina goére tir tahminleri
Kolleksiyon Tarler GenBank Benzerli Referans
Numaralari Numaralari k
HT690 (90) M. deliciosa KM588006 %100 Richard ve ark.
(2015)
HT677 (80) M. dunalii JN085137 %2100 Taskin ve ark.
(2012)
HT554 (44) M. dunensis JQ723102 %99.82 Du ve ark. (2012b)
KU865007 %99.71 Loizides ve ark.
(2016)
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HT630 (94) M. eximia KM587980 %99.86 Richard ve ark.
(2015)
HT628 (84) M. importuna KM485958 %99.31 Yayinlanmamis
JQ618537 %100 Du ve ark. (2012b)
HT669 (98) M. importuna KM485958 %99.31 Yayinlanmamis
JQ618537 %99.86 Du ve ark. (2012b)
HT670 (25) M. importuna KM485958 %99.31 Yayinlanmamig
JQ618537 %99.85 Du ve ark. (2012b)
HT693 (4) M. mediterraneensis JN085126 %2100 Taskin ve ark.
(2012)
HT698 (83) M. mediterraneensis JN085126 %2100 Taskin ve ark.
(2012)
HT593 (66) M. tridentina KM587964 %99.88 Richard ve ark.
(2015)
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Abstract: Phylloscypha boltonii is reported for the first time for the mycobiota of Turkey.
This species is the second member of the genus Phylloscypha Van Vooren in Turkey. A brief
description of the taxon is given together with the photographs related to its macro and

micromorphologies.

Key words: Ascomycota, Biodiversity, Mersin, Pezizales, Taxonomy

Phylloscypha boltonii, Tiirkiye Mikobiyotasi i¢in Yeni Bir Kayit

Oz: Phylloscypha boltonii Tirkiye mikobiyotasi igin ilk kez rapor edilmistir. Bu tir
Phylloscypha Van Vooren cinsinin Turkiye’'deki ikinci Uyesidir. Taksonun kisa bir betimlemesi,
makro ve mikromorfolojilerine ait fotograflari ile birlikte verilmigtir.

Anahtar kelimeler: Ascomycota, Biyogesitlilik, Mersin, Pezizales, Taksonomi

Introduction

Phylloscypha Van Vooren is an ascomycete
genus within the family Pezizaceae. It is a newly erected
genus and proposed by Van Vooren (2020). Based on
both morphological characters and molecular data
obtained from databases, he transferred five Peziza Dill.
Ex Fr. species with new names Phylloscypha boltonii
(Quél.) Van Vooren & Hairaud, P. coquandii (Donadini)
Van Vooren, P. labessiana (Boud.) Van Vooren, P.
phyllogena (Cooke) Van Vooren and P. retrocurvatoides
(Van Vooren) Van Vooren) with the type species P.
phyllogena (Van Vooren, 2020; Index fungorum,
accessed 28 August 2020). Members of the genus are
characterized by epigeous, sessile, cupulate ascomata
witih a distinctly furfuraceous or pustulate external
surface; a purplish-coloured flesh without latex; an
operculate, 8-spored asci with wall diffusely bluing in
iodine solution; hyaline paraphyses; eguttulate spores
with small polar granules and warty ornamentation.

The checklists (Sesli and Denchev, 2014; Solak et
al., 2015) don’t contain any member of the genus
Phylloscypha. But three papers (Acar et al.,, 2015;

Tarkekul and Isik, 2016; Sadullahoglu and Uzun, 2020)
reported the existance of P. phyllogena in Turkey.
According to the current checklists (Sesli and Dencheyv,
2014; Solak et al., 2015) on Turkish macromycota and
the later contributions (Kasik et al., 2017; Akcay et al.,
2018; Isik and Tuarkekul, 2018; Uzun et al., 2018, 2020;
Acar et al., 2019; Cadli et al., 2019; Keles, 2019; Sesli,
2019; Yakar et al., 2019; Yildiz et al., 2019), P. boltonii
hasn’t been reported from Turkey before.

The study aims to make a contribution to the
mycobiota of Turkey.

Material and Method
Fruit bodies of Phylloscypha boltonii were collected

in 2019 during a routine field trip in Silifke district of Mersin
Province. First they were photographed at their natural
habitats, and notes were taken related to their ecology,
morphology and geographic position etc. The collected
fruit bodies were put in paper boxes and transferred to the
fungarium. The samples were dried in an air conditioned
room. Microscopic investigations were carried out on dry
samples. A Nikon Eclipse Ci-S trinocular microscope was
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used for microscopic investigation and a DS-Fi2 digital

camera was used to obtain microstructural photographs.
The samples were identified according Seaver (1942);
Hohmeyer (1986); Lantieri (2004, 2005); Medardi (2006)
and Pancorbo and Ribes (2010). The specimens are kept
at Karamanoglu Mehmetbey University, Kamil Ozdag
Science Faculty, Department of Biology.

Results

Ascomycota Caval-Sm

Pezizomycetes O.E.Erikss. & Winka

Pezizales J.Schrét.

Pezizaceae Dumort.

Phylloscypha boltonii (Quél.) Van Vooren &
Hairaud

Syn: [Aleuria boltoni (Quél.) Gillet; Galactinia
boltonii (Quél.) Boud.; Peziza boltonii Quél.]

Macroscopic and microscopic features:
Apothecia 20-40 mm in diameter, sessile, cup to saucer
shaped, edges irregular, wavy and generally inrolled,

Ekim(2020)11(2)158-161

hymenial surface smooth, dark purplish to dark violet
when young, more brown when at maturity, outer surface
concolorous with the hymenial surface or lighter brown,
completely covered with small violet-black furfurations
(Fig. 1). Flesh brittle, dark purple.

Asci 245-275 x 15-18 um, cylindrical, operculate,
amyloid, uniseriate, eight-spored (Fig. 2a-e). Paraphyses
cylindrical, multi-septate (Fig. 2b,c), some slightly
thickened at the apex. Ascospores 15-18 x 7.5-9 um,
ellipsoidal, hyaline, biguttulated to without guttules,
ornamented with small warts (Fig. 2d-f).

Phylloscypha boltonii was reported to grow as
solitary or gregariously on sandy soil, dune with Pinus
spp., broadleaved shrubs (Lantieri, 2004; Medardi, 2006;
Pancorbo and Ribes, 2010), rarely on mosses and burnt
soil (Dougoud 2001; Lantieri et al., 2009).

Specimen examined: Mersin, Silifke, Kargicak
Village, Goéksu river bank, on sand and sandy soil,
36°26'N-33°38'E, 110 m, 29.10.2019, D.Kap.252;
09.11.2019, D.Kap.296.

Figure 1. Ascocarps of Phylloscypha boltonii on sand and sandy soil
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Discussions

Phylloscypha boltonii is reported for the first time
for the mycobiota of Turkey. Macroscopic and
microscopic characteristics of Turkish collection are in
accordance with those given in literature (Seaver, 1942;
Hohmeyer, 1986; Lantieri, 2004, 2005; Medardi, 2006;
Pancorbo and Ribes, 2010).

Phylloscypha boltonii is generally linked with sandy
soils but may also grow on burnt places. Though it has
some very marked macroscopic characteristics, it is
possible to confuse P. boltonii with numerous
macroscopically similar Peziza species like Pz. gerardii
Cooke, Pz. lividula W. Phillips, Pz. lobulata (Velen.), Pz.

moseri  Svrcek  Aviz.-Hersh. & Nemlich, Pz.
pseudoampelina Donadini, Pz. tenacella W. Phillips and
Pz. violacea Pers. But the microscopic characters of all
these taxa differentiate them from P. boltonii. Among
them Pz. gerardii and Pz. lividula has fusiform ascospores
while Pz. lobulata and Pz. moseri have smooth
ascospores. Like P. boltonii, Pz. pseudoampelina and Pz.
tenacella also have ornamented ascospores but the prior
species has quite larger ascospores (20-25 x 9.5-12 ym),
and the latter one has smaller ascospores (11-14 x 6-8
um) compared to that of P. boltonii. On the other hand Pz.
violacea has smaller and finely warty ascospores. Violet
coloration of Pz. violacea is also another differentiating
character between this species and P. boltonii (Lantieri,
2005; Medardi, 2006; Pancorbo and Ribes, 2010).

Figure 2. Asci (a-e), paraphyses (b,c) and ascospores (d-e) of Phylloscypha boltonii (bars: 10 ym; a,d,e,f in Melzer)
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Abstract: Mushrooms have been used for food and medicinal purposes since ancient
times. Especially mushrooms with therapeutic effects attract the attention of many research
groups. Besides, it is thought that the active compounds derived from fungi could potentially be a
valuable source of new anticancer agents. This study aims to evaluate the effects of methanolic
extract of Pleurotus ostreatus (Jacg.) P. Kumm. on the expression levels of some genes important
in the intrinsic pathway in apoptosis. For this purpose, after the mushroom samples were dried
without sunlight, extracts were prepared via Soxhlet apparatus by using methanol. Cytotoxic
effects of the extracts were evaluated with the MTT test. Real-time PCR was performed to
evaluate the expression levels of the four apoptotic genes (Hrk, Bax, Apafl and casp3). The
results of the MTT assay showed that the extracts obtained show a cytotoxic effect in a dose and
time-dependent manner. Also, methanolic extracts from P. ostreatus were found to cause
upregulation in expression levels of genes which related apoptotic cell death. In conclusion, this
study shows that P. ostreatus has a potential therapeutic effect on colorectal cancer and is
compatible with other studies of different types of cancer and cell lines. This study is a pioneering
study for future studies that will continue to identify the active substances in the extract and find
the molecular pathways of cell death.

Key words: cDNA, MTT, RT-PCR, Oyster mushroom, Turkey.

Pleurotus ostreatus (Jacq.) P. Kumm. Ekstrakti Bazi Apoptotik Genlerin
Ifadesini Degistirir

Oz: Mantarlar, eski caglardan beri yiyecek ve tibbi amaglarla kullaniimistir. Ozellikle tedavi
edici etkisi olan mantarlar bircok arastirma grubunun ilgisini ¢gekmektedir. Ayni zamanda,
mantarlardan tiretilen aktif bilesiklerin potansiyel olarak yeni antikanser ajanlarin degerli bir
kaynagi olabilecegi disinllmektedir. Bu ¢alismanin amaci, Pleurotus ostreatus (Jacq.) P.
Kumm'un metanolik ekstraktinin apoptozda intrinsik yolda énemli olan bazi gen bdlgelerinin
ekspresyon seviyeleri Uzerindeki etkilerini degerlendirmektir. Bu amagla mantar érnekleri glines
Is1g1 gérmeden kurutulduktan sonra Soxhlet cihazi ile metanol kullanilarak ekstraktlar hazirlandi.
Ekstrelerin sitotoksik etkileri MTT testi ile dederlendirildi. Gergek zamanl PCR ile, dort apoptotik
gen bolgesinin (Hrk, Bax, Apafl ve casp3) ekspresyon seviyelerini degerlendirildi. MTT testinin
sonuglari, elde edilen ekstrelerin doza ve zamana bagli bir sekilde sitotoksik bir etki gosterdigini
gostermistir. Bununla birlikte P.ostreatus’tan elde edilen metanolik 6zutlerin apoptotik hicre
olimayle iligkili gen bolgelerinin ekspresyon seviyelerinde upreglilasyona neden oldugu bulundu.
Sonug olarak, bu galisma ile, P. ostreatus'un kolorektal kanser (izerinde potansiyel bir terapotik
etkiye sahip oldugunu ve bu durumun farkh kanser turleri ve hicre dizileri ile ilgili diger
galismalarla uyumlu oldugunu goéstermektedir. Bu c¢alisma, ekstraktaki aktif maddeleri
tanimlamaya ve hucre 6lumunin molekiler yollarini bulmaya devam edecek gelecekteki
calismalar i¢in dncu bir galismadir.

Anahtar kelimeler: cDNA, MTT, RT-PCR, Kavak Mantari, Turkiye.
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Introduction

Nature has been an important material and
source of inspiration for medicine since ancient
times. Throughout evolution, it produces, among
other things related to cancer treatment, a wide
variety of biologically active substances with
therapeutic potential (Blagodatski et al. 2018).
Recently, mushrooms have come to the fore as an
excellent antiinflammatory, antioxidant,
antidiabetic, anticancer, antimicrobial, prebiotic
and immunomodulatory resources (Barros et al.
2007; Kim et al. 2007; Sarikurkcu et al. 2008;
Synytsya et al. 2009).

Cancer is one of many types of diseases that
cause death and can occur in humans regardless
of age group, gender or race. Current anticancer
drugs on the market highlight the urgent need for
new, effective and less toxic therapeutic
approaches, leading to various side effects and
complications in the clinical management of
various types of cancer. In this context, the fungal
treatment of cancer is a hopeful scientific area
dealing with antitumor agents produced from fungi
and has been a complementary part of traditional
medicine since ancient times (Xu et al. 2012). P.
ostreatus is one of the medicinal mushrooms and
has various benefits such as antioxidant,
anticancer, blood pressure lowering and
cholesterol (Wasser, 2002; Lindequist et al. 2005;
Fan et al. 2006). Various studies have
demonstrated the antiproliferative and proapoptotic
effects of P. ostreatus on leukaemia, breast,
cervical, colon and prostate cancer cell lines (Lavi
et al. 2006; Gu &Sivam, 2006; Polyakov et al. 2007;
Jedinak and Sliva, 2008; Ekowati et al. 2017).

Apoptosis is programmed cell death and the
applied extract or active substance s
desired/expected to direct the cancer cells to
programmed cell death. This process is controlled
by intracellular and extracellular pathways. The
Bcl-2 family is the oncoprotein group, which
consists of antiapoptotic and proapoptotic
members and has the most important role in
regulating apoptosis (Altunkaynak & Ozbek 2008).
Bcl-2 family consists of two groups with opposite
effects. One of these groups is antiapoptotic (such
as Bcl-XL and Bcl-2), the other is pro-apoptotic
(such as Hrk, Bid, Bax, Apafl, Puma and Noxa).
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The sensitivity of cells to apoptotic stimulation
depends on the balance between pro-apoptotic
and antiapoptotic Bcl-2 proteins (Burlacu, 2003).
The aim of this study was to evaluate the effects of
P. ostreatus methanolic extract on expression
levels of Hrk, Bax, Apafl and casp3 genes, which
are important in the intrinsic pathway in apoptosis,
on the DLD1 cell line.

Material and Method

Material

In our study, the studied mushroom samples
were provided by Dr Sinan AKTAS. Samples were
dried without sunlight at room temperature. The
dried material was pulverized and prepared for
extraction process.

Preparation of extracts

P. ostreatus were extracted in absolute
methanol for 6-8h via Soxhlet apparatus then the
extract was filtered. The extract was concentrated
using a rotary evaporator. The extracts were stored
at -20 °C until use. The extract coded as POE.

Cell line and culture

DLD1 (human colorectal adenocarcinoma)
cells were obtained from ATCC and maintained in
RPMI 1640 medium containing 10% (v/v) heat-
inactivated fetal bovine serum (FBS), 1 % (v/v)
penicillin-streptomycin. Cells were incubated at 37
°C under 5 % CO:2 conditions.

Cell Viability Assay

Cell viability was determined via MTT assay.
Cells were seeded into a 96-well plate and treated
with P. ostreatus extracts (0—5 mg/ml) and then the
plates were incubated for 24 -48 hours. The optical
density of the plates was measured using the Elisa
microplate reader at 540 nm. Each experiment was
performed three times and mean values were
taken into consideration.

RNA isolation and Real-Time PCR

The DLDIcells (1 x 108 cells/mL) were
seeded in six-well plates and treated with different
concentrations of P. ostreatus extracts (0-1mg/ml)
for 24h at 37°C and 5% CO2. Total RNA was
isolated using Bio-Rad Aurum Total RNA Isolation
kit and cDNA was synthesized using Bio-Rad
cDNA synthesis kit. The expression levels of
apoptotic genes (Hrk, Bax, Apafl and casp3) were
evaluated via Real-Time PCR. Amplifications were
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performed using the Bio-Rad CFX Connect
system. The data were analysed by the
comparative CT method and the fold change was
calculated by 2-24Ct method. To confirm the
specificity of PCR products melting curve analysis
was performed. Results were determined by three
independent experiments and graphs were created
using mean values.

Evaluation of data

For evaluation of the data, multiple
comparisons were made using one-way variance
analysis followed by Dunnett's test for post hoc
analysis. The differences in p <0.05were
considered statistically significant.

Results

Cytotoxicity results

In this study, the cytotoxic activity of P.
ostreatus methanol extracts were determined by
using MTT test in DLD1 cell line exposed to
0.3125-5 mg/ml extracts in two 24- and 48-hours
incubation periods. Cell survival analysis showed
that P. ostreatus extract caused cell death of DLD1
cells in a dose and time-dependent manner. The
graphics of the MTT assay were given in Figure.l.
After 48 hours incubation, the extract showed the
most cytotoxic activity at the highest concentration
(5000 pg / ml) with 98% inhibition of cell growth.
The ICso dose for 48h was calculated as 1263 pg

/ml. These results show that methanolic extracts of
P. ostreatus have a cytotoxic effect on colon cancer
cells and suppress the proliferation.

Gene expression results

The mRNA levels of four genes involved in
different steps of apoptosis were studied by Real-
Time PCR. Gene expression changes were given
in Table 1 and Figure 2. First, when the expression
level of the Hrk gene located at the beginning of
apoptosis was evaluated, no difference was
observed at low doses compared to the control,
while a 1.2 and 2-fold increase was observed at
0.5mg and 1mg / ml doses, respectively. Another
gene, Bax, was evaluated, a concentration-
dependent increase in Bax gene expression was
observed at all doses administered. Bax
expression increased 2.41-7.54-fold in the applied
dose range. Looking at the Apafl gene expression,
it was found that the Apafl gene expression
reached its highest value at a dose of 0.5 mg/ml
and this increase was approximately 6.8-fold.
Finally, when the casp3 gene expression in the last
step of apoptosis was evaluated, a concentration-
dependent increase was observed like in the Bax
gene expression. This increase was calculated as
1.35-4.05-fold respectively. In general, we can
clearly say that POE induces apoptosis-related
gene expressions and the optimum concentration
for gene expressions is 0.5mg / ml.

Table.l. Gene expression fold changes by 2-24Ct calculation (st: stable)

POE extract conc. Gene expression fold change

Hrk Bax Apafl casp3
1mg/ml 2.05 7.54 2.31 4.05
0.5mg/ml 1.2 6.38 6.81 2.5
0.25mg/ml st 2.78 st 2.18
0.125mg/ml st 241 st 1.35
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Discussion

Triggering apoptosis in cancer cells is a valuable
therapy and it has been recognized that natural
substances derived from various sources can induce
apoptosis in various tumour cells.In this context,
mushrooms play a very important role as antitumour
agents. Edible mushrooms have been used for several
centuries as healthy nutritional supplements and as a
complementary therapy in chemotherapy and radiation
therapy against cancer side effects (Mizuno et al. 1995).
This study aims to determine the effects of methanolic
extract of P. ostreatus on the expression levels of some
genes that are important in the intrinsic pathway in
apoptosis. POE significantly induces the expression of
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the four apoptotic genes in a concentration-dependent
manner. Our results show that the treatment of cancer
cells with POE leads to changes in the expression pattern
of genes associated with apoptosis.

Expression changes in pro-apoptotic Bcl-2 members and
mitochondrial status of tumour cells are an important
indicator of their response (Czabotar et al. 2014; Montero
et al. 2015). Hrk is an important component in the
regulation of apoptosis in tumor cells, contains BH3 and
also regulates apoptosis by interfering with antiapoptotic
Bcl-xL and Bcl-2 proteins and blocking their functions
(Inohara et al.1997). In this study, POE upregulated Hrk
expressions compared to untreated cells. This may
indicate that Bcl-2 gene expression is suppressed. It is
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desirable that the Bax / Bcl-2 ratio, which is the key to
apoptosis, shifts to Bax. Bax is a pro-apoptotic gene
homologous to Bcl-2 (Oltvai et al. 1993). However, Bax
works as an apoptosis enhancer unlike Bcl-2, which has
antiapoptotic properties. In our study, Bax expression
levels increased depending on the concentration,
indicating that apoptosis was triggered in the intrinsic
pathway and correlated with Hrk gene expression. In
previous studies, it has been reported that extracts
obtained from P. ostreatus using different solvents
increase Bax expression, but the cell lines used (HT-29,
COLO-205 and KG-1) and the preparation method of the
extracts are different, our results are consistent with these
studies in terms of triggering Bax expression (Lavi et al.
2006; Arora &Tandon 2015; Ebrahimi et al. 2018). In the
mitochondrial pathway of apoptosis, the main soluble
receptor is Apoptotic protease-activating factor 1 (Apafl)
(Fulda& Debatin 2006). Apafl is the central component of
the apoptosome, which activates procaspase-9 following
cytochrome c release from mitochondria in the intrinsic
pathway of apoptosis (Gortat et al 2015). In our study,
Apafl expression was upregulated, indicating that the
apoptotic process is irreversible. The last gene caspase3
is a ruling caspase that is activated by the promoter
caspases and impairs the survival and integrity of
proteins. Death signals lead to the establishment of the
Bcl-2 family of apoptosis proteins, particularly Bax. These
proteins cause cytochrome c to be released out of the
mitochondria. The release of mitochondrial cytochrome ¢
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Oz: Gerronema Singer, G. nemorale Har. Takah. érneklerinin toplanip teshis edilmesine
bagh olarak Turkiye'den ilk kez rapor edilmigtir. Turl temsil eden drneklerin fotograflari ve kisa

betimlemesi kisa bir tartismayla birlikte verilmistir.

Anahtar kelimeler: Biyogesitlilik, Basidiomycota, Taksonomi, Rize

A New Genus (Gerronema Singer) Record for Turkish Mycota

Abstract: Gerronema Singer were reported for the first time from Turkey based on the
collection and identification of G. nemorale Har. Takah. samples. The photographs and a brief
description of the species were given with a short discussion.

Key words: Biodiversity, Basidiomycota, Taxonomy, Rize

Girig

Gerronema Singer, Marasmiaceae familyasina ait
bir cinstir ve ilk kez 1951 yilinda yayinlanmigtir. Singer
(1986) ve Latha ve ark. (2018) cinsin dinya genelinde 57
tirle temsil edildigini belirtmislerdir. Ancak Index
Fungorum veri tabaninda cinse ait 59 tur isminin var
oldugu gorulmektedir (giris tarihi 25 Haziran 2020).
Gerronema cinsine ait turler saprotrofit mantarlardir
(Pegler 1983) ve genel olarak kictik, omphalinoid veya
clitocyboid fruktifikasyon organlari, pigmentsiz veya
batinuyle  pigmentli  umbilikat, umbonat veya
infundibuliform sapka, dekurrent veya arkuat tarzda bagh
lameller, bazi tropik tlrler haricinde gergek sistidinin
yoklugu, velum artigi tagimayan merkezi veya eksentrik
iyi gelismis bir sap, purlzsuz, ince duvarli inamyloid
sporlar, sarkodimitik trama dokulari, cutis-tipi pileipellis
ile karakterizedir (Singer, 1986; Norvell ve ark., 2014;
Latha ve ark., 2018). Cins Uyelerinin genis bir yayilisinin
oldug@u bildirilmistir (Singer, 1986; Latha ve ark., 2018).

Tlrkiye mikobiotasina katkida bulunulmasi
amaclanan bu ¢alismada G. nemorale Glke mikotasi igin
yeni kayit olarak verilmistir.

Materyal ve Metot

Arastirma materyalini olusturan o6rnekler 2015
yilinda Rize ili lyidere ilge merkezi Leylekbogazi
mevkiinden toplanmistir. Arazi calismasi esnasinda
toplanan 6rneklerin ekolojik 6zellikleri kaydedilip dogal

ortamlarinda  makroskobik  fotograflari  gekilmistir.
Toplanan ornekler kagit kutular iginde fungaryuma
tasinmistir. Burada hava sirkilasyonu saglanmis
ortamda kurutulan 6rnekler polietilen torbalara konarak
fungaryum materyali haline getirilmistir. Mikroskobik
incelemelerde kuru materyaller kullaniimistir. Mikroskobik
yapilarin goézlem ve o6lgimleri icin Leica DM500 1sik
mikroskobu kullaniimis, mikromorfolojiye iliskin ¢ekimler
de bu mikroskoba monte edilen Leica ICC50 HD kamera
ile yapiimigtir. Mikroskobik yapilarin incelenmesi %5 KOH
ortaminda Kongo kirmizisi ile boyanarak yapilmigtir.
Arazi ve laboratuvar galismalari sonucunda elde edilen
veriler ilgili literatlr (Takahashi, 2000; Antonin ve ark.,
2008; Latha ve ark., 2018) ile karsilastirilarak érneklerin
teshisi  yapilmigtir.  Ornekler Van Ylzinci Yl
Universitesi'ndeki (VANF) fungaryumunda
saklanmaktadir.

Bulgular

Turkiye makromikotasina yonelik kontrol listeleri
(Sesli ve Denchev, 2014; Solak ve ark., 2015) ve bu
listeler sonrasinda yapilan galismalar (Uzun ve Kaya,
2018; Sesli ve ark., 2018; Akcay ve ark., 2018; Uzun et
al., 2018)'in incelenmesi sonucunda Gerronema cinsinin
ve G. nemorale tiriinin daha 6nce Turkiye'den rapor
edilmedigi belirlenmistir.
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Marasmiaceae Roze ex Kuhner

Gerronema nemorale Har. Takah.

Macroscopic and microscopic features: Sapka
7-14 mm. capinda, gencken yarim kire seklinde yizeyi
diz, plrizsiz, zeytinimsi kahverengi renkte, olgunlarda
ise dis bikey sekilde, yiizeyi radyal fibrilli, grimsi yesil ve
en sonunda ise donuk sari renktedir. Etli kisim ince, soluk
sarl renkte, koku ve tadi belirsizdir. Lameller sapa
dekurrent tarzda bagli, kismen genis yapili ve soluk sari
renklidir (Sekil 1). Sap 18-35 x 1-2 mm boyutlarinda,
silindirik, hemen hemen esit yapili fakat taban kismi
genisce, ylzeyi duz, i¢i bos, soluk sari renkte ve tabanda
beyaz misel yapilari mevcuttur. Spor baskisi beyazdir.
Sporlar 8.3-10.3 x 4.7-6 ym, genisce ellipsoid, yuzeyleri

diz, renksiz ve ince geperlidir (Sekil 2¢). Bazidiumlar 20-
40 x 4-9 um, silindirik ve 4 sporludur (Sekil 2a).
Kleosistidyumlar 35-50 x 6-7 um, klavat, sub-silindirik,
lageniform veya fusoid yapida ve ince ceperlidir.
Pleurosistidyumlar gézlenmemigtir. Pileipellis silindirik,
radyal sekilde organize, ince veya hafifce kalin ¢eperli,
diz veya divertikulat, 8 pm ‘ye kadar genislige ulasan
hiflerden  olusan cutis tipindedir  (Sekil  2b).
Caulosistidyumlar 20-45 x 6.0-9 um, silindirik veya
klavat, bazen diizensiz sekillidir.

incelenen Ornek: Rize, lyidere, Merkez
Leylekbogazi mevkii, kuru kizilaga¢ (Alnus glutinosa (L.)
Gaertn.) dali Gizer, 41°56'N-40°21'E, 45 m, 15.07.2015,
AK.2992.

Sekil 1. Gerronema nemorale’nin bazidiyokarplari

Tartisma

Japonya, Meksika ve Kore'den rapor edilen, ve
Kore ve Dogu Asya’da genis yayilisa sahip olabilecegi
belirtilen (Antonin ve ark., 2008). Gerronema nemorale
Turkiye'den ilk kez rapor edilmektedir. Tir Gerronema
cinsinin ilgili ilkemizde tespit edilen ilk Gyesidir.

Teshis edilen tire ait 6zellikler genel olarak literattr
(Takahashi, 2000; Antonin ve ark., 2008; Latha ve ark.,
2018) verileriyle uyumludur. Literatlirde verilen 6rnekler
Pasania edulis Makino, Quercus myrsinaefolia Blume,
Ligustrum japonicum Thunb. ve teshissiz yayvan yaprakl
aga¢ kalintilar Gzerinden (Takahashi, 2000; Antonin ve
ark., 2008) rapor edilmesine karsin bizim érnegimiz kuru
A. glutinosa dali Gizerinden toplanmistir.

Gerronema nemorale ve G. kuruvense
K.P.D.Latha & Manim’nin bazi benzerlikleri (sapka yapisi,

lamel yapisi, bazidiyor spor buyukligu, pleurosistidiyum
yoklugu) olmasina karsin, G. nemorale daha genis sapka
capl, sapka rengi, 4-sporlu basidiyumlari ve bol
kleiosistidiyumlu lamel kenarlari ile diger tirden ayirt
edilmektedir (Latha ve ark., 2018). Gerronema nemorale
ophalinoid fruktifasyon vyapisi, dizensiz silindirik
kleiosisditiyumlari ve habitati itibariyle G. icterinum
(Singer) Singer, G. tenue Dennis ve G. citrinum (Corner)
Pegler tirlerine de benzerlik gostermektedir. Ancak
kleiosistidiumsuz fertil lamel kenarlari bu turleri G.
nemarale’den ayirmaktadir. Gerronema citrinum ilave
bazi 6zellikleriyle (daha genis sapka g¢api, merkeze dogru
grimsi kahverengi sapka rengi ve iki sporlu bazidiyumda
gelisen daha kuglik bazidiyosporlar (6-7.5 x 3.5-4 um)) G.
nemorale’en ayrica farklihk goéstermektedir (Tkahashi,
2000).
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Figure 2. Gerronema nemorale’nin bazidiyumlari (a), pleipellis yapisi (b) ve bazidiyosporlari (c) (barlar: 10 ym)
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Oz: insan respiratuvar sinsityal viriisii (HRSV), bebekler, cocuklar, yasl yetiskinler ile
solunum, kalp veya immun sistem yetersizligi olan her yastan insanlarda ciddi Ust ve alt solunum
yolu enfeksiyonunun 6nde gelen nedenlerindendir. Virlistin kontroli ve 6nlenmesine yonelik yeni
yontemlere olan gereksinim, HRSV’den etkilenen insanlarin sayisini azaltmak icin son derece
onemlidir. Mantarlar, yeni antiviral etki mekanizmalarina sahip ilaglarin éncl bilesiklerini igerirler.
Nihai hedefi anti-HRSV ilag adaylarini tespit etmek olan bu ¢alisma, Pleurotus ostreatus (Jacq.)
P. Kumm’dan elde edilen metanol, etanol ve su ekstrelerinin HRSV’ye karsi antiviral aktiviteye
sahip olup olmadigini belirlemek amaciyla yapiimistir.

Ekstrelerin HRSV’ye kargi antiviral aktivitesi kolorimetrik XTT testi ile degerlendirilmistir.
Ekstrelerin HRSV'’ye karsi %50 koruma saglayan konsantrasyonu ECso olarak tanimlanmis ve
CCso (%50 hicresel sitotoksisite gosteren konsantrasyon)'nin ECso’'ye oranindan da segicilik
indeksi (Sl) belirlenmistir. Ribavirin (RBV) anti-HRSV aktiviteye yonelik pozitif kontrol olarak
kullaniimigtir.

Sitotoksite sonuglarina gore, en toksik ekstre 12500 uyg/mL MNTC (Maksimum non toksik
konsantrasyon) ve 23811.05 CCso ile metanol olup, bunu 3125 ug/mL MNTC, 5967.67 CCso
degerleriyle etanol ve 3125 ug/mL MNTC, 6622.28 CCso degerleriyle su ekstresi izlemistir. RBV
icin ise bu degerler 0.98 ug/mL MNTC ve 117.00 CCso dir.

Arastirma sonucunda, HRSV’ye kars! en guglu antiviral aktiviteyi 2910.57 pug/mL ECso ve
8.18 Sl degeri ile metanol ekstresi gostermis, bunu sirasiyla, etanol (ECso: 900.71 pg/mL, Sl
6.63) ve su (ECso: 1654.55 pg/mL, Sl: 4.00) ekstreleri takip etmistir. RBV igin bu degerler 4.19
ECso ve 27.92 Sl tir.

Sonug olarak, P. ostreatus ekstrelerinin HRSV’ye karsi klinikte kullanilan ilaglara kargsi bir
alternatif olarak gelistirilebilmesi icin daha ileri calismalara layik oldugunu sdyleyebiliriz. Bu
calisma, P. ostreatus’un anti-HRSV aktivitesine yonelik ilk rapordur.

Anahtar kelimeler: Antiviral aktivite, insan respiratuvar sinsityal viriisti, Kolorimetrik XTT
testi, Pleurotus ostreatus.

Evaluation of in Vitro Antiviral Activity of Cultured Pleurotus ostreatus
Against Human Respiratory Syncytial Virus (HRSV)

Abstract: Human respiratory syncytial virus (HRSV) is the leading cause of serious upper
and lower respiratory infections in infants, children, elderly adults and people of all ages with
respiratory, heart or immunodeficiency. The requirement for new methods of virus control and
prevention is crucial to reducing the number of people affected by HRSV. Fungi contain the
precursor compounds of drugs with novel mechanisms of antiviral action. This study, whose
ultimate goal is to identify anti-HRSV drug candidates, was conducted to determine whether
methanol, ethanol and aqueous extracts from Pleurotus ostreatus (Jacq.) P. Kumm having
antiviral activity against HRSV. Antiviral activity of extracts against HRSV was assessed by
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colorimetric XTT test. The concentration of extracts providing 50% protection against HRSV was
defined as ECso and the selectivity index (SI) was determined from the CCso (concentration
showing 50% cellular cytotoxicity) to ECso. Ribavirin (RBV) was used as a positive control for anti-

HRSYV activity.

According to cytotoxicity results; the most toxic extract was methanol with the values of
12500 pg/mL for MNTC and 23811.05 for CCso, and it was followed by ethanol (3125 pg/mL for
MNTC and 5967.67 for CCso) and aqueous extract (3125 ug/mL for MNTC, 6622.28 for CCso).
These values for RBV was 0.98 yg/mL MNTC and 117.00 CCso.

As a result of the research, the strongest antiviral activity against HRSV showed methanol
extract with 2910.57 pyg/mL ECso and 8.18 Sl values, followed by ethanol (ECso: 900.71 pg/mL,
Sl: 6.63) and water (ECso: 1654.55 ug/mL, Sl: 4.00) extracts, respectively.

In conclusion, we can say that P. ostreatus extracts are worthy of further work in fighting
HRSV infection (detection of the active compound/compounds responsible for anti-HRSV
activity). This study is the first report of P. ostreatus for anti-HRSV activity.

Key words: Antiviral activity, Human respiratory syncytial virus, Colorimetric XTT test,

Pleurotus ostreatus.

Giris

HRSV tim vyaslarda gorilebilen en 6nemli
respiratuvar hastalik sebebidir. Bebeklerde ve 4 yasin
altindaki cocuklarda en sik gorilen siddetli solunum yolu
infeksiyonlarinin nedenidir. Yashlarda ve bagisikhk
sistemi zayif olan hastalarda ciddi problemlere yol agan
bu virisin daha buyldk c¢ocuklar ve yetiskinlerdeki
infeksiyonu hafif seyirlidir. Bebek ve kiuguk ¢ocuklarda alt
solunum yolu infeksiyonlarinin en yaygin sebebi olan bu
virus yuksek riskli pediatrik popllasyonda (konjenital kalp
hastaligi, kronik akciger hastaligi, premattre bebekler,
immun yetmezlik) 6nemli oranda mortalite ve morbiditeye
yol acar. Ayrica bebeklikte gecirilen HRSV sonraki
yillarda reaktif hava yolu hastaliyi gelisimine sebep
olabilir (Hammer ve ark.,1995; Rota 1999; Anonim, 2003).

Guvenli ve etkili HRSV asisinin elde edilmesinde
birtakim guglikler karsimiza ¢ikmaktadir. Ciddi seyirli
HRSYV infeksiyonlari hayatin ilk 7 aylik ddneminde daha
sik gorildigu icin bu asinin da bebeklere hayatin ilk
haftalarinda uygulanmasi gerekmektedir. Ancak hayatin
ilk dénemlerindeki bebegin immunolojik immaturitesi ve

anneden gegen noétralizan HRSV  antikorlarinin
immunosupresif  etkileri ilk ayda uygulanacak
immuanizasyona engeldir. Uygulanacak asi dogal

infeksiyonunkine oranla daha uzun sireli bagisikhik
saglamalidir (Collins ve ark., 1996; Ball, 1994).
HRSV’ye karsi ilk as1 1960l yillarda gelistirilmistir.
1960-1980 yillari arasinda gelistirilen inaktif HRSV asilari
antikor olusturmalarina karsin, sonrasinda vahsi virls
enfeksiyonunu  takiben agir hastallk  tablolar
gecirilmesine neden olmus ve bu durum gegici bir sireyle
asl calismalarini sekteye ugratmistir. Bunun sonucunda
HRSV icin attenue asi ¢alismalari baslamis olup bunlar;
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subunit asilar (F; fizyon proteini kullanilarak), immin
aktivasyon yapan anjuvanlarla kombine subunit asilar,
canli zayiflatimis asilar, genetik mihendisligi yoluyla
yapilan agilar ve polipeptit asilardir. Ancak giinimuizde
heniiz etkili ve rutin bir agi yoktur (Ball, 1994, Mulholland
ve ark., 1996).

Ribavirin, birgok DNA ve RNA virlslne karsi in
vitro etkili, viral gogalmay azaltan, sentetik bir nikleozid
analogudur. Ciddi HRSV enfeksiyonlarina karsi 1993
yilinda tek lisansli ilag olarak kabul gérse de; uzun sureli
aerosol uygulama ve hastaneye yatis gerekliligi,
zehirlenme potansiyeli (kemik iligi baskilanmasi,
karsinojenisite), gebelikte teratojenik etki ve yiksek
maliyet gibi nedenlerle APA tarafindan rutin kullanimi
onerilmemektedir. HRSV enfeksiyonlari igin asinin heniiz
gelistiriimemis olmasi ve ciddi enfeksiyonlarda kullanilan
tek bir antiviral ilaci ribavirinin olusu, cocuk doktorlarinda
sikintilara sebebiyet vermektedir. Bundan kaynaklanan
sorunlardan dolayi, oral veya parental olarak kolay
uygulamali 6zgun anti-HRSV ilaglarin Uretiimesi ve
gelistiriimesi elzem hale gelmektedir (Ma ve ark., 2002).

Mantarlar, ¢cok eski zamanlardan beri gida olarak
tiketilmektedir. Beslenme yoéninden; dasik kalori
icermesinin  yani  sira, esansiyel aminoasitler,
karbonhidratlar, lifler, 6nemli vitaminler ve mineraller
bakimindan zengin bir icerige sahiptir. Mantarlar ayni

zamanda dogu Ulkelerinde yuzyillardir ilag olarak
kullanilmaktadir.  Son  yillarda yapilan  bilimsel
arastirmalar sonucunda ise bagisiklik sistemini

guclendirdigi ve saghigi korudugu ispatlanmistir (Sevindik
ve ark., 2018; 2016).

Tibbi o6zellikleri icin analiz edilen Ganoderma
lucidum (Curtis) P. Karst. (Reishi), Lentinus edodes
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(Berk.) Pegler (Shiitake), Grifola frondosa (Dicks.) Gray
(Maitake), Agaricus blazei Murrill (Hime matsutake),
Cordyceps militaris (L.) Fr. (Tirtil mantar), Pleurotus
ostreatus (Jacq.) P. Kumm. (Kayin mantari) ve Hericium
erinaceus (Bull.) Pers., (Aslan yelesi) mantar tirlerinin
polisakkaritler, diyet lifi, oligosakkaritler, peptidler ve
proteinler, alkoller ve fenoller, ginko, bakir, iyot, selenyum
ve demir gibi mineral maddeler, vitaminler, aminoasitler
basta olmak Uzere birgok aktif bileseni icerdigi tespit
edilmistir.  Bu  Dbilesenlerin  bagisiklik  sistemini
guclendirdigi, anti-kanserojen ve kolesterol dusirucu
Ozellige sahip oldugu ve hepatite karsi koruyucu ajan
olarak gorev yaptiklari belirlenmistir (Lakhanbal ve Rana,
2005).

GlUnudmizde de bircok mantar tirl antibiyotik,
antikanser, antiviral, antitimor 6zellikleri nedeniyle tibbi
amacli olarak kullaniimaktadir. Ayrica tibbi mantar tirleri
Ozellikle son yillarda biyoteknolojik c¢alismalarda da
kullaniimaktadir (Carlile ve Watkinson, 1994; Denis,
1995).

Mantarlarin sentezledigi ve genellikle
organizmalarina 6zgul olan bazi fenolik bilesikler, purinler,
pirimidinler, kuinonlar, terpenoidler ve fenil propanoid
tlrevi antogonistik maddeler antimikrobiyal etkiye neden
olmaktadir. Antitimdr etki gésteren en dnemli maddeler
ise kalvasin, volvotoksin, flammutoksin, lentinan ve
porisin denilen yalnizca makro mantarlardan izole edilmis
maddelerdir. Bu bilesikler ayni zamanda antiviral 6zellik
de gostermektedir (Benedict ve Brady, 1972; Conchran,
1978).

Bu calisma, Turkiye’de dogal olarak yetisen ve
yenen bir makromantar tird olan P. ostreatus’un kultdr
ortaminda gelistirilen 6rneklerinin HRSV’ye karsi antiviral
aktivitesini degerlendirmek i¢in yapilmigtir. Kultlr olarak
yetigtirilen Orneklerin antiviral etkisinin varligi veya
yoklugunun ortaya konmasiyla dogal gida olarak tiketilen
mantarlarin saglik agisindan koruyucu olup olmadiginin
ortaya ¢ikarilmasi amaclanmistir.

Materyal ve Metot

Calismanin  materyali olan P. ostreatus
Seydisehirde piyasadan satin alinmistir. Taze olarak
satin alinan érnekler 45 °C de mantar kurutma dolabinda
kurutularak toz haline getirilmistir. Toz haline getirilen
ornekler metanol, etanol ve su ekstreleri icin ayri ayri 30
gr tartilarak ultrasonikatérde 45 °C de 400 mL ¢6zicl
kullanilarak 1 saat bekletiimis ve watman no:1 filtreden
gegcirilmistir. Filtreden gegmeyen kati faz tekrar 4 kez
sonikasyona tabii tutulup filtre edilmistir. Toplam ekstreler
disUk basing altinda 45 °C de Evaporatérde ugurulduktan
sonra liyofilize edilerek + 4 °C de toz halinde saklanmistir.
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Sitotoksisite test

P. ostreatus bazidyokarplarindan elde edilen
metanol, etanol ve su ekstrelerinin yanisira HRSV igin
pozitif kontrol olarak kullanilan RBV (ribavirin)'nin HEp-2
hiicreleri Uzerine sitotoksik etkileri, imalatci firmanin
(Biological Industries, Israel) talimatlarina uygun olarak
XTT temelli hicre proliferasyon kiti ile ayri ayri
incelenmigtir.

96 kuyucuklu mikropleytlerin 1. kolonu Vasat
Kontrol (VK), 2. kolonu Hicre Kontrol (HK) olarak
kullanilmistir. VK olarak kullanilan 1. kolondaki
kuyucuklara 150 yL EMEM (serumsuz) konulmustur. 3.
kolon hari¢, geriye kalan 10 kolondaki (yani, 2-12)
kuyucuklarin her birine 100’er yL EMEM (serumsuz)
konulmustur. 3. Kolona ekstrelerin calisma
solisyonundan (75 mg/mL) 200 pL konulmustur. log
tabanina goére sulandirmalar (75-0.146 mg/mL)
hazirlanmistir. 3-12 arasindaki kolonlarin kuyucuklarina
ve HK olarak kullanilan 2. kolondaki kuyucuklara
mililitresinde  1x10% hiicre igeren HEp-2 hiicre
stspansiyonundan 50’ser uL konulmustur. Ekstrelerin
XTT boyasi ile etkilesime girip girmedigdini degerlendirmek
amaciyla, 3-12 arasindaki kolonlarin F, G, H siralarindaki
kuyucuklara 50'ser yL EMEM (serumsuz) konulmustur.
Bdylece ekstrelerin kuyucuklardaki son konsantrasyonlari
50-0.098 mg/mL olmustur.

RBV’nin HEp-2 hdicreleri  Uzerine sitotoksik
etkilerinin degerlendiriimesinde de, RBV’nin XTT boyasi
ile etkilesime girip girmediginin  degerlendirilmesi
amaciyla pleytlerin bazi kuyucuklarinin ayriimamasi
disinda, ayni islemler uygulanmistir. Mikropleytlerin 1.
kolonu Vasat Kontrol (VK), 2. kolonu Hticre Kontrol (HK)
olarak kullaniimistir. VK olarak kullanilan 1. kolondaki
kuyucugun her birine 150 pyL EMEM (serumsuz)
konulmustur. 3. kolon hari¢, geriye kalan 10 kolondaki
kuyucuklarin her birine 100’er yL EMEM (serumsuz)
konulmustur. Ugiincl kolonda bulunan kuyucuklarin her
birine RBV’nin galisma soltisyonundan (750 ug/ml) 200
ML konulmus ve logz tabanina goére sulandirmalar
(750.00-1.46 pg/mL) hazirlanmigtir.  2-12 arasindaki
kolonlarin kuyucuklarina mililitresinde 1x10° hiicre igeren
HEp-2 hicre suspansiyonundan 50’ser yL konulmustur.
Boylece, RBV'nin kuyucuklardaki son konsantrasyonlari
500-0.98 ug/mL olmustur. Mantar ekstrelerini ve RBV'ni
iceren mikropleytler 3 glin sireyle % 5 CO2'li nemli bir
inkibatérde 37°C’de inkibe edildikten sonra, XTT
ayiracinin hazirlanan karisimindan her kuyucuga 50’ser
ML konulmustur. Mikropleytler, XTT formazan Grininin
olusmasi igcin 3 saat daha inkibe edilmistir. Optik
dansisite (OD)’ler, 490 nm bir test dalga boyu ve 630 nm
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bir referans dalga boyunda, ELISA okuyucusunda
(Multiskan EX, Labsystems) okutularak kuyucuklardan
elde edilen OD ortalamalari kaydedilmistir. Ekstrelerin
XTT ile dogrudan kimyasal etkilesimlerinin ekarte
edilmesi amaciyla, hicre iceren kuyucuklardaki farkli
ekstre konsantrasyonlarinin ortalama OD degerlerinden,
hiicre icermeyen ayni konsantrasyondaki ekstrelerin
ortalama OD degerleri ¢ikariimistir. Testler G¢ kopya
olarak yapilmis ve sonuglar hiicre kontrole gére ortalama
sitotoksisite % orani olarak gosterilmistir. Sitotoksisite %
oranini hesaplamak igin, A'nin hlicre kontroliin OD’sini,
B’nin ekstre (veya RBV) ile muamele edilmis hicrelerin
OD’sini temsil ettigi asagidaki formdl kullaniimistir
(Andrighetti-Frohner ve ark., 2003):

(A-B)
A

Sitotoksisite (%) = x 100

Hesaplanan sitotoksik etki yuzdeleri test edilen
ekstrelerin (veya RBV’nin) ilgili konsantrasyonlarina kargi
grafige donlsturdimuastar. HK'ler ile karsilastinldiginda
ekstreler (veya RBV) ile muamele edilmis hicrelerin
OD’sini %50'ye kadar azaltan konsantrasyon olarak
tanimlanan %50 Sitotoksik Konsantrasyon (CCso)
degerleri, elde edilen verilerin 1s1§inda GraphPad Prism
Version 5.03 istatistik programi yardimiyla non-linear
regresyon analizi uygulanarak belirlenmigtir (Ho, 2008).
HK'lerin OD’leri ile karsilastirilarak Ekstrelerin (veya

RBV’nin) MNTC (maksimum non-toksik
konsantrasyon)'leri belirlenmistir. Belirlenen bu MNTC’ler
ekstrelerin ve RBV’nin antiviral aktivitesinin

saptanmasinda kullaniimistir.

Antiviral test

Ribavirinin anti-HRSV aktivitesinin belirlenmesi

RBV’nin Hep-2 hicrelerine karsl belirlenen
MNTC’undan (0.98 pg/mL) baslangic alan 2 misli
sulandirmalari anti-HRSV aktiviteleri ydoninden Ho ve
ark.’nin (2010) bildirdikleri “Cytopathic Effect (CPE)
Reduction” testinin  kolorimetrik XTT  metoduna
uyarlanmasi ile, 100 misli %50 doku kultirt infektif doz
(DKIDso) iceren HRSV suspansiyonuna karsi kontrol
edilmistir. Pleytin kuyucuklarina (VK olarak kullanilan
pleytin 1. kolonundaki kuyucuklar hari¢) kuyucuk basina
100 L hacimde (2.5 x 10 hiicre/kuyucuk) ekim yapilimig
ve 24 saat sureyle inkibe edilmigtir. Hicreler konfluent
oldugunda, kuyucuklardaki Uretme vasati cekilerek
bosaltiimistir. HRSV stodu, %1 FBS iceren EMEM
(dame vasati) kullanilarak 100 DKiDso oraninda
sulandiriimistir. RBV’nin  stok sollisyonundan (1000
mg/mL) daha oOnce belilenen MNTC’sinden (0.98
pg/mL) konsantrasyonu 2 misli fazla olan bir sulandirma
hazirlanmistir. Pleytin 1. kolonu VK (vasat kontrol), 2.
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kolonu HK (hicre kontrol), 3. kolonu ise virus kontrol
(VrK) olarak kullaniimigtir. VK ve HK kuyucuklarina
200’er pL idame besiyeri konulmustur. Pleytlin virus
kontrol (VrK) olarak kullanilan 3. kolonundaki
kuyucuklara 100 DKiDso oraninda sulandirilan HRSV
suspansiyonundan 100’er yL ve idame besiyerinden
100’er yL es zamanli olarak konulmustur. Pleytin geriye
kalan kolonlarindaki (yani, 4-12. kolonlarindaki) 9
kuyucugun her birine 100 DKiDso oraninda sulandirilan
HRSV suspansiyonundan 100’er yL konulduktan sonra
Uzerlerine es zamanli olarak RBV’nin 2 x MNTC’sinden
baslangic alan sulandirmalarindan  100’er L
konulmustur. Pleytler 37°C’de %5 CO:’li ortamda 3 giin
sureyle inkiibe edilmistir. VrK kuyucuklarinda maksimum
sinsityum olusumu goézlendikten sonra, kuyucuklardaki
supernatant bosaltimis ve kuyucuklara 150’ser pL
serumsuz EMEM konulmustur. Daha sonra, XTT
karisimdan her kuyucuga 50’ser pL konulmustur. XTT
formazan UrinUnin olusmasi igin pleyt 3 saat daha
inkiibe edilmistir. Optik dansisite (OD)’ler, 570 nm dalga
boyunda bir ELISA okuyucusunda (Multiskan EX,
Labsystems) okutularak 8 kuyucuktan elde edilen OD
ortalamalari kaydedilmigtir. Farkl RBV
konsantrasyonlarinin  virusa karsi koruma ylzde
oranlari, spektrofotometrik olarak asagidaki formuilden
hesaplanmistir (Andrighetti-Fréhner ve ark., 2003):

Koruma %’si = [ (A-B)/ (C-B) x 100]

A = 8 gbzdeki her bir RBV konsantrasyonu igin
ortalama OD

B = Virus kontrol OD’si (8 g6zdeki OD degerlerinin
ortalamasi)

C = Hiucre kontrol OD’si (8 gézdeki OD degerlerinin
ortalamasi)

Enfekte hiicrelerin % 50’sinde koruma saglayan
RBV konsantrasyonu olarak tanimlanan ECso degeri,
RBV konsantrasyonlarina karsi belirlenen koruma %
oranlarindan yararlanilarak, GraphPad Prism Version
5.03 istatistik programi kullanilarak non-linear regresyon
analiziyle belirlenmistir. RBV’nin segicilik indeksi (Sl) ise,
CCso/ECso oranindan hesaplanmistir.

Mantar ekstrelerinin anti-HRSV aktivite testi

P. ostreatus bazidyokarplarindan hazirlanan
ekstrelerin  HEp-2  hicrelerine  kargi  belirlenen
MNTC’lerinden (MNTCmetanoi: 12500 pg/mL; MNTCetanor:
3125 pg/mL; MNTCsu: 3125 pg/mL) baslangic alan 2 misli
sulandirmalari anti-HRSV aktiviteleri yoninden Ho ve
ark.’nin (2010) bildirdikleri “Cytopathic Effect (CPE)
Reduction”  testinin kolorimetrik ~ XTT  testine
uyarlanmasiyla 100 misli %50 doku kultari infektif doz
(DKIDso) iceren HRSV slspansiyonuna karsl kontrol
edilmistir. Ekstrelerin stok soliisyonundan MNTC’lerinden
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2 misli konsantre sulandirmalari (2XMNTCmetanol: 25000
pg/mL; 2xMNTCetano: 6250 pg/mL; 2xMNTCsu: 6250
pg/mL) hazirlanmistir. Pleytlerinin kuyucuklarina kuyucuk
basina 100 pL hacimde (2.5 x 10* hiicre/kuyucuk) ekim
yapillmis ve 24 saat slreyle inkibe edilmigtir. Hucreler
konfluent oldugunda, kuyucuklardaki besiyeri gekilerek
bosaltiimistir. 96 kuyucuklu pleytlerin 1. kolonu HK, 2.
kolonu ise VrK olarak kullaniimistir. HK kuyucuklarina
200’er pL idame besiyeri konulmustur. Pleytlerin VK
olarak kullanilan 2. kolonlarindaki kuyucuklarin her birine
100 DKiDso  oraninda sulandirilan HRSV
stispansiyonundan 100’er pL ve idame vasatindan 100’er
WL es zamanli olarak konulmustur. Pleytlerin geriye kalan
kolonlarindaki (yani, 3-12) kuyucuklara 100 DKiDso
oraninda sulandirlan HRSV sispansiyonundan 100’er
ML konulduktan sonra Uzerlerine es zamanli olarak
ekstrelerin 2 x  MNTC'lerinden baslangic alan
sulandirmalarindan 100’er yL konulmus ve 37°C’de %5
CO?’li ortamda 3 gun sureyle inkibe edilmistir. VrK
kuyucuklarinda maksimum sinsityum olusumu
gOzlendikten  sonra, kuyucuklardaki  sUpernatant
bosaltiimis ve kuyucuklara 150’ser uL serumsuz EMEM
konulmustur. Daha sonra, XTT karisimindan her
kuyucuga 50’ser pL konulmus, 3 saat daha inklbe
edilmistir. Optik dansisite (OD)’ler, 570 nm dalga boyunda
bir ELISA okuyucusunda (Multiskan EX, Labsystems)
okutularak kuyucuklardan elde edilen OD ortalamalari
kaydedilmistir. Farkli ekstre konsantrasyonlarinin virusa
karsi koruma ylzde oranlari, spektrofotometrik olarak
asagidaki formdl ile hesaplanmistir (Andrighetti-Frohner
ve ark., 2003):

Koruma %’si = [ (A-B) / (C-B) x 100 ]

A = 8 gbzdeki her bir ekstrakt konsantrasyonu igin
ortalama OD

B = Virus kontrol OD’si (8 gozdeki OD degerlerinin
ortalamasi)

C = Hucre kontrol OD’si (8 gdzdeki OD degerlerinin
ortalamasi)

Enfekte hiicrelerin % 50’sinde koruma saglayan
ekstre konsantrasyonu olarak tanimlanan ECso degeri,
ekstre konsantrasyonlarina karsi belirlenen koruma %
oranlarindan yararlanilarak, GraphPad Prism Version
5.03 istatistik programi kullanilarak non-linear regresyon
analiziyle belirlenmistir. Ekstrelerin segicilik indeksi (Sl)
ise, CCso/[ECso oranindan hesaplanmistir.

Bulgular

Hiicre ¢ogalma egrisi

HEp-2 hdcreleri ile XTT yontemi uygulamadan
once hiicre gogalma egrisini ¢cikarmak, hiicrelerin kaginci
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saatte hangi fazda olduklarini anlamak ve uygulanacak
ekstrelerin (veya RBV’nin) hicre hatti ile en az ka¢ saat
muamele edilmesi gerektiginin anlasiimasinda énemli rol
oynar. Bu amagla ilk olarak HEp-2 hiicreleri igin 5 glinliik
cogalma egrisi grafigi cikartiimis ve ikilenme zamani
“(doubling time)” elde edilmistir. Absise zaman (gln),
ordinata hucre sayilari yerlestirilerek cogalma egrisi
olusturulmustur (Tablo 1, Sekil 1). HEp-2 hucrelerinin
ikilenme zaman yaklasik olarak 2 giin (48 saat) olarak
hesaplanmistir.

Tablo.1. HEp-2 hicrelerinin zamana gore
belirlenmis hiicre sayilar
Zaman (Giin)  Hiicre sayisi/mL
0 50000
1 500000
2 1000000
3 1650000
4 2100000
5 2100000
2500000
2000000
: /
2 1500000 /
£ 1000000 === HEp-2
2 /
500000
0 : : |
0 2 4 6
Zaman (giin)

Sekil. 1. 5x10% hiicre/mL ile baglatilan kultiirlerde
canli HEp-2 hicre sayisi belirlenerek olusturulmus yari-
logaritmik ¢cogalma egrisi (ikilenme zamani ~2 gin = 48
saat).

Sitotoksisite test sonuglari

Antiviral testlerin gerceklestiriimesi icin 6n kosul
olarak, virtis-konakgi hucrelerine (HRSV-HEp-2) karsi
ekstrelerin ve  HRSV’ye karsi pozitif kontrol olarak
kullanilan RBV’nin sitotoksisiteleri kolorimetrik hicre
canlihk testi ile arastirimistir. RBV’'nin MNTC’si 0.98
pg/mL, CCso de@eri ise 117 ug/mL olarak belirlenmistir
(Sekil 2, Tablo 2). P. ostreatus metanol, etanol ve su
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ekstrelerinin MNTC’leri sirasiyla 12500 pg/mL, 3125
pg/mL ve 3125 pg/mL dir. CCso degerleri ise sirasiyla
23811.05 pg/mL, 5967.67 pg/mL ve 6622.28 pug/mL
olarak belirlenmistir (Sekil 3, Tablo 2).

80

Sitotoksisite (%)

400 600

0 200
Konsantrasyon (g/mlL}

Sekil 2. RBV'nin sitotoksik aktivitesi (MNTC: 0.98
pg/mL; CCso : 117 pg/mL).
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Sekil 3. Hep-2 hucrelerine karsi
ostreatus ekstrelerinin sitotoksisitesi. Metanol ekstresi
(CCso = 23811.05 pg/mL), etanol ekstresi (CCso =
5967.67 pg/mL), su ekstresi (CCso = 6622.28 pg/mL).

Antiviral Aktivite Test Sonuglari

HRSV inhibisyonu igin pozitif kontrol olarak
kullanilan RBV’nin ECso (enfekte hlcrelerin % 50’sinde
koruma saglayan konsantrasyon) degeri, 4.19 ug/mL

Pleurotus

olarak belirlenmis CCso'nin

ECso’'ye orani olarak

tanimlanan segicilik indeksi (SI) ise, 27.92 olarak
belirlenmistir (Sekil 4, Tablo 2).
15+
< 10-
©
£
2
g 5
0'-- T T 1
0.0 0.5 1.0 15

Sekil 4. RBV’nin anti-RSV aktivitesi (ECso: 4.19
pg/mL; Sl= 27.92).

P. ostreatus metanol ekstresinin ECso degeri
2910.57 pg/mL, Sl degeri ise 8.18 olarak tespit edilmistir
(Sekil 5, Tablo 2). P. ostreatus etanol ekstresinin ECso
degeri 900.71 pg/mL, Sl degeri ise 6.63 olarak tespit
edilmistir (Sekil 5, Tablo 2). P. ostreatus su ekstresinin
ECso degeri 1654.55 ug/ml ve Sl degeri ise 4.00 olarak
tespit edilmistir (Sekil 5, Tablo 2).

1501
-8 Metanol Ekstresi

-+ Etanol Ekstresi

L =% Su Ekstresi

Koruma (%)
S

5000 10000 15000

Konsantrasyon (g/mL)

-50-

Sekil 5. Pleurotus ostreatus ekstrelerinin anti-
HRSV aktivitesi.

Tablo 2. P. ostreatus metanol, etanol ve su ekstrelerinin sitotoksisite ve antiviral aktivite deneyleri toplu sonuglari.

Mantar Turu Ekstre Toksisite Anti-HRSV Aktivite
Cesidi
MNTC CCso ECso SI
(Mg/mL) (Mg/mL) (Mg/mL)
Metanol 12500 23811.05 2910.57 8.18
Pleurotus
ostreatus Etanol 3125 5967.67 900.71 6.63
Su 3125 6622.28 1654.55 4.00
Ribavirin (RBV) 0.98 117.00 4.19 27.92
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Tartisma

Ajanlarin hicreler Gzerinde toksik etki sergilemesi
antiviral etki gostermesi ile karigtinlabilir. Dogru bir
aktiviteden bahsedebilmemiz igin ajanin konak hicre
sistemi Uzerinde toksite etkisini belirledikten sonra
antiviral aktivite deneyleri yapmak testin guvenilirligi
acisindan 6nem arz etmektedir (Dargan ve Subak
Sharpe, 1986; Hu ve Hsiung, 1989). Bundan dolayi, P.
ostreatus’'un metanol, etanol ve su ekstrelerinin yani sira
HRSV’ye karsi pozitif kontrol olarak kullanilan RBV’nin
bir insan epidermal larinks karsinoma hiicre hatti olan
HEp-2 hiicreleri Gizerine sitotoksik etkileri (MNTC'leri ve
CCso degerleri) kolorimetrik XTT testi ile arastiriimigtir.
Tablo 2'de goérildigu gibi, ekstrelerin HEp-2 hicreleri
Uzerine HRSV enfeksiyonlarina kargi standart ilag olarak
kullanilan RBV’den daha ¢ok toksik oldugu, ekstreler ve
RBV’nin CCso degerlerinin ECso degerlerinden daha
yiksek oldugu dikkat gekmektedir. Bu durum, antiviral bir
ajanin guvenirligi bakimindan 6nemlidir (Schinazi ve
ark., 2009).

Sitotoksisite testlerinden sonra, ekstrelerin ve
RBV’nin belirlenen MNTC’lerinden baslangic alan
sulandirmalari, anti-HRSV aktiviteleri yoniinden kontrol
edilmigtir. Test sonucunda, P. ostreatus metanol
ekstresinin 2910.57 pg/mL ECso degeri ve 8.18 Sl
degeriyle, RBV (ECso = 4.19 pg/ml, SI = 27.92) ile
kiyaslanabilecek oranda 6nemli antiviral aktiviteye sahip
oldugu belirlenmistir. Chattopadhyay ve ark. (2009), 3 ve
3’den buyuk Sl degerlerinin test ekstrelerinin potansiyel
olarak guvenilir antiviral aktivitesinin gdstergesi olarak
kabul edilmesi gerektigini bildirmiglerdir. P. ostreatus’un
metanol, etanol ve su ekstrelerinin antiviral aktiviteye
sahip oldugu belirlenmigtir.

Mantarlarin antiviral aktiviteleri genellikle su
ekstrelerinin etkilerine baglanmis ve siklikla da suda
¢bzunur polisakkaritlerin varhgiyla iligkili bulunmustur
(Kim ve ark., 2000; Zhang ve ark., 2004; Santoyo ve ark.,
2012). P. ostreatus ve P. pulmonarius polisakkaritli su
ekstreleri, herpes simpleks tip-2 viristne karsi aktif
bulunmustur. Mantarin su ekstrelerinin antiviral aktivitesi
polisakkaritlerin varligi ile iligkilidir ve artan polisakkarit
konsantrasyonu ile artmaktadir (Chihara ve ark., 1970).
P. tuberregium sklerotia’dan izole edilen iki suda
¢bziinmeyen beta-glukan, karsilik gelen suda ¢oézunar
sulfatlanmis tlrevleri, herpes simpleks virisu tip 1 ve tip
2’'ye karsi antiviral aktiviteler gosterir. Etki muhtemelen
sulfatlanmis beta-glukanlarin viral partikullere
baglanmasi, bdylece bunlarin konakgi hicrelere
bulasmasini Onleyerek ortaya ¢ikmaktadir (Zhang ve
ark., 2003, 2004).

P. ostreatus’'un su ve metanol ekstrelerinin
antiviral ozellikleri, herpes simpleks virlist tip 1’e karsi
degerlendirilmistir. Antiviral aktivite, su ekstrelerinden
daha yuksek antiviral aktivite gdsteren polisakkarit
fraksiyonunda  bulunan beta-glukanlarla iligkilidir
(Santoyo ve ark., 2012). El Fakharany ve ark. (2010), bir
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lakkazin, Hepatit C virGsinun periferik kan hicrelerine ve
hepatom HepG2 hiicrelerine girigini inhibe edebilen ve
replikasyonunu yapabilen P. ostreatus’tan
saflastirildigini bildirmislerdir. Ubikitin benzeri
glikoprotein, insan imman yetmezlik virGstnun gelisimini
inhibe eden P. ostreatus’tan izole edilmistir (Wang ve Ng,
2000). P. sajo-caju ve P. pulmonarius sicak su ekstreleri,
insan immun yetmezlik virisu HIV-1 ters transkriptazina
karsi dnleyici aktivite gostermistir (Wang ve ark., 2007).

P. ostreatus ve P. pulmonarius’'un su ve metanol
ekstrelerinin antiviral etkisi, influenza virlsleri ile iligkili
olarak gosterilmstir. P. pulmonarius’un bazidyokarplarinin
su ekstreleri influenza virtslerine karsi yuksek aktivite
go6stermistir (Kabanov ve ark., 2011).

Polisakkaritler, mantarlarda, ornegin P.
ostreatus’ta bulunan bir c¢esit makromolekil seker
polimeridir (Palacios ve ark., 2012). Antitimor, antiviral
aktivite, immunomodilatasyon, antilipidemik etki ve
oksidasyon korumasi gibi cesitli biyolojik o6zelliklere
sahiptirler (Jing ve ark., 2016). P. ostreatus’un kimyasal
bilesiminde, kuru mantarin 100 graminda 24.9 g protein,
2.08 g yag, 61.9 g seker, 6.32 g kil ve 1552.26 kJ eneriji
verdigi hesaplanmigtir (Tsai ve ark., 2009). Yapilan bagka
bir ¢galismada mantarin seker bilesimi arabitol, glukoz,
mannitol, mannoz ve trehaloz olarak belirtiimigtir
(Beluhan ve Ranogajec, 2011). P. ostreatus’un yag asidi
bilesimi analiz edilmis ve ¢alisma sonucunda palmitik asit,
palmitoleik asit, oleik asit, linoleik asit ve linolenik asit
major yag asitleri olarak bulunmustur (Dimau ve ark.,
2002). Zhu ve ark. (2011) tarafindan yapilan bir
calismada, P. ostreatus’un Cu, Zn, Fe, Mn, Cd, Cr, Ni ve
Pb agir metallerini igerdigi rapor edilmistir. Dolayisiyla
calismamizda kullandigimiz  Pleurotus ostreatus’un
metanol, etanol ve su ekstrelerinin anti-HRSV aktivitesi,
metanolde, etanolde vya da suda ¢odzinen
polisakkaritlerin, yaglarin ya da metallerin varligina bagh
olabilir.

Oneriler

Elde edilen sonuglar dikkate alindiginda, P.
ostreatus’dan elde edilen metanol, etanol ve su
ekstrelerinin - HRSV  enfeksiyonuna kargi  6nemli
sayllabilecek antiviral aktiviteye sahip oldugu, ancak bu
ekstrelerin  antiviral etki mekanizmasi ve etkili
maddelerinin henltz tespit edilmedidi sdylenebilir. Bu
aktiviteden hangi bilesik ya da bilesiklerin sorumlu
olabilecegini ayni zamanda antiviral etkiyi nasil
gOsterdiklerini  kanitlamak icin  ilave  c¢alismalar
gerekmektedir. Bundan dolayi ileride arastirilabilecek
konularin bu arastirmadaki eksiklikleri kapatarak, P.
ostreatus’un antiviral etkisini daha kapsaml bir sekilde
belirlenmesi saglanabilir.

Tesekkiir

Bu calisma Selguk Universitesi  Bilimsel
Arastirmalar Koordinatérligl tarafindan 19201074 nolu
proje numarasiyla desteklenmistir. Calisma Yasemin
Turkgetin’in Yuksek Lisans tezine aittir.



MANTAR DERGISI/The Journal of Fungus Ekim(2020)11(2)172-180

Kaynaklar

Andrighetti-Frohmer, C.R., Antonio, R.V., Creczynski-Pasa, T.B., Barardi, C.R.M. ve Simdes, C.M.O. (2003). Cytotoxicity
and Potential Antiviral Evaluation of Violacein Produced by Chromobacterium violaceum. Mem. Inst. Oswaldo Cruz,
98: 843-848.

Anonim, (2003). American Academy of Pediatrics. Respiratory Syncytial Virus. In: Pickering, L.K., ed. Red Book: 2003,
Report of the Committee on Infectious Diseases, 26 th ed. Elk Grove Village, IL: American Academy of Pediatrics,
524.

Ball, C.B. (1994). Respiratory Syncytial Virus, “Zuckerman A J, Banatvala J E, Pattison J R (eds)”: Principles and Practice
of Clinical Virology”. Chichester. John Wiley and Sons, s. 270.

Beluhan, S. ve Ranogajec, A. (2011). Chemical Composition and non-volatilie Components of Croatian Wild Edible
Mushrooms. Food Chem, 124: 1076-1082.

Benedict, R.G. ve Brady, L.R. (1972). Antimicrobial Activity of Mushroom Metabolites. J. Pharm. Sci., 61(11) 1820-182.

Carlile, M.J. ve Watkinson, S.C. (1994). The Fungi. London: Academic Press, 373-409.

Chattopadhyay, D., Chawla-Sarkar, M., Chatterjee, T., Dey, R.S., Bag, P., Chakraborti, S. ve Khan, M.T.H. (2009). Recent
Advancements for the Evaluation of Antiviral Activities of Natural Products. N Biotechnol, 25: 347-368.

Chihara, G., Hamuro, J., Maeda, Y.Y., Arai, Y. ve Fukuoka, F. (1970). Fractionation and Purification of the Polysaccharides
with Marked Antitumor Activity, Especially Lentinan, from Lentinus edodes (Berk.) Sing. (an edible mushroom).
Cancer Res., 30(11) 2776-2781.

Collins, P.L., Chanock, R.M., Mcintosh, K. (1996). Parainfluenza viruses, “Fields, B.N, Knipe, D.M., Howley, P.M. (eds.):
Fields Virology”, Philadelphia: Lippincott-Raven Publishers, 1313.

Conchran, K.W. (1978). Medicinal Effects, in: The Biology and Cultivation of Edible Mushrooms, “Chung, S.T. ve Hayes,
W.A. (eds)”. New York: Academic Press.

Dargan, D.J. ve Subak-Sharpe, J.H. (1986). The Antiviral Activity against Herpes Simplex Virus of the Triterpenoid
Compounds Carbenoxolone Sodium and Cicloxolone Sodium. J Antimicrob Chemother, 18 Suppl B: 185-200.

Denis, R.B. (1995). Mushrooms: Poisons and Panaceas, New York: W.H. Freeman and Co.

Dimou, D.M., Georgala, A., Komaitis, M. ve Aggelis, G. (2002). Mycelial Fatty Acid Composition of Pleurotus spp. and its
Application in the Intrageneric Differentiation. Mycol Res, 106(8) 925-929.

El-Fakharany, E.M., Haroun, B.M., Ng, T.B. ve Redwan, E.R. (2010). Oyster Mushroom Laccase Inhibits Hepatitis C Virus
Entry into Peripheral Blood Cells and Hepatoma Cells. Protein & Peptide Letters, 17: 1031-1039.

Hammer, J., Numa, A. ve Newth, C.J.L. (1995). Albuterol Responsiveness in Infant with Respiratory Failure Caused by
Respiratory Syncytial Virus Infection. The Journal of Pediatrics, 127: 485-490.

Ho, W.S. (2008). Antiviral Activity of the Medicinal Plants, Adina Pilulifera, Narcissus Tazetta and Wikstroemia Indica,
Against Respiratory Syncytial Virus. Hong Kong: Chinese University of Hong Kong.

Hu, J.M. ve Hsiung, G.D. (1989). Evaluation of New Antiviral Agents: I. In vitro perspectives. Antiviral Res, 11(5-6) 217-32.

Jing, Y., Gao, Y., Wang, W., Cheng, Y., Lu, P., Ma, C. ve Zhang, Y. (2016). Optimization of the Extraction of
Polysaccharides from Tobacco Waste and Their Biological Activities. Int. J. Biol. Macromol., 91: 188-197.

Kabanov, A., Kosogova, T., Shishkina, L., Tepliakova, T., Skarnovich, M., Mazurkova, N., Puchkova, L., Malkova, E.,
Stavskil, E. ve Drozdov, I. (2011). Study of Antiviral Activity of Extracts Obtained from Basidial Fungi against
Influenza Viruses of Different Subtypes in Experiments in Vitro and in Vivo. Zhurnal mikrobiologii epidemiologi i
immunobiologii, 1: 40-43.

Kim, Y.S., Eo, S.K., Oh, K.W,, Lee, C.K. ve Han, S.S. (2000). Antiherpetic Activities of Acidic Protein Bound Polysaccharide
Isolated from Ganoderma lucidum alone and in Combinations with Interferons. J. Ethnopharmacol, 72(3) 451-458.

Lakhanbal, T.N. ve Rana M. (2005). Medicinal and Nutraceutical Genetic Resources of Mushrooms. Cambridge:
Cambridge University Pres, Plant Genetic Resources, 3: 288-303.

Ma, S.C., Du, J., But, P.P.H., Deng, X.L., Zhang, Y.W., Ooi, V.E. C., Xu, H.X., Lee, S.H.S. ve Lee, S.F. (2002). Antiviral
Chinese Medicinal Herbs against Respiratory Syncytial Virus. J. Ethnopharmacol, 79(2) 205-211.

Mulholland, E.K., Olinsky, A. ve Shann, F.A. (1996). Clinical Findings and Severity of Acute Bronchiolitis. Lancet, 335:
1259-1261.

Palacios, |., Garcra-Lafuente, A., Guillamo’n, E. ve Villares, A. (2012). Novel Isolation of Water-Soluble Polysaccharides
from the Fruiting Bodies of Pleurotus ostreatus mushrooms. Carbohydr. Res, 358: 72-77.

Rota, S. (1999). Solunum Sinsityal Virus. “Ustagelebi, S. (ed)”. Temel ve Klinik Mikrobiyoloji. Ankara: Glnes Kitabevi, 941-
943.

Santoyo, S., Ramirez-Anguiano, A.C., Aldars-Garcia, L., Reglero, G., ve Soler-Rivas, C. (2012). Antiviral Activities of
Boletus edulis, Pleurotus ostreatus and Lentinus edodes Extracts and Polysaccharide Fractions against Herpes
simplex virus type 1. J Food Nutr Res, 51(4) 225-235.

Schinazi, R.F., Coats, S.J., Bassit, L.C., Lennerstrand, J., Nettles, J.H. ve Hurwitz, S.J. (2009). Approaches for the
Development of Antiviral Compounds: the Case of Hepatitis C virus. Handb. Exp. Pharmacol, 189: 25-51.

179



MANTAR DERGISI/The Journal of Fungus Ekim(2020)11(2)172-180

Sevindik, M., Bal, C. ve Akgil, H. (2018). Comparison of antioxidant potentials of the wild and cultivated forms of edible
Pleurotus ostreatus and Agaricus bisporus mushrooms. Tiirk Yasam Bilimleri Dergisi, 3(2): 263-266.

Sevindik, M., Akgtl, H., Gunal, S. ve Dogan, M. (2016). Pleurotus ostreatus’ un dogal ve kultdr formlarinin antimikrobiyal
aktiviteleri ve mineral madde igeriklerinin belirlenmesi. Kastamonu Universitesi Orman Fakiiltesi Dergisi, 16(1):
153-156.

Tsai, S.Y., Huang, S.J., Lo, S.H., Wu, T.P., Lian, P.Y. ve Mau, J.L. (2009). Flavour Components and Antioxidant Properties
of Several Cultivated Mushrooms. Food Chem, 113: 578-584.

Wang, H. ve Ng, T.B. (2000). Isolation of a Novel Ubiquitin-Like Protein from Pleurotus ostreatus Mushroom with Anti-
Human Immunodeficiency Virus, Translation-Inhibitory and Ribonuclease Activities. Biochem. Biophys, 276: 587-
593.

Wang, J., Wang, H.X. ve Ng, T.B. (2007). A Peptide with HIV-1 Reverse Transcriptase Inhibitory Activity from the Medicinal
Mushroom Russula paludosa. Peptides, 28(3) 560-565.

Zhang, M., CK Cheung, P., EC Ooi, V. ve Zhang, L. (2004). Evaluation of Sulphated Fungal Beta-Glucans from the
Sclerotium of Pleurotus tuber-regium as a Potential Water-Soluble Anti-Viral Agent. Carbohydr Res, 339(13) 2297-
301.

Zhang, M., Zhang, L., Wang, Y. ve Cheung, P.C. (2003). Chain Conformation of Sulphated Derivatives of Beta-Glucan
from Sclerotia of Pleurotus tuber-regium. Carbohydr Res, 338: 2863-2870.

Zhu, F., Qu, L., Fan, W., Qiao, M., Hao, H. ve Wang, X. (2011). Assessment of Heavy Metals in Some Wild Edible
Mushrooms Collected from Yunnan Province, China. Environ Monit Assess, 179: 191-199.

180



Mantar Dergisi The Journal of Fungus

e-ISSN 2147-6845
Ekim 2020 / Cilt:11/ Say1:2
October 2020 / Volume:11 / Issue: 2

YAYIN ILKELERI
SELCUK UNIVERSITESI MANTARCILIK UYGULAMA Ve ARASTIRMA MERKEZ/’'nin yayinladiji MANTAR DERGISI (e-ISSN 2147 6845);
Ulusal veya Uluslararasi Mikoloji alaniyla ilgili arastirma sonuglarini igeren orijinal arastirma ve derleme makalelerin yayinlandigi elektronik
HAKEMLI bir dergidir.
Dergiye yayinlanmak Uzere sunulan makaleler, Bas Editor tarafindan konusu agisindan dergide yayinlanmasinin uygunluguna karar
verildikten sonra, derginin yazim kurallarina gére 6n kontrolden gegirilir. Sonra Editor Kurulu aracilidi ile ilgili uzmanlik alanindaki hakemlere
bilimsel yénden degerlendiriimek Gzere gdénderilir. Bag Editdr, Bilimsel Hakemlerin elestiri ve Onerileri ile yazarin bunlara verdigi cevaplar
dogrultusunda eserin yayinlanip, yayinlanamayacagina karar verir. Yayinlanmasi uygun gorilmeyen eserler hakkinda yazarlara bilgi verilir.
Yayinlanmasi uygun gorilen eserlerin matbaa provasi yazarlara gdnderilir ve son kontrol okumasi yapilir. Son okumada imla ve sekilsel
hatalar diginda diizeltme veya ekleme yapilmaz. Derginin yayin dili Tiirkgedir. ingilizce dilinde de yayin kabul edilebilir.
Mantar Dergisi Creative Commons Atif 4.0 Uluslararasi Lisansi ile lisanslanmigtir.
. Yazar eserin telif hakkini elinde tutar ve ilk yayimlama hakkini dergiye verir. Eser, yazarinin belirtimesi ve ilk yayiminin bu dergide
yapildiginin belirtiimesi koguluyla digerleri tarafindan paylasiimasina olanak veren Creative Commons lisansi altinda lisanslanir.
. Yazarlar, makalenin yayinlandigi dergiye atif yaparak makalelerinin yayinlandigi versiyonunu kurumsal bir argive, kitiphaneye
gonderebilirler.
. Lisans sahibine atifta bulunarak eseri dagitabilir, kopyalayabilir, Gzerinde galismalar yapabilir, yine sahibine atifta bulunarak tirevi
calismalar yapabilir veya buna benzer igler yapabilirsiniz.
Yazar makalesi ile ilgili en az 5 uzman ismini iletisim bilgileriyle beraber(cep tlf, e-posta adresi) word dosyasi olarak, Hakem Oneri Formunu
doldurarak sisteme ek dosya olarak yuklemelidir.
Sisteme yliklenen makalelerin bir an énce igleme alinabilmesi igin; “Hakem Oneri Formu” ve “Son Kontrol Formu” renkli olarak taranmig
sekilde sisteme ek dosya olarak yiklenmelidir.
MAKALE YAZIM KURALLARI
Makale, A4 boyutunda, kenarlarda 2 cm bosluk birakilacak sekilde, 1.5 aralikh, arial yazi karakterinde, 10 punto kullanilarak Word 2003
veya daha Ust surimdeki programla yaziimalidir. Makalenin word dosyasinda otomatik numaralandirma kullaniimamalidir. Makalenin
bélimleri sirayla séyle olmalidir;
(Tiirkce Makaleler icin);
Tiirkge Baslik, Yazarlar(sorumlu yazar belirtiimelidir) ve adresleri, E-postalari, Orcid numaralari, Oz, Anahtar kelimeler, ingilizce
Baslik, Abstract, Key words, Girig, Materyal ve Metot, Bulgular, Tartisma, Kaynaklar.
(ingilizce makaleler igin);
ingilizce Baslik, yazarlar(sorumlu yazar belirtiimelidir) ve adresleri, E-postalari, Orcid numaralari, Abstract ve Key words, Tiirkge
Baslik, Oz ve Anahtar kelimeler, Introduction, Material and Method, Results, Discussion, References.
Derleme galigmalarda da mevcut basliklarin (materyal ve metot hari¢) kullaniimasi gerekir. Bulgular ve Tartisma basliklari tek baslik altinda
verilebilir.
Yazar gerekli gorirse alt bagliklar kullanabilir. Her bolime ait bagliklar kalin ve ilk harfleri biyik yazilmalidir. Metin iginde gegen tim bilimsel
isimler italik olmali, eger baslik icerisinde yer aliyorsa hem italik hem de kalin olmalidir. Tur isimleri ilk gectikleri yerde yazarlariyla birlikte
verilmelidir. Daha sonraki yerlerde sadece takson isimleri yazilmalidir. Bélimler arasinda bir satir bogluk birakilmalidir.
Baslik: Tiirkge makalelerde; makalenin Tirkge basligi 14 punto, ingilizce bagligi 12 punto, ingilizce makalelerde ise ingilizce baslik 14 punto,
Turkge baslk 12 punto, sadece bas harfleri biyuk ve kalin olmaldir. Yazar isimlerinin bas harfi ve soyadi blyiik olmali, adresler ismin altina
yazilmali, sorumlu yazarin e-mail adresi mutlaka belirtiimelidir. Akademik unvanlar makalede yer almamaldir.
Anahtar kelimeler: 4-10 kelimeden olugsmalidir.
Giris: Arastirma konusu miimkiin oldugu kadar giincel olarak kisa ve 6zl degerlendirilir. Calismanin amaci da belirtiimelidir.
Kaynaklar: Kaynaklar metinde (soyad, tarih ) parantez iginde belirtilerek yaziimalidir. Kaynaklar bélimi alfabetik siraya gére 10 punto
olarak yazilmah ve yararlanilan eserlerin Yazar (yazarlarinin) Adi ve soyadinin ilk harfleri buylik olmalidir. Kitap, makale ve tam metin
yayimlanmis bildiri isimlerinin ilk harfleri bUytk yaziimalidir. Lisansiistii tezler kaynak olarak gosterilemez.
Kaynak kunyeleri APA stilinde asagidaki siraya uygun olarak yaziimalidir (2019’dan itibaren).
Periyodik ise asagidaki 6rnege uygun olarak:

Aktas, S., Kasik, G., Dogan, H. H. ve Oztiirk, C. (2006). Two New Taxa Records for the Macrofungi of Turkey. Tr.J.of Bot., 30 (4) 209-212.

Kitap ise asagidaki 6rnege uygun olarak:

Kasik, G., Oztiirk, C., Dogan, H. H., Aktas, S. ve Demirel, G. (2005). Mikoloji Laboratuvari. Konya: Marifet Ofset Matbaa ve Kagitcilik.

Bilimsel Toplanti kitabi ise agsagidaki 6rnege uygun olarak:

Qnay, A. O, Kasik, G., Alkan, S. ve Oztiirk, C. (2018). Pleurotus ostreatus’'un Misel Gelismesine Humik Maddelerin Etkisinin Arastiriimasi.
O. Turkmen ve M. Paksoy (Ed.), Il. International Eurasian Agriculture and Natural Sciences Congress Book of Full Text, (ss.22-29). Baku-
Azerbaijan.

Tablo ve sekiller: Tablo bulundurmayan butin géruntiler (fotograf, ¢izim, grafikler, harita vb.) sekil olarak isimlendiriimelidir. Bltin sekil ve
tablolar metin icinde ardisik olarak numaralandiriimalidir. Tablo ve sekillerin boyutlar 14x20 cm.’” den blylk olmamaldir. Sekiller mutlaka
orijinal olmahdir. Fotograflar en az 600 dpi ¢dzinurlikte olmali veya taranmis olmalidir. Sekiller mutlaka ana makalede yer almali ve "jpeg"
dosyasi olarak ayrica sisteme ylklenmelidir. Sekillerde el yazisi kullanilmamali, bilgisayar yazilimi olmalidir. Sekil ismi sekillerin altina, tablo
ismi tablonun Ustline yazilmalidir. Tablo Usti ve sekil alti yazilari 10 punto olmalidir. Eserler "http://dergipark.gov.tr/mantar" adresinden
online olarak génderilir. Belirtilimeyen konular bilimsel kurallara uygun olmalidir.

lletisim Adresi:

S.U. Mantarcilik Uygulama ve Aragtirma Merkezi Midirligu

Mantar Dergisi Editorligi

Fen Fakultesi Binasi B Blok Zemin Kat42079 Kampis/KONYA E-posta: mantarcilik@gmail.com



https://creativecommons.org/licenses/by/4.0/
mailto:mantarcilik@gmail.com

Mantar Dergisi The Journal of Fungus

e-ISSN 2147-6845
Ekim 2020 / Cilt:11/ Say1:2
October 2020 / Volume:11 / Issue: 2

PRINCIPLES OF ARTICLES
THE JOURNAL OF FUNGUS (e-ISSN 2147 6845) is published by SELGUK UNIVERSITY MYCOLOGICAL APPLICATION RESEARCH
CENTER. The journal, which is a peer-reviewed journal, publishes original research and review articles. The journal includes national or
international research of results with respect to the field of mycology.
Journal articles submitted for publication, after deciding for the eligibility in terms of issues to be published in the journal by the editors,
articles will be sent to relevant expertise in the field of scientific referees for evaluation. Editorial Board decides whether it can be published
or not in accordance with the referees decides and suggestions. Galley Proof of the articles which is accepted for the publication is sent to
the authors then final inspection is done. The language of the journal is in Turkish and English.
The Journal of Fungus is licensed under a Creative Commons Attribution 4.0 International License.
e Authors retain copyright and grant the journal right of first publication with the work simultaneously licensed under a Creative Commons
Attribution License that allows others to share the work with an acknowledgement of the work's authorship and initial publication in this
journal.
e Authors are able to enter into separate, additional contractual arrangements for the non-exclusive distribution of the journal's published
version of the work (e.g., post it to an institutional repository or publish it in a book), with an acknowledgement of its initial publication in this
journal.
e Licensees may copy, distribute, display and perform the work and make derivative works and remixes based on it only if they give the
author or licensor the credits (attribution) in the manner specified by these.
The author must upload the Reviewer Suggestion Form, contained at least 5 experts related to his / her article with the contact information
(mobile tif, e-mail address) as an additional file to the system.
To start the process of the Articles as soon as possible; Article, Reviewer Suggestion Form and Article Final Control Form should be uploaded
to the system.
Articles preparation Rules
The article must be 1.5 spaced in A4 size, 2 cm each margins, 10 font size and in Arial text character. Articles should be written in Word
2003 or higher. Sections of the article should be respectively like this:
For Article in Turkish
Turkish title, Name(s) of author(s) and their addresses, E-mails, Orcid number(s), Turkish abstract, Turkish key words, English
title, English abstract, Key words, Introduction, Materials and Methods, Results, Discussion, References.
For Article in English
English title, Name(s) of author(s) and their addresses, E-mails, Orcid number(s), English abstract, Key words, Turkish title, Turkish
abstract, Turkish key words, Introduction, Materials and Methods, Results, Discussion, References.
If necessary, authors may use sub-titles. The title of each section should be written in bold and the initial letters should be written big on title.
All the scientific names should be italicized in the text, if it take part in the title should be both bold and italic. Genus and species names must
first be supplied with the authors in their place. Then other place names should be used only species names. Should be a blank line between
sections.
Title: Title of Turkish articles should be 14 points. English title should be 12 points. Initial letters and surname of the author's must be greater.
Address should be written under the name of the author. E-mail address of corresponding author must be given. Academic qualifications are
not included in the article.
Key words: Should consist of 4-10 words.
Introduction: Research topic as much as possible should be short and concise. The aim of the study should also be indicated.
References: References in the text must be written in parentheses (name, date). References section should be written as 10 points in
alphabetical order. Names of books, articles and announcements initial letters should be big. The first letters of the names of the book, the
article and the published submition should be written in large. Master's theses are not shown as a reference. References should be written
in APA style in the following order (from 2019).
For Article:

Aktas, S., Kasik, G., Dogan, H. H. and Oztiirk, C. (2006). Two New Taxa Records for the Macrofungi of Turkey. Tr.J.of Bot., 30 (4) 209-212. |

For Books:

Kasik, G., Oztiirk, C., Dogan, H. H., Aktas, S. and Demirel, G. (2005). Mikoloji Laboratuvari. Konya: Marifet Ofset Matbaa ve Kagitcilik. |

For Congress Book:

Qnay, A. 0., Kagik, G., Alkan, S. and Oztiirk, C. (2018). Pleurotus ostreatus’un Misel Gelismesine Humik Maddelerin Etkisinin Aragtiriimasi.
O. Turkmen ve M. Paksoy (Ed.), Il. International Eurasian Agriculture and Natural Sciences Congress Book of Full Text, (ss.22-29). Baku-
Azerbaijan.

Tables and figures: All images (photographs, drawings, graphs, maps, etc..) should be named as figure. All figures and tables should be
numbered consecutively in the text. The sizes of tables and figures 14x20 cm should not be greater than. Figures must be original. Photos
must be at least 600 dpi resolution or must be scanned. Figures must be separate from the main article "jpeg" should be sent to the file.
Figure name should be written under figure and should be 10 points. Table name should be written on top of the table and should be 10
points.

Works are sent online at "http://dergipark.gov.tr/mantar”. Unspecified subjects must comply with scientific rules.

Contact Address:

S.U. Mantarcilik Uygulama ve Aragtirma Merkezi Midirligi

Mantar Dergisi Editorligi

Fen Fakiiltesi Binasi B Blok Zemin Kat42079 KampiissfKONYA/TURKIYE E-posta: mantarcilik@gmail.com



https://creativecommons.org/licenses/by/4.0/

ARASTIRMA MAKALELERI/ RESEARCH ARTICLES

Phylloscypha boltonii, A New Record for the Mycobiota of Turkey............... 158

Phylloscypha boltonii, Tirkiye Mikobiyotasi icin Yeni Bir Kayit
Derya KAPLAN, Yasin UZUN, Abdullah KAYA

Pleurotus ostreatus (Jacq.) P. Kumm. Extract Alters the Expression
of Some Apoptosis Related Genes ... 162
Pleurotus ostreatus (Jacq.) P. Kumm. Ekstrakti Bazi Apoptotik Genlerin ifadesini Degistirir

Ela Nur SIMSEK SEZER, Sinan AKTAS, Fatih DURMAZ, Tuna UYSAL

Turkiye Mikotasi Igin Yeni Bir Cins (Gerronema Singer) Kaydi................... 168
A New Genus (Gerronema Singer) Record for Turkish Mycota

Ali KELES

Kiiltire Alinmis Pleurotus ostreatus'un insan Respiratuvar Sinsityal Viriisi
(HRSV)'ne Karsi In Vitro Antiviral Etkisinin Degerlendirilmesi...................... 172
Evaluation of in Vitro Antiviral Activity of Cultured Pleurotus ostreatus

Against Human Respira‘Eory Syncytial Virus _(_HRSV) )
Hasan Huseyin DOGAN, Yasemin TURKCETIN, Ristem DUMAN




e-ISSN 2147-6845

SELCUK UNIVERSITY MUSHROOM APPLICATION AND RESEARCH CENTER-KONYA-TURKEY

THE JOURNAL OF FUNGUYS

ICINDEKILER(CONTENTS)

-
<
E ARASTIRMA MAKALELERI/ RESEARCH ARTICLES
8 Pulmonary Aspergillosis: A Case Report of Invasive Aspergillosis Caused by
== ASPErgillus fUmMIQatUsS..............oueee et e 101
W  Pulmoner Aspergilloz: Aspergillus fumigatus 'un Etken Oldugu Invaziv Aspergilloz Vakasi
Ravil HUSEYNOV, Samir JAVADOV, Iskender KARALTI, Bayram TAQIYEV
N
3 Fungal Biodiversity on Slippers and Carpets Dusts
=S in Three Mosques of Edirne City, TUrKeY..........ccoiiiiiiiiiiii e, 105

TUrkiye‘dq Edirne $_ehrinin Ug Camisinde Hali Toz_l_arl ve Terliklerde Mantar Biyocesitliligi
Melek TIKVESLI, Ahmet ASAN, Saban GURCAN, Burhan SEN

The Powdery Mildew Fungi of Aladaglar and Bolkar Mountains in Turkey.....114

Aladagdlar ve Bolkar Daglari (Turkiye) Kiilleme Mantarlari

Sanli KABAKTEPE, Mustafa SEVINDIK, ligaz AKATA

Antioxidant and Antimicrobial Activities of Armillaria mellea and
Macrolepiota procera EXIractS. ...........c.oooiiiiiiii 121

Armillaria mellea and Macrolepiota procera Ekstrelerinin Antioksidan ve Antimikrobiyal Etkileri
Erdi Can AYTAR, llgaz AKATA, Leyla ACIK

October 2020 Volume 11

Determination of Elemental Composition of Some Wild Growing Edible
1YW TS T feTo] o - F SRR 129
Yabani Buylyen Bazi Yenilebilir Mantarlarin Element Bilesiminin Belirlenmesi

Ali KELES, Huseyin GENCCELEP
Thecotheus lundqvistii, A New Coprophilous Ascomycete Record for

Thecotheus Iu_ndqvistii, Tirkiye icin Yeni Bir Koprofil Askomiset Kaydi
Ahmet CETINKAYA, Yasin UZUN, Abdullah KAYA

Molekiiler Yéntemlerin Kullanimi ile Tiirkiye Morchella (Kuzugbbegi)

Genetik Cesitliligine Katkilar........... ..o 142
Conributions to The Genetic Diversity of Turkish

Morchella (Kuzugobegi) with Using Molecular Techniques

Fuat BOZOK, ismail KESKINKILIC, llgaz AKATA, Mahmut YARAR, Hatira TASKIN

Devami kapak icindedir.

e-1SSN 2147-6845
Ekim 2020 Cilt: 11 Say1:2 -
i ! E-DERGI

SELGUK UNIVERSITESI _ -
MANTARCILIK UYGULAMA VE ARASTIRMA MERKEZI-KONYA-TURKIYE

i



	2. Fungal biodiversity on slippers and carpets dusts in three mosques of Edirne City, Turkey.pdf
	References

	2020 2 arka KAPAK.pdf
	1: arkakapak içi
	2: arkakapak




