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Macrofungal Diversity of Yalova Province

Hakan ALLI*", Selime Semra CANDAR', ligaz AKATA?
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Department of Biology, Kétekli, Mugla, Turkey
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Department of Biology, Tandodan, Ankara, Turkey

Abstract: Fungal samples were collected from different localities in the boundaries of
Yalova province between 2010 and 2012. As a result of field and laboratory studies, 91
species within the 41 families and 14 orders were identified. 17 of them belong to the division
Ascomycota and 74 to Basidiomycota. The species list is given with the informations on
localities, habitats, collecting dates and collection numbers.

Key words: Macrofungal diversity, Yalova, Marmara region, Turkey.

Yalova ilinin Makrofungus Gesitliligi
Oz: Mantar 6rnekleri 2010 ve 2012 yillari arasinda Yalova il sinirlar igerisindeki farkli

lokalitelerden toplanmistir. Arazi ve laboratuar ¢alismalari sonucunda, 14 ordo ve 41 familya
icerisinde yer alan 91 tur tespit edilmistir. Bunlardan 17'si Ascomycota, 74'U0 ise

Basidiomycota bdélimine

aittir. Tur listesi, lokaliteler, habitatlar, toplama tarihleri ve

koleksiyon numaralartile ilgili bilgilerle birlikte verilmigtir.
Anahtar kelimeler: Makrofungus cesitliligi, Yalova, Marmara Bélgesi, Turkiye.

Introduction

Macrofungi are specific part of kingdom
fungi that include the divisions Ascomycota and
Basidiomycota with large and easily observed
fruiting bodies (Servi et al., 2010). Most of them
are saprobes or mycorrhizal symbionts, but
some are parasitics on various plants or fungi
species. A great deal of taxonomic studies have
been carried out on Turkish macromycota for
more than 100 years. The number of these
investigations have been increased especially
for the last decade and the collected data were
presented as checklists by different research
groups (Dogan et al., 2005; Sesli and Denchey,
2008). Recently, some new contributions were
also added to list from different part of Turkey
(Acar et al.,, 2015; Akata, 2017; Akata and
Dogan, 2015; Akata and Uzun, 2017; Akata et
al., 2015, 2016a;2016b; Akgay and Uzun, 2016;
Alkan et al., 2016; Al et al, 2016; Demirel and

Corresponding author: hakanalli@gmail.com
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Kocgak, 2016; Dogan and Akata, 2015; Dogan
and Kurt, 2016; Dulger and Akata, 2016; Kaya et
al., 2016; Sesli and Topgu Sesli, 2016, 2017;
Sesliand Vizzini, 2017; Sesli et al., 2016; Oztiirk
C. etal., 2017; Oztiirk O. et al., 2016; Taskin et
al., 2016; Vizzini et al., 2016; Uzun et al., 2017).
The taxonomic investigations around the study
area are conducted by Akata (2017); Alli et al.
(2016), Karamanoglu and Oder (1973), Solak
and Gucin (1992), but there is not any report of
mycological investigation in Yalova province.

The purpose of this study is to determine
the macrofungal diversity of Yalova province and
to make a contribution to the mycobiota of
Turkey.

Yalova is a province of Marmara Region,
on the eastern coast of Marmara sea. The
province, which is comprised of 6 districts and 58
villages, is surrounded by Marmara Sea in the
north, and the west, Kocaeli province in the east,
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Bursa province in the south (Figure 1). It has an
area of 839 km? and its elevation varies from sea
level to 926 m (Kogyigit and Ozhatay, 2006;
Ozdemir and Bahadir, 2007). The area, which
falls in Euro-Siberian phytogeographical region,
is situated in the A2 grid square (Davis, 1965).
The climatic characteristics of the region shows
transition between the Mediterranean and the
Black Sea climates but continental climate
features can be seenin some periods. Summers

Ekim(2017)8(2)76-84

are hot and relatively dry, winters are warm and
rainy. The average annual mean temperature is
14.3 °C and the maximum average temperature
is 23.7 °C while the minimum average
temperature is 6.6 °C. The coldest months are
January and February, the warmest month is
July. The average annual precipitation is 1093.4
mm and the average annual humidity is 76%.
Most rainfall is seen in November, December
and January (Url. 1).
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Figure 1. Map of the research area.

The floristic composition of the province is
mainly consist of forest and maquis elements
such as hairy hoary rock-rose, French lavender,
hawthorn, mock privet, strawberry tree, laurel
tree, sage-leaved rock-rose, tree heath, thorny
broom, beech, oak, hornbeam, chesnut,
cornelian cherry, linden and pine (Kogyigit and
Ozhatay, 2006; Anonymus, 2016).
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Materials and Methods

Macrofungi samples were collected in the
boundaries of Yalova province between 2010
and 2012. Necessary morphological and
ecological characteristics of the samples were
noted and they were photographed in their
natural habitats.
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Fungal samples were further examined
and micro-structural data were obtained by light
microscopy. Some reagents such as distilled
water, Melzer's reagent, 5% KOH, H,SO,, Cotton
blue, Congo red etc. were used for microscopic
investigations. ldentification was performed
according to Breitenbach and Kranzlin
(1984-2000), Hansen and Knudsen
(1992-2000), Ryvarden and Gilbertson (1993),
Pegler et al. (1997), Calonge (1998), Kranzlin
(2005) and Medardi (2006).

Results

The species list is given in alphabetical
order with locality, notes on habitat, collection
date and fungarium numbers. The systematics
of the taxa are presented in accordance with
Cannon and Kirk (2007), Kirk et al. (2008), and
the Index Fungorum (Url. 2).
Fungi
Ascomycota
Helotiales
Helotiaceae
Hymenoscyphus calyculus (Fr.) W. Phillips:
Yalova centre, HSyUk hill, on linden branch, 600
m, 23.11.2011, Candar 250.
Pezizales
Helvellaceae
Helvella acetabulum (L.) Quél.: Yalova centre,
Guney village, mixed forest, 542 m, 25.04.2012,
Candar 375.
Helvella cupuliformis Dissing & Nannf.: Armutlu
district, beech forest, 553 m, 18.09.2012,
Candar515.
Morchellaceae
Morchella esculenta (L.) Pers.: Yalova centre,
Research orchard, pine forest, sea level,
27.11.2012, Candar 651.
Pyronemataceae
Scutellinia scutellata (L.) Lambotte: Cinarcik
district, ismaildere area, on beech stump, 350 m,
24.04.2012, Candar 360.
Scutellinia umbrorum (Fr.) Lambotte: Yalova
centre, Guney village, on linden branch, 692 m,
09.05.2012, Candar 386.
Sarcoscyphaceae
Pithya vulgaris Fuckel: Yalova centre, Pasakent
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area, on pine branch, 60 m, 27.12.2012, Candar
646.

Xylariales

Diatrypaceae

Diatrype disciformis (Hoffm.) Fr.: Yalova centre,
Sugoren village, on linden branch, 635 m,
27.12.2011, Candar 311.

Diatrype stigma (Hoffm.) Fr.: Altinova district,
Laledere area, on oak branch, 350 m,
17.07.2012, Candar477.

Diatrypella quercina (Pers.) Cooke: Yalova
centre, Mezarliktepe area, on oak branch, 542
m, 25.04.2012, Candar 379.

Xylariaceae

Biscogniauxia nummularia (Bull.) Kuntze:
Yalova centre, Mezarliktepe area, on linden
branch, 542 m, 25.04.2012, Candar 373.
Daldinia concentrica (Bolton) Ces. & De Not.:
Termal district, on linden branch, 400 m,
21.11.2011, Candar 176.

Hypoxylon fragiforme (Pers.) J. Kickx f.: Cinarcik
district, ismaildere area, on beech stump, 350 m,
24.04.2012, Candar 356.

Hypoxylon fuscum (Pers.) Fr.: Yalova centre,
Guney village, on common hazel branch, 550 m,
09.05.2012, Candar 399.

Kretzschmaria deusta (Hoffm.) P.M.D. Martin:
Cinarcik district, ismaildere area, on beech
stump, 350 m, 24.04.2012, Candar 358.

Xylaria hypoxylon (L.) Grev.: Yalova centre, Kurt
village, on chestnut stump, 362 m, 25.10.2010,
Candar 142; Altinova district, Tagkdpru area, on
beech stump, 271 m, 24.11.2011, Candar 259.
Xylaria longipes Nitschke: Altinova district,
Laledere area, on linden branch, 600 m,
09.07.2012, Candar 454.

Basidiomycota

Agaricales

Agaricaceae

Crucibulum laeve (Huds.) Kambly: Armutlu
district, on fern stem, 250 m, 31.10.2012,
Candar 582.

Lycoperdon atropurpureum Vittad.: Yalova
centre, Guney village, in meadow, 42 m,
20.06.2011, Candar 119; Altinova district,
Tagkoprl, pine forest, 271 m, 29.11.2011,
Candar 274.
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Lycoperdon echinatum Pers.: Yalova centre,
Sugoéren village, linden forest, 635 m,
27.12.2011, Candar 630.

Lycoperdon perlatum Pers.: Yalova centre,
Pasakent area, pine forest, 60 m, 23.11.2011,
Candar 201; Armutlu district, Mecidiye village,
pine forest, 250 m, 23.11.2011, Candar 238;
Lycoperdon pyriforme Schaeff.: Yalova centre,
Kurt village, on chestnut stump, 362 m,
25.10.2010, Candar 150.

Macrolepiota excoriata (Schaeff.) Wasser:
Yalova centre, Gliney village, in meadow, 42 m,
24.10.2011, Candar 114.

Macrolepiota procera (Scop.) Singer: Yalova
centre, Guney village, in meadow, 42 m,
24.10.2011, Candar 115; Termal district, in
meadow, 100 m, 21.11.2011, Candar 193.
Amanitaceae

Amanita argentea Huijsman: Cinarcik district,
Kent forest, in meadow, 530 m, 18.09.2012,
Candar 519.

Amanita caesarea (Scop.) Pers.: Termal district,
mixed forest, 100m, 21.11.2011, Candar 188.
Amanita pantherina (DC.) Krombh.: Cinarcik
district, Tesvikiye area, in meadow, 106 m,
05.06.2012, Candar 444.

Fistulinaceae

Fistulina hepatica (Schaeff.) With.: Cinarcik
district, Hasanbaba area, on oak, 30 m,
29.11.2011, Candar 294.

Hydnangiaceae

Laccaria tortilis (Bolton) Cooke: Altinova district,
Gacik area, mixed forest, 177 m, 16.07.2012,
Candar470.

Hygrophoraceae

Hygrocybe conica (Schaeff.) P. Kumm.: Yalova
centre, Sugoren village, linden forest, 635 m,
27.12.2011, Candar 639.

Hygrophorus unicolor Gréger: Termal district,
mixed forest, 400 m, 21.11.2011, Candar 170.
Inocybaceae

Crepidotus mollis (Schaeff.) Staude: Cinarcik
district, Hasanbaba area, on oak branch, 30 m,
29.11.2011, Candar 298.

Inocybe geophylla (Bull.) P. Kumm.: Yalova
centre, Kurt village, chestnut forest, 360 m,
24.10.2011, Candar 148.

Mycenaceae
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Mycena crocata (Schrad.) P. Kumm.: Yalova
centre, Kurt village, on chestnut stump, 360 m,
24.10.2011, Candar 140; Yalova centre, Hoyuk
hill, on beech stump, 600 m, 23.11.2011, Candar
257.

Omphalotaceae

Omphalotus olearius (DC.) Singer: Yalova
centre, Kurt village, on chestnut stump, 360 m,
24.10.2011, Candar 151; Cinarcik district,
Hasanbaba area, on oak stump, 30 m,
29.11.2011, Candar 281.

Physalacriaceae

Armillaria mellea (Vahl) P. Kumm.: Altinova
district, istihntam hill, on beech root, 530 m,
24.11.2011, Candar 260; Cinarcik district,
Hasanbaba area, on oak root, 30 m, 29.11.2011,
Candar 291.

Mucidula mucida (Schrad.) Pat.: Termal district,
on beech stump, 100 m, 21.11.2011, Candar
185.

Pleurotaceae

Pleurotus ostreatus (Jacqg.) P. Kumm.: Cinarcik
district, Hasanbaba area, on oak stump, 30 m,
29.11.2011, Candar 301.

Psathyrellaceae

Coprinellus disseminatus (Pers.) J.E. Lange:
Cinarcik district, Kent forest, on plane stump,
530m, 25.09.2012, Candar 538.

Coprinopsis picacea (Bull.) Redhead, Vilgalys &
Moncalvo: Yalova centre, Glney village, oak
forest, 42 m, 24.10.2011, Candar 111; Yalova
centre, Hoéyuk hill, in meadow, 600 m,
23.11.2011, Candar 247; Cinarcik district,
Hasanbaba area, in meadow, 30 m, 29.11.2011,
Candar 287.

Schizophyllaceae

Schizophyllum commune Fr.: Termal district, on
common hazel, 100 m, 21.11.2011, Candar 189.
Strophariaceae

Cyclocybe cylindracea (DC.) Vizzini & Angelini:
Yalova centre, Research orchard, chestnut
stump, sealevel, 26.09.2012, Candar 543.
Hypholoma fasciculare (Huds.) P. Kumm.:
Armutlu district, Mecidiye village, on pine stump,
495m, 23.11.2011, Candar 213.

Stropharia aeruginosa (Curtis) Quél.: Altinova
district, Gacik area, near pine forest, 177 m,
16.07.2012, Candar 635.
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Tricholomataceae

Clitocybe odora (Bull.) P. Kumm.: Yalova centre,
Kurt village, chestnut forest, 362 m, 25.10.2010,
Candar 157.

Lepista nuda (Bull.) Cooke: Cinarcik district,
Kent forest, mixed forest, 530 m, 25.09.2012,
Candar 539.

Tricholoma terreum (Schaeff.) P. Kumm.: Yalova
centre, Research orchard, pine forest, sea level,
23.11.2011, Candar 205; Armutlu district,
Mecidiye village, pine forest, 250 m, 23.11.2011,
Candar 233.

Auriculariales

Auriculariaceae

Auricularia auricula-judae (Bull.) Quél.: Yalova
centre, Kurt village, on oak branch, 362 m,
27.12.2011, Candar 306; Yalova centre,
Sugoren village, on linden stump, 635 m,
27.12.2011, Candar 313;

Exidia nigricans (With.) P. Roberts: Cinarcik
district, ismaildere area, on beech stump, 350 m,
24.04.2012, Candar 355.

Exidia glandulosa (Bull.) Fr.: Yalova centre,
Guney village, on oak branch, 30 m, 21.03.2012,
Candar 343.

Boletales

Boletaceae

Hortiboletus rubellus (Krombh.) Simonini, Vizzini
& Gelardi: Yalova centre, Guney village, oak
forest,42m, 24.10.2011, Candar 127.
Gomphidiaceae

Chroogomphus helveticus (Singer) M.M. Moser:
Armutlu district, pine forest, 250 m, 20.06.2012,
Candar 542.

Chroogomphus rutilus (Schaeff.) O.K. Mill.:
Yalova centre, Gliney village, pine forest, 42 m,
20.06.2011, Candar 129; Armutlu district,
Mecidiye village, pine forest, 250 m, 23.11.2011,
Candar241.

Paxillaceae

Paxillus involutus (Batsch) Fr.: Cinarcik district,
Kent forest, in meadow, 530 m, 18.09.2012,
Candar 508.

Rhizopogonaceae

Rhizopogon ochraceorubens A.H. Sm.: Armutlu
district, Anittepe area, pine forest, 250 m,
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23.11.2011, Candar 240.

Sclerodermataceae

Pisolithus arhizus (Scop.) Rauschert: Yalova
centre, Research orchard, pine forest, sea level,
24.10.2011, Candar 127.

Scleroderma polyrhizum (J.F. Gmel.) Pers.:
Yalova centre, Research orchard, pine forest,
sealevel, 27.11.2012, Candar 650.

Suillaceae

Suillus collinitus (Fr.) Kuntze: Yalova centre,
Pasakent area, under stone pine, 60 m,
23.11.2011, Candar 197; Yalova centre,
Reaearch orchard, pine forest, 12 m,
23.11.2011, Candar 203; Armutlu district,
Mecidiye village, pine forest, 250 m, 23.11.2011,
Candar242.

Cantharellales

Cantharellaceae

Cantharellus cibarius Fr.: Armutlu district,
Mecidiye village, pine forest, 250 m, 23.11.2011,
Candar 245.

Craterellus cornucopioides (L.) Pers.: Yalova
centre, Sugéren village, near linden forest, 635
m, 27.12.2011, Candar 319.

Dacrymycetales

Dacrymycetaceae

Calocera cornea (Batsch) Fr.: Cinarcik district,
Hasanbaba area, on oak branch, 30 m,
07.10.2016, Candar 612.

Hymenochaetales

Hymenochaetaceae

Fuscoporia torulosa (Pers.) T. Wagner & M.
Fisch.: Cinarcik district, Hasanbaba area, on
chestnut stump, 30 m, 18.09.2012, Candar 523.
Inonotus hispidus (Bull.) P. Karst.: Yalova centre,
on apple tree, sea level, 24.10.2011, Candar
109.

Phallales

Phallaceae

Clathrus ruber P. Micheli ex Pers.: Armutlu
district, Anittepe area, pine forest, 495 m,
23.11.2011, Candar 211.

Mutinus caninus (Huds.) Fr.: Armutlu district,
Mecidiye village, pine forest, 250 m, 20.06.2012,
Candar 545.
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Polyporales

Fomitopsidaceae

Daedalea quercina (L.) Pers.: Yalova centre,
Kurt village, on chestnut stump, 362 m,
25.10.2010, Candar 158.

Laetiporus sulphureus (Bull.) Murrill: Termal
district, on chestnut stump, 100 m, 21.11.2011,
Candar 194; Cinarcik district, ismaildere area,
on beech stump, 350 m, 24.04.2012, Candar
366.

Ganodermataceae

Ganoderma applanatum (Pers.) Pat.: Yalova
centre, Research orchard, chestnut stump, sea
level, 29.02.2012, Candar 336.

Ganoderma lucidum (Curtis) P. Karst.: Cinarcik
district, Hasanbaba area, on oak stump, 30 m,
29.11.2011, Candar 294; Cinarcik district,
ismaildere area, on beech stump, 350 m,
24.04.2012, Candar 359.

Ganoderma resinaceum Boud.: Altinova district,
Laledere area, on oak stump, 350 m,
17.07.2012, Candar476.

Meripilaceae

Rigidoporus ulmarius (Sowerby) Imazeki:
Cinarcik district, Tesvikiye area, on plane stump,
106 m, 20.03.2012, Candar 341.

Polyporaceae

Fomes fomentarius (L.) Fr.: Yalova centre,
Guney village, on chestnut stump, 542 m,
25.04.2012, Candar 376.

Lentinus tigrinus (Bull.) Fr.: Cinarcik district,
Kent forest, on plane stump, 530 m, 18.09.2012,
Candar512.

Lentinus substrictus (Bolton) Zmitr. &
Kovalenko: Cinarcik district, ismaildere area, on
beech stump, 350 m, 24.04.2012, Candar 362.
Lenzites betulina (L.) Fr.: Yalova centre, Gliney
village, on oak stump, 30 m, 19.09.2012, Candar
526.

Picipes melanopus (Pers.) Zmitr. & Kovalenko:
Yalova centre, Kurt village, on chesnut stump,
490 m, 05.06.2012, Candar423.

Trametes hirsuta (Wulfen) Lloyd: Armutlu
district, mixed forest, on beech branch, 177 m,
20.06.2012, Candar 541.

Trametes ochracea (Pers.) Gilb. & Ryvarden:
Ciftlikkdy district, on linden stump, 500 m,
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24.04.2012, Candar 370.

Trametes versicolor (L.) Lloyd: Termal district, on
common hazel, 400 m, 21.11.2011, Candar 177;
Yalova centre, Altinova district, HoyUk hill, on
beech, 600 m, 23.11.2011, Candar 256 ;
Cinarcik district, Hasanbaba area, on oak
stump, 30 m, 29.11.2011, Candar 292; Yalova
centre, Sugdren village, on beech, 635 m,
27.12.2011, Candar 310.

Trametes pubescens (Schumach.) Pilat: Yalova
centre, Guney village, on oak branch, 42 m,
24.10.2011, Candar 117.

Russulales

Peniophoraceae

Peniophora quercina (Pers.) Cooke: Cinarcik
district, Hasanbaba area, on oak branch, 30 m,
29.11.2011, Candar 284.

Russulaceae

Lactarius aurantiacus (Pers.) Gray: Altinova
district, Laledere area, linden-oak mixed forest,
350m, 15.07.2012, Candar473.

Lactarius deliciosus (L.) Gray: Yalova centre,
Pasakent area, pine forest, 60 m, 23.11.2011,
Candar 199; Armutlu district, Mecidiye village,
pine forest, 495m, 23.11.2011, Candar 209.
Lactarius deterrimus Grodger: Armutlu district,
Mecidiye village, pine forest, 495 m, 23.11.2011,
Candar210.

Lactarius sanguifluus (Paulet) Fr.: Yalova
centre, Research orchard, pine forest, 12 m,
23.11.2011, Candar 202.

Russula acrifolia Romagn.: Cinarcik district,
Delmece area, linden forest, 610 m, 10.07.2012,
Candar463.

Russula anatina Romagn.: Yalova centre,
Guney village, mixed forest, 62 m, 04.06.2012,
Candar413.

Stereaceae

Stereum gausapatum (Fr.) Fr.: Termal district, on
chestnut branch, 400 m, 21.11.2011, Candar
167; Yalova centre, Kurt village, on oak stump,
362m,27.12.2011, Candar 303.

Stereum hirsutum (Willd.) Pers.: Yalova centre,
Hoydk hill, on oak branch, 600 m, 23.11.2011,
Candar 249; Yalova centre, Kurt village, on oak
stump, 362 m, 27.12.2011, Candar 304;
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Thelephorales (Lycoperdon perlatum, Macrolepiota procera,
Bankeraceae Coprinopsis picacea, Tricholoma terreum,
Sarcodon fuligineoviolaceus (Kalchbr.) Pat.: Pisolithus arhizus, Suillus collinitus,
Yalova Centre, Armutlu district, pine forest, 250 Chroogomphus rutilus and Lactarius deliciosus)
m, 23.11.2011, Candar 215. are widely distributed in the research area.
Tremellales Twenty-two of ninety-one macrofungi are
Tremellaceae edible but Amanita caesarea (Yumurta mantari),
Tremella mesenterica Retz.. Yalova centre, Lycoperdon perlatum (Puf mantan), Lactarius
Guney village, on oak branch, 42 m, 24.10.2011, deliciosus (Kanlica), Macrolepiota procera
Candar 124. (Semsiye mantari) and Pleurotus ostreatus
(Kayin mantari) are consumed by local people.

Discussion Seven species (Amanita pantherina,

In this study, Ninety-one macrofungi Clitocybe odora, Hypholoma fasciculare,
species belong to 41 families and 14 orders were Inocybe geophylla, Omphalotus olearius and
presented. All species are new for Yalova Paxillus involutus) are also reported as
province. The list contains 17 Ascomycota (1 poisonous in the research area but there is not
Helotiales, 6 Pezizales and 10 Xylariales), and any report of mushroom poisoning because the
74 Basidiomycota (30 Agaricales, 3 local people collect and consume only well-
Auriculariales, 8 Boletales, 2 Cantharellales, 1 known edible mushrooms.
Dacrymycetales, 2 Hymenochaetales, 2 With the present study, 91 macrofungi
Phallales, 15 Polyporales, 9 Russulales, 1 species were determined and an important
Thelephorales and 1 Tremellales). Four orders contribution to Turkish mycobiota has been
(Agaricales, Polyporales, Russulales, Boletales) made by determining the most of the macrofungi
are the most crowded that contain 68.4% of total species in the boundaries of Yalova province.
species.

Fifty-one species are lignicolous and Acknowledgements
fourty are terricolous. The most common Authors thank Mugla Sitki Kogman University
lignicolous species in the research area are; Research Fund (project no: 11/61) for its
Xylaria hypoxylon, Armillaria mellea, Auricularia financial support. Mustafa Sevindik is also
auricula-judae, Laetiporus sulphureus, thanked for his valuable contribution to prepare
Trametes versicolor, Stereum gausapatum and the map of the study area.
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Arastirma Makalesi

Entoloma majaloides (Entolomataceae):
Turkiye Mikotasi Igin Yeni Bir Kayit

Ertugrul SESLI", Aysegiil TOPCU SESLI?

'Karadeniz Teknik Universitesi, Fatih Egitim Fakdiltesi,
Biyoloji Egitimi Ana Bilim Dali, Trabzon, Turkiye
’IMKB Mesleki ve Teknik Anadolu Lisesi,
Yenicuma Mah., Adres Sokak, Ortahisar, Trabzon, Tirkiye

Oz: Entoloma majaloides Tiirkiye'den ilk kez rapor edilmis olup, arazi ve mikroskobik
resimleri ile desteklenip kisa bir tartisma ile birlikte sunulmustur.
Anahtar kelimeler: Entoloma majaloides, Trabzon, Turkiye, Yeni kayit.

Entoloma majaloides (Entolomataceae):
A New Record for the Turkish Mycota

Abstract: Entoloma majaloides was reported for the first time from Turkey, supported
with field and microscopical images and was presented with a short discussion.
Key words: Entoloma majaloides, Trabzon, Turkey, New record.

Girig

Entoloma Fr. ex P.Kumm., genellikle
toprak lUzerinde yetisen pembe sporlu
mantarlarin olusturdugu binden fazla tir iceren
oldukga buyuk bir cinstir (Kirk ve Ark., 2008).
Grup Uyelerinin friktifikasyon organlari ¢ok
cesitlidir. Sapka konik, kiremsi, icbukey veya
nispeten duz; cesitli renklerde; yizeyi genellikle
cizgili, az veya cok lifli, pullu, tozlu, damarli veya
diz olup Uzerinde tepe seklinde merkezi bir
¢ikinti veya zit yénde i¢e dogru si1g§ veya derin bir
gukurluk bulunur. Lameller serbest, sapa kisa bir
bolgede birlesik veya sap lizerine yayilmis; farkl
siklikta ve c¢ok cesitli renklerde olabilir. Sap
genellikle uzunlamasina lifli, pullu, tozlu, parlak
ve cesitli renklerde; bazi turlerde merkezde,
kismen merkez disinda veya yanal olabilir.
Bazidiyumlar genellikle 4 sporlu; sistityumlar
sadece bazi tirlerde mevcuttur. Sporlar késeli ve
genellikle kalin ¢eperlidir. Grup Uyeleri gurukedl
veya mikorizal, ender olarak da parazit yasar

Sorumlu yazar: ertugrulsesli@yahoo.com

(Noordeloos, 1992; Knudsen ve Vesterholt,
2008).

Son yillarda Tirkiye mikotasinin
belirlenmesi amaciyla gercgeklestirilen
calismalarda gesitli yeni kayitlar saptanmistir
(Kasik ve Ark., 2013; Akata ve Ark., 2014; Akata
ve Ark., 2016; Dogan ve Kurt, 2016). Calismanin
amacl; bazidiyokarplari Turkiye'den ilk kez
toplanan E. majaloides P.D.Orton (Domuz
ickenarr) mantarini tanitmaktir.

Materyal ve Metot

Bazidiyokarplar 2016 yih Ekim ayinda
Trabzon-Hidirnebi Yaylasi'nda gergeklestirilen
arazi ¢calismalari sirasinda toplanmistir. Arazide
saptanan bazidiyokarplarin éncelikle fotograflari
cekilmis, yakininda bulunan bitki tdrleri not
edildikten sonra toplanarak laboratuvara
getirilmistir
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Sekil 1. Entoloma majaloides: a—b= Bazidiyokarplar (6l¢cek ¢cubuklari: a= 50 mm, b= 25 mm).
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Spor izleri alindiktan sonra kurutularak
fungaryum dolabina yerlestirilen bazidiyo-
karplardan daha sonra kesitler alinarak
bazidiyum ve hifal yapilari gérintilenmistir.
incelemelerde Kongo kirmizisi, amonyak ve saf
su kullaniimistir. Sporlar sikma ydntemi veya
dogrudan spor izinden alinan numunelerin
incelenmesi ile goruntilenmistir. Gérintileme
islemlerinde Zeiss Axio Imager arastirma
mikroskobu; él¢ciimlerin yapilmasinda ise Zeiss
Axiocam marka kamera ile birlikte Zen 2 (mavi
versiyon) yazilim programi kullaniimistir.

Bulgular

Entolomataceae Kotl. & Pouzar 1972.

Entoloma Fr. ex P.Kumm., Fihr. Pilzk.: 23
(1871)./ ickenar.

E. majaloides P.D.Orton, Trans. Br. Mycol.
Soc. 43(2): 230 (1960) (Sekil 1, 2). /| Domuz
ickenari. [Sin.: Rhodophyllus majaloides
(P.D.Orton) M.M.Moser, Kl. Krypt.Fl., Edn 3(2):
156 (1967)., Entoloma sericatum var. majaloides
(P.D.Orton) Krieglst., Die Grof3pilze Baden-
Wirttembergs, 4. Standerpilze: Blatterpilze 2:
443 (2003).]

Teshis: Sapkasi koyu bal veya agik
kahverengi, sapi beyaz ve egri, lamelleri genis
ve soluk pembe, eti ince ve tatli, kokusu belirgin
olmayan, tabanda beyaz miselleri bulunan,
gevsek yapili ve genellikle nemli ortamlarda
yayilig gbsteren bir mantardir.

Sapka: 20-60 mm; geng iken koni veya
yarl kire bigciminde, zamanla daha diiz olup
ortasinda yukariya dogru yayvan tepe seklinde
bir ¢ikinti bulunur. Fazlaca muntazam olmayip,
yer yer kenarlari yirtik veya dalgall ve ylzeyi
olukludur. Tepesi ile kenari arasinda yarigapin
yarisina kadar uzanan saydam ve isinsal gizgiler
bulunur. Soluk kaverengi veya sarimsi
kahverengiden bal rengine kadar degismekle
birlikte merkeze dogdru daha koyu ve kenarlara
dogru daha acik renklidir.

Lameller: Nispeten seyrek, geng¢ iken
beyaz, zamanla hafif pembemsi, kenarlari
hemen hemen diiz, genis fakat; sapa baglanma
yerinde daralmistir. Olgun lamellerin sayisi
35-45 arasinda, iki olgun lamel arasindaki
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olgunlagsmamis olanlarin sayisi ise 1-4
civarindadir. Sapka eti ince, gri, bej veya soluk
kahverengidir.

Sap: 30-60 x 5-10 mm, silindir
gbériniminde fakat; tepeden tabana dogru
gittikge incelir ve genellikle egridir. YUzeyi beyaz,
uzunluguna lifli, az veya ¢ok tozlu gériinimdedir.
Geng iken i¢i dolu zamanla bostur. Tabaninda
beyaz miselyum bulunur ve dokunma ile hafifce
sararma gorulebilir.

Bazidiyosporlar: 5-7 acili, saydam,
8-10 % 7.5-9 um; sporizi pembemsidir.

Bazidiyumlar: 40-50 x 11.5-14 pm,
comak seklinde, seffaf, tanecikli ve 4 sporludur.
Lamel hifleri dizenli ve bazilari kancal olup
sistityum izlenmemistir.

Tirkge isim Etimolojisi: “Entoloma”
cinsine verilen “ickenar’ ve “E. majaloides”
turtine verilen “Domuz ickenarr” adlari, Latince
isimlerinden esinlenilerek turetilmistir.

incelenen materyal: Trabzon, Hidirnebi
Yaylasi, 40°57'34.17"K, 39°25'31.93"D, 1459 m,
01 Ekim 2016; gruplar halinde ladin (Picea
orientalis L.) altinda, Fatih Egitim Fakiltesi
Kisisel Fungaryumu 3792.

Tartisma

Bu calismada E. majaloides P.D.Orton
(Domuz igkenari) Turkiye igin yeni kayit olarak
belirlenmistir (Sesli ve Denchev, 2008).
Calismada saptanan makroskobik ve
mikroskobik veriler, mevcut literatirlerle yliksek
duzeyde benzerlik gdstermistir (Noordeloos,
1992; Breitenbach ve Kranzlin, 1991). Yeni kayit
kendine 6zgl morfolojisi ile kolayca teshis
edilebilen bir Entoloma turadur.

E. majaloides P.D.Orton (Domuz
ickenari)'nin benzerlik gosterdigi tirlerden birisi
E. rhodopolium (Fr.) P.Kumm. olmakla birlikte,
bu turin bazidiyosporlari daha farkli dlgilerde
(6.5-9.5 x 5.5-7.8 ym) ve sapkasi ¢cok daha agik
renklidir. Nispeten benzer olan diger bir tir (E.
sericatum (Britz.) Sacc.) narin yapisi, oldukga
kicuk sapkasi (8-=20 mm) ve ince yapili sapi
(1-3 mm) ile yeni kayittan kolaylikla ayirt
edilebilir.
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Sekil 2. Entoloma majaloides: a. sapka derisi hifleri, b. bazidiyumlar, c. bazidiyosporlar (6lgcek
gubuklari: a-=c= 10 pym, b= 20 uym).

Kismen benzerlik gdsteren Entocybe
turbida (Fr.) T.J.Baroni, V.Hofst. & Largent'nin
bazidiyosporlari daha kuguk (6.5-8.2 x 5.8-7.5
um) ve sapkasi daha koyu gri-kahverengidir
(Noordeloos, 1992; Breitenbach ve Kranzlin,
1991).
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Kultire Ainmis Lentinula edodes'in Metanol Ekstraktinin
Antioksidan ve In Vitro Bazi Enzim Inhibitér Aktiviteleri
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Oz: Shiitake mantari adiyla da bilinen Lentinula edodes (Berk.) Pegler Dogu Asya'ya
6zgu yenilebilir bir mantar olup antioksidan ve antimikrobiyal 6zellikleriyle tedavi edici etkiler
icermektedir. Bu ¢alismanin ilk kismi Tarkiye'deki kultlr L. edodes'in metanolik ekstraktinin
antioksidan aktivitesini ayrica total fenolik ve flavonoid igerigini ilk kez tespit etmeyi
amacladi. Calismanin ikinci kisminda, bu mantar ekstraktinin kolinesteraz, tirozinaz, amilaz
ve glukozidaza kargi enzim inhibitér potansiyelleri arastirildi. Bu ¢alismada rutin
calismalardan farkli olarak ultrasonik ekstraksiyon yontemi kullanildi. Ekstrakttaki total
fenolik ve flavonoid igerikleri de Folin-Ciocalteu ve AICI, yontemleriyle tespit edildi.
Antioksidan aktiviteleri serbest radikal stipirme (DPPH ve ABTS), indirgeme giicl (FRAP ve
CUPRAC), fosfomolibdat ve metal selatlama testleri gibi farkli ydntemlerle arastirildi. In vitro
enzim inhibitér potansiyelleri bir mikroplate okuyucuyla él¢tldi. Bu ¢alismada flavonoid
icerik ve tirozinaz enzim inhibisyonu tespit edilemedi. Ayrica L. edodes ekstraktinin
antioksidan aktivitesi ve enzim inhibisyonu verilerinin 6zellikle, poptler ve etkili bir baska
tibbi mantar olan Ganoderma lucidum'un ekstraktindan elde edilen verilerden daha disuk
oldugu dikkat ¢ekti.

Anahtar kelimeler: Antioksidan, kiltur Lentinula edodes, enzim inhibisyonu.

Antioxidant and In Vitro Some Enzyme Inhibitory Activities of
Methanolic Extract of Cultivated Lentinula edodes

Abstract: Lentinula edodes (Berk.) Pegler, as called Shiitake mushroom, is an edible
fungus native to East Asia and contains several therapeutic actions such as antioxidant and
antimicrobial properties. The first part of this work aimed to evaluate the antioxidant activity of
methanolic extract of cultivated L. edodes in Turkey for the first time, as well as to measure
the content of total phenolic and flavonoid compounds of mushroom extract. In the second
part of this work, the enzyme inhibitory potentials of this mushroom extract were investigated
against cholinesterase, tyrosinase, amylase and glucosidase. In this study, ultrasonication
assisted extraction method was used in contrast to routine methods. Total phenolics and
flavonoids contents in the extract were determined by Folin-Ciocalteu and AICI, assays.
Antioxidant activities were investigated by using different assays, including free radical
scavenging assays (DPPH and ABTS) reducing power (FRAP and CUPRAC),
phosphomolybdenum and metal chelating assays. The in vitro enzyme inhibitory potentials
were measured with a microplate reader. Flavonoid content and tyrosinase enzyme
inhibition could not be detected in the present study. It has been noted especially that the
antioxidant activity and enzyme inhibition data of the L. edodes extract were lower than those
ofthe Ganoderma lucidum, another popular and effective medical mushroom.

Key words: Antioxidant, cultivated Lentinula edodes, enzyme inhibition.

Sorumlu Yazar: hozparlak@selcuk.edu.tr
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Girig

Dogal ve kuiltura yapilan makrofunguslar
tum dinyada oldugu gibi Turkiye'de de basta
gida olmak Uzere yodun bir sekilde tuketil-
mektedir. Besin degerlerinin yani sira makrofun-
guslar antimikrobiyal, antioksidan, antikanse-
rojen ve immuinostimulan gibi biyolojik etkilere
sahiptirler. Makrofunguslarin genis bir biyolojik
aktivite yelpazesine sahip olmalari 6zellikle
ilaglara alternatif olma yolunda énemlerini her
gecen gln daha da artirmaktadir. Ganoderma,
Pleurotus, Lactarius, Auricularia, Hericium ve
Lentinula gibi cinslere ait bazi mantar tirleri
sahip olduklari biyolojik aktiviteleriyle tibbi
acidan dikkat gekmektedirler (Ustiin, 2011).
Shiitake mantari olarak da adlandirilan Lentinula
edodes (Berk.) Pegler, dinyada kulttri yapilan
mantar dretiminin %10'unu olusturmaktadir.
Basta Uzakdogu ulkeleri olmak Uzere Asya,
Avrupa ve Amerika'da Uretimi artmakta olan
Shiitake mantari taze ve kurutulmus olarak
tiketilmektedir. Protein, vitamin ve mineral
maddeler bakimindan olduk¢a zengin olmasi
yani sira blnyesinde bulunan Lentinan
maddesinin bir kanser tedavisinde olumlu sonug
vermis olmasi sebebiyle tip alaninda kullanil-
masi L. edodes'e olan ilgiyi artirmaktadir
(Ozgelik ve Peksen, 2006).

GunUmuzde serbest radikallerin nukleik
asit, lipid, protein ve karbohidratlarla etkileserek
doku ve hicre hasarinin ortaya ¢ikmasinda
6nemli rol oynadigi, ayrica pek ¢ok kanser
tirine, kardiovaskiler hastaliklara, dejeneratif
ve kronik hastaliklarin gelismesine sebep
oldugu bilinmektedir (Aruoma, 1996; Hou ve
ark., 2003). Organizmada serbest radikalleri
veya bunlarin zararl etkilerini gideren enzimatik
savunma sistemleri vardir. Ancak insanlar
gunluk hayatta dengesiz beslenme, ila¢
kullanimi, stres, sigara kullanimi, UV isinlari ve
cevre kirliligi gibi cesitli faktérlere maruz
kaldiklari i¢in bu savuma sisteminin ¢alismasi
bozulmakta, bunun sonucunda organizmada
serbest radikallerin birikimi ve zararh etkilerinin
ortaya ¢ikmasi s6z konusu olmaktadir. Bundan
dolayi antioksidan olarak nitelendirilen bilesik-
lerin insanlar tarafindan diyetle alinmalari
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oldukga 6énem kazanmaktadir. CUnkl antioksi-
danlar serbest radikalleri ¢esitli mekanizmalarla
(toplayici, bastirict ve zincir kirici etkilerle)
etkisiz hale getirirler veya serbest radikallerin
olusturduklari hasarlari onarirlar (Halliwell,
1994; Shahidi, 1996).

Enzim inhibisyonu teorisi giinimizde pek
cok saglik probleminin tedavisinde en ¢ok kabul
gobren stratejilerden birisidir. Bu teori hastalik
belirtilerinin hafifletiimesi icin anahtar enzimleri
inhibe etme temeline dayandigindan ¢ok sayida
enzim inhibitdrl olan sentetik ilag Uretilmektedir.
Ancak bu ilaglarin etkinliklerinin sinirli olmasi ve
yan etkileri olmasi gibi olumsuz yd&nleri dogal
enzim inhibitérlerinin dnemini artirmaktadir.
Asetilkolinesteraz (AChE) ve bdtirilkolinesteraz
(BChE) Alzheimer hastaligiyla, a-amilaz ve a-
glukozidaz diabetle ve tirozinaz ise deri hastalik-
lariyla iligkili enzimlerdir ve bu hastaliklarin
tedavisinde bu enzimleri inhibe eden sentetik
inhibitdrler kullaniimaktadir. Bununla birlikte
sentetik olanlarin yerine kullanilacak dogal
inhibitdrlerin tespit edilmesine yénelik ¢galismalar
her gecen gin daha ¢ok populer olmaktadir
(Melzer, 1998; Tocco ve ark., 2009; Tundis ve
ark.2010).

Bu calismada Turkiye'de dogal yayilis
gdstermeyen bununla birlikte son yillarda
Ulkemizde kultur yetigtiriciligiyle gindeme gelen
L. edodes'in kultir formundan ultrasonik
ekstraksiyon yontemiyle hazirlanan metanolik
ekstraktinin antioksidan o6zelliklerinin ortaya
konmas! yani sira bazi enzim (AChE, BChE,
tirozinaz, a-amilaz ve a-glukozidaz) inhibitér
6zelliklerinin ilk kez belirlenmesi amagclandi.

Materyal ve Metot
Mantar materyali ve ekstraktlarin

hazirlanmasi

Kiiltdir L. edodes 6rnekleri (Sekil 1) Selguk
Universitesi Mantarcilik Uygulama ve Arastirma
Merkezi MUdurligu'ndeki kiltir ortamindan elde
edildi ve laboratuarda 6zel kurutma dolaplarinda
40-45°C'de kurutularak degirmende toz haline
getirildi. Bu ¢alismada rutin yontemlerin aksine
ultrasonik ekstraksiyon yéntemi kullanildi.
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Sekil 1. Lentinula edodes'in kiltir ortamindaki
gorinimu

Metanolik ekstraktin hazirlanmasi icin 20 mL
metanol igerisindeki kurutulmus 10 g mantar
ornedi 60 dk sureyle 30°C'lik bir sonikatdr
banyoda (WiseClean, WUC-DO6H) bekletildi.
Daha sonra 40°C'de rotary evaporatérde
metanol uzaklastinldi ve elde edilen ekstrakt
analize kadar +4°C'de saklandi.

Toplam Fenolik Madde Tayini

Mantar ekstraktindan (2 mg/mL) 250 pL
bir deney tlptne alindi ve ardindan 1mL Folin-
Ciocalteu reaktifi (1:9 oraninda seyreltilerek)
eklendi. Daha sonra 750 pL %1'lik Na,CO,
cozeltisinden ilave edildi. Bu karigim karanlikta
ve oda sicakliginda 2 saat bekletildikten sonra
765 nm'de absorbansi 6l¢ildi (Shimadzu UV-
1800). Tum islemler standart olarak kullanilan
gallik asit icin de gerceklestirildi. Mantar
orneginin fenolik madde icerigi g ekstraktta gallik
asit es degeri (mgGAE/g) olarak sunuldu
(Zengin ve ark., 2015; Ozparlak ve ark., 2016a).

Toplam flavonoid madde tayini

Mantar ekstraktindan (1 mg/mL) 1 mL
deney tupune konuldu ve ardindan 1mL
metanolik AICI, ¢dzeltisi eklendi. 10 dakika
bekledikten sonra 415 nm'de karisimin kére
karsi absorbansi belirlendi. Tim islemler
standart flavonoid olan rutin igcin de yapilarak
rutine ait kalibrasyon egrisi ¢izildi. Mantar
orneginin toplam flavonoid madde igeridi g
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ekstraktta rutin es deger (mgRE/g) olarak
sunuldu (Zengin ve ark., 2015; Ozparlak ve ark.,
2016a).

DPPH radikal giderme (siipiirme)
aktivitesinin belirlenmesi

Metanolik DPPH ¢dzeltisi %0.004'luk
olacak sekilde hazirlandi, ardindan mantar
ekstraktinin 1 mL'si hazirlanan DPPH
¢ozeltisinin 4 mL'siyle karistinildi. TUpun agizi
kapatilip iyice karistirildiktan sonra karanlikta ve
oda sicakhginda 30 dakika bekletildi. Ardindan
absorbans 517 nm'de okundu. Ayni islemler
troloks icin de gerceklestirildi ve mantar
orneginin DPPH radikalini giderme (stpurme)
aktiviteleri g ekstraktta troloks es deger
(mgTE/g) olarak sunuldu (Zengin ve ark., 2015;
Ozparlak ve ark., 2016a).

ABTS radikal giderme aktivitesinin
belirlenmesi

Bu metotta ABTS" radikal katyonu, 7.4
mM ABTS solisyonu ile 2.45 mM potasyum
persilfatin reaksiyona girmesiyle direk olarak
Uretildi. Bu karisim 12-16 saat karanlikta
bekletilerek aktif radikal olusmasi saglandi.
Analizden 6nce ABTS sollisyonunun 734 nm'de
absorbansi 0.700+0.02 olacak sekilde metanolle
seyreltildi. Mantar ekstraktindan 1 mL alinarak 2
mL ABTS sollisyonuyla karistirildi. Kapal tip
oda sicakliginda 30 dakika bekletildi ardindan
absorbans 734 nm'de okundu. Ayni islemler
troloks icinde gerceklestirildi ve ekstraktin ABTS
katyon radikalini supurme aktivitesi troloks es
deger (mgTE/g) olarak sunuldu (Zengin ve ark.,
2015; Ozparlak ve ark., 2016a).

FRAP testi

Bu test igin 6ncelikle 0.3 M pH'si 3.6 olan
asetat tamponu, 10 mM TPTZ ve 20 mM
FeCl,'tn 10:1:1 oraninda karistiriimasiyla FRAP
reaktifi hazirlandi. Mantar ekstraktinin 0.1 mL'si
hazirlanan FRAP reaktifinin 2 mL'siyle
karistirilarak, oda sicakliginda 30 dakika
inkbasyona birakildi. Bu karigimin absorbansi
593 nm'de okundu ve sonuglar g ekstraktta
troloks esdeger (mgTE/g) olarak sunuldu
(Zenginve ark., 2015; Ozparlak ve ark., 2016a).
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CUPRAC testi

Mantar ekstraktindan 0.5 mL alinarak
dzerine 1 mL CuCl,.2H,0 (10 mM), 1 mL
amonyum asetat (1 M; pH:7) ve 1 mL neokuproin
(7.5 mM) cozeltileri konuldu. Agizi kapali bir
bicimde karanlikta ve oda sicakliginda 30 dakika
bekletilerek ardindan absorbanslari 450 nm'de
okundu. Sonuglar g ekstraktta troloks esdeger
(mgTE/qg) olarak sunuldu (Zengin ve ark., 2015;
Ozparlak ve ark., 2016a).

Fosfomolibdat testi

2 mg/mL konsantrasyonunda mantar
ekstraktindan 0.3 mL bir tipe alinarak, bunun
Uzerine reaktif ¢ozeltisinden (0.6 M H,SO,, 28
mM Na,HPO,.12H,0 ve 4 mM amonyum
molibdat) 3 mL eklendi. lyice karistirilan tip
95°C'de 90 dakika inkibe edildi ve ardindan
¢Ozeltilerin absorbansi 695 nm'de okundu. TUm
islemler standart antioksidan olarak kullanilan
troloks icin de uygulandi. Antioksidan aktivite g
ekstraktta troloks esdegeri (mmoITE/g) olarak
sunuldu (Zengin ve ark., 2015; Ozparlak ve ark.,
2016a).

Metal selatlama aktivitesi

Mantar ekstraktinin Fe® iyonlarini
selatlama kapasitelerini belirlemek igin 6nce
icerisinde 2 mL ekstrakt (1 mg/mL) bulunan
deney tipiine 2 mM 0.05 mL FeCl,¢ozeltisi ilave
edildi. Reaksiyon 0.2 mL 5 mM ferrozin ilavesiyle
baslatildi, tipler karistirildiktan sonra oda
sicakhginda 10 dakika inkibasyona birakildi ve
ardindan 562 nm'de absorbans &l¢gimi
gerceklestirildi. Tum iglemler selatlayici ajan
olan EDTA iginde uygulandi. Sonuglar g
ekstraktta EDTA es deger (mgEDTAE/g) olarak
sunuldu (Zengin ve ark., 2015; Ozparlak ve ark.,
2016a).

Antikolinesteraz aktivitesi

Kolinesteraz inhibitér aktivite 96
kuyucuklu mikroplate kullanilarak &lguldu.
Mikroplate kuyucuklarina 2 mg/mL konsantras-
yondaki 50 yL mantar ekstrakti, 125 yL DTNB
[5,5-Dithio-bis(2-nitrobenzoik) asit], 25 pL Tris-
HCI tamponunda (pH=8.0) hazirlanan AChE
veya BChE enzim ¢ozeltisi ilave edildi. Ardindan
karisim oda sicakliginda 15 dakika bekletilerek
25 pL asetiltiyokolin iyodur (ATCI) veya

93

Ekim(2017)8(2)90-98

butiriltiyokolin iyodur (BTCI) eklendi. Ayni
sekilde, AChE veya BChE enzim ¢ozeltisi
olmadan hazirlanan reaksiyon reaktiflerine
ornek ¢ozeltisi ilave edilerek kor hazirlandi. Oda
sicakliginda 10 dakika sireyle inkiibe edildikten
sonra Orneklerin ve kérlerin absorbanslari
mikroplate okuyucuda 405 nm'de kaydedildi.
Korlerin absorbanslari drneklerden c¢ikarilarak
gercek absorbanslara ulasildi. Kolinesteraz
inhibitér aktiviteleri g ekstraktta galantamine
esdeger (MgGALAE/g) olarak sunuldu (Zengin
ve ark., 2015; Ozparlak ve ark., 2016b).
Antitirozinaz aktivitesi
Bu galismada tirozinaz inhibitér aktivite L-
DOPA'nin substrat olarak kullanildigi
dopachrome yéntemiyle belirlenmeye calisildi.
Mikroplate kuyucuklarina 2 mg/mL
konsantrasyondaki 25 yL mantar ekstrakti, 40 pL
tirozinaz ¢ozeltisi ve 100 uL fosfat tamponu
(pH=6.8) ilave edildi. Bu karisim 15 dakika
streyle 25°C'de bekletildikten sonra 40 yL L-
DOPA eklendi. Ayni sekilde, tirozinaz enzim
¢bzeltisi olmadan hazirlanmis reaksiyon
reaktiflerine 6rnek c¢dzeltisi eklenerek kor
hazirlandi. Orneklerin ve kérlerin absorbanslari
10 dakika oda sicakliginda inkibe edildikten
sonra mikroplate okuyucuda 492 nm'de
kaydedildi. Koérlerin absorbanslari érneklerden
¢cikarilarak gercek absorbanslara ulasildi.
Tirozinaz inhibitdr aktiviteleri g ekstraktta kojik
asite esdeger (mgKAE/g) olarak sunuldu
(Zengin ve ark., 2015; Ozparlak ve ark., 2016b).
Antiglukozidaz aktivitesi
a-glukozidaz inhibitér aktivitenin
belirlenmesi i¢cin mikroplate kuyucuklarina 2
mg/mL konsantrasyondaki 50 pL mantar
ekstraktl, 50 L glutatyon, fosfat tamponunda
¢6ztinmus 50 pL a-glukozidaz ¢ézeltisi ile 50 pL
PNPG (4-p-nitrofenil-a-D-glukopiranozid) ilave
edilerek 10 dakika sureyle 37°C'de inklbe edildi.
Ayni sekilde, a-glukozidaz enzim c¢ézeltisi
konmadan hazirlanmis reaksiyon reaktiflerine
ornek c¢oOzeltisi eklenerek kor hazirlandi.
Reaksiyon 0.2 M 50 pL sodyum karbonat
ilavesiyle tamamlandi.
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Orneklerin ve kérlerin absorbanslari mikroplate
okuyucuda 400 nm'de kaydedildi ve korlerin
absorbanslari érneklerden c¢ikarilarak gergek
absorbanslara ulasildi. a-glukozidaz inhibitdr
aktiviteleri g ekstraktta akarboza esdeger
(mmolAKAE/g) olarak sunuldu (Zengin ve ark.,
2015; Ozparlak ve ark., 2016b).
Antiamilaz aktivitesi

Bu calismada a-amilaz inhibitér aktivite
Caraway-Somogyi iyot/potasyum iyodur (IKI)
yéntemiyle belirlendi. Mikroplate kuyucuklarina
2 mg/mL konsantrasyondaki 25 pyL mantar
ekstrakti ve fosfat tamponunda (pH=6.9 ve 6 mM
sodyum klorlr) hazirlanmis 50 pL a-amilaz
gOzeltisi eklenerek, 10 dakika sireyle 37°C'de
inkUbe edildi. Ardindan bu érneklere %0.05'lik 50
ML nisasta c¢ozeltisi eklendi. Ayni sekilde, a-
amilaz enzim c¢ozeltisi olmadan hazirlanmis
reaksiyon reaktiflerine 6érnek coézeltisi ilave
edilerek kér hazirlandi ve karisim 10 dakika
sureyle 37°C'de inkibe edildi. 1 M 25 pyL HCI
eklenerek reaksiyon durduruldu ve ardindan 100
pL iyot-potasyum iyodir ¢ozeltisi ilave edildi.
Orneklerin ve kérlerin absorbanslari mikroplate
okuyucuda 630 nm'de kaydedildi ve korlerin
absorbanslari drneklerden c¢ikarilarak gercek
absorbanslara ulasildi. a-amilaz inhibitor
aktiviteleri g ekstraktta akarboza esdeger
(mmolAKAE/g) olarak sunuldu (Zengin ve ark.,
2015; Ozparlak ve ark., 2016b).

Bulgular ve Tartisma

Antioksidan kapasiteyi tamamiyla ortaya
koyan tek bir metot henliiz gelistirilememis
olmasindan dolay! birden fazla metot kullani-
larak antioksidan tablonun timdiyle yorumlan-
masi daha dogru olacaktir. Bu sebeple bu
calismada da L. edodes'in kiltir formundan elde
edilen metanolik ekstraktin antioksidan 6zellik-
leri farkli antioksidan test sistemleri kullanilarak
belirlenmeye g¢alisilmistir. Ayrica, ekstraktlarin
toplam fenolik ve flavonoid igerikleri de
arastirimistir. Ancak bu ¢aligmada L. edodes'de
flavonoid icerik tespit edilmemistir. Benzer
sekilde, Gil-Ramirez ve ark. (2016) mantarlarda
flavonoidlerin bulunamayacagini rapor etmisler-
dir. Fenolik bilesikler, antimikrobiyal, antikanser
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ve antioksidan aktivite gibi oldukg¢a genis bir
sahada biyolojik potansiyele sahip olmalari
sebebiyle oldukga ilgi ¢eken bir bilesik grubudur.
L. edodes ekstraktinin toplam fenolik igerigi
spektrofotometrik Folin metoduyla tespit
edilmistir (Tablo 1). Bununla birlikte L. edodes'in
toplam fenolik igerigini, giinimizde oldukga
poptuler ve etkili bir bagka tibbi mantar olan
Ganoderma lucidum (Curtis) P. Karst'in
Tarkiye'deki yabani ve kulttir formlarinin sulu
ekstraktindan elde edilen fenolik icerigiyle
(Ozparlak ve ark., 2016a) karsilastirdigimizda L.
edodes'in daha dusik igerige sahip oldugu
gorilmektedir (Tablo 1).

Genellikle antioksidan kapasite ¢alisma-
larinda en az bir radikal kullanilarak incelenen
ekstraktin bu radikali hangi seviyede giderdigi
tespit edilmeye ¢alisilmaktadir. En ¢ok kullanilan
radikaller DPPH ve ABTS radikalleridir. DPPH
stabil bir radikaldir ve metanolik ¢ézeltisi mor
renklidir. Antioksidan maddelerin bu radikale
elektron veya hidrojen aktarmalariyla mor renk
sari renge donusmektedir. Bu renk degisimi 517
nm'de spektrofotometrik olarak o&lgtilimektedir.
ABTS radikali ise potasyum persilfatla
reaksiyona girerek 12-16 saat sonra aktif hale
gelmekte ve radikalin koyu mavi rengi
antioksidan maddelerin etkisiyle agilmaktadir. L.
edodes ekstraktinin bu iki metoda goére radikal
giderme etkinligi Tablo 1'de verilmistir ve
gorilebilecegi gibi bu etkinlikler G. lucidum'dan
elde edilen degerlerden (Ozparlak ve ark.,
2016a) oldukga disuktir. Bu durum L. edodes
ekstraktindaki fenolik bilesik miktarinin disik
olmasi ile aciklanabilir ve gesitli arastirmacilar
da benzer sekilde fenolik bilesik duzeyi ile
serbest radikal giderme arasinda guglu bir
iliskinin varligini rapor etmislerdir (Chen ver ark.,
2017; Zhangve ark., 2017).

indirgeme giicli antioksidan kapasitenin
Olctilmesinde 6nemli bir parametredir ve
antioksidan bilesiklerin elektron verme yetene-
gini gosterir. Bu ¢alismada CUPRAC ve FRAP
testleri uygulanmistir. CUPRAC testi antioksi-
dan bilesiklerin Cu*-neokuproin kompleksini
Cu"'e indirgemesine ve 450 nm'de bu degisimin
Olgulmesi prensibine dayanir.
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Tablo 1. Lentinula edodes'in metanol ekstraktinin antioksidan aktivitesi ve Ganoderma lucidum'dan daha

Once elde edilen sonuglarile karsilastiriimasi

Parametreler Lentinula Ganoderma  Ganoderma
edodes lucidum lucidum
(Kiiltiir) ® (Yabani)®
Toplam fenolik igerik (mgGAE/g ekstrakt) 5.25+0.35*  21.22+0.17 25.58+0.15
Toplam flavonoid igerik (mgRE/g ekstrakt) * 0.78+0.14 0.67+0.13
DPPH radikal giderme aktivitesi (mgTE/g 7.43+0.29 16.10+£0.84 17.67+0.06
ekstrakt)
ABTS radikal giderme aktivitesi (mgTE/g 30.88+2.26 75.3910.61 83.44+0.23
ekstrakt)
FRAP aktivitesi (mgTE/g ekstrakt) 6.47+0.11 38.15+0.59 46.55+0.45
CUPRAC aktivitesi (mgTE/g ekstrakt) 16.51£0.75  59.91+0.77 78.02+0.69
Fosfomolibdat aktivitesi (mmolTE/g ekstrakt) 0.4310.03 0.41+0.06 0.46+0.10
Metal selatlama aktivitesi (mgEDTAE/g 6.35+0.20 8.02+0.05 14.45+0.15

ekstrakt)

*(g paralel 6lgiimiin ortalamasitstandart sapma.
**Qlglebilir flavanoid igerik tespit edilememistir.

GAE: gallik asit esdegeri; RE: rutin esdegeri; TE: trolox esdegeri; EDTAE: EDTAesdegeri.

*Ozparlak ve ark. (2016a)'na gére

FRAP testinde ise Fe”-TPTZ kompleksinin
Fe™ye indirgenmesi ve bunun 595 nm'de
spektrofotometrik 6lgimi s6z konusudur. L.
edodes ekstraktinin bu iki metoda goére indirgeme
glici Tablo 1'de sunulmustur ve bu degerlerin G.
lucidum'dan elde edilen indirgeme gugclerinden
(Ozparlak ve ark., 2016a) oldukga diisiik oldugu
tespit edilmistir. Fosfomolibdat testi asidik
ortamda antioksidan bilesiklerin Mo(VI)'yi
Mo(V)'e indirgemesine ve olusan yesil renkli
Mo(V)-fosfat kompleksinin 595 nm'de olglimesi
temeline dayanir. Ekonomik ve kolay olmasindan
dolayr son yillarda antioksidan kapasite
calismalarinda ¢ok tercih edilmektedir. L. edodes
ekstraktinin bu testteki aktivitesi 0.43 mmolTE/g
ekstrakt olarak belirlenmistir. Bu deger G. lucidum
icin rapor edilenlerle (Ozparlak ve ark., 2016a)
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benzerlik géstermektedir(Tablo 1). Bu durum L.
edodes ekstraktinda fenolikler disinda cesitli
bilesiklerin (askorbik asit, tokoferol vb.)
fosfomolibdat testinde aktif rol aldigini
gostermektedir.Gecis metalleri Fenton ve Haber-
Weiss reaksiyonlariyla hidroksil radikalinin
Uretiminde bir katalizér gibi rol Ustlenir. Hidroksil
radikali lipid peroksidasyonun bir baslaticisidir ve
bu radikalin etkisiz hale getiriimesi blyluk énem
arz eder. Bu sebeple gecis metallerinin selatlama
yetenedi antioksidan &6zelliklerin basinda
gelmektedir. Bu calismada ekstraktin selatlama
yetenegi ferrozin testi kullanilarak incelenmistir ve
testin sonucu EDTA esdegeri olarak verilmistir. Bu
testin sonucuna gére de L. edodes ekstraktinin
aktivitesi G. lucidum'un (Ozparlak ve ark., 2016a)
gerisinde kalmistir (Tablo 1).
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L. edodes'in antioksidan o6zellikleri
Uzerine gesitli galismalar olmasina ragmen bu
calismalarda farkli sonuglara ulasiimistir
(Kitzberger ve ark., 2007; Da Silva ve Jorge,
2011; Carneiro ve ark., 2013). Genel olarak
bakildiginda L. edodes’in orta diizeyde antiok-
sidan aktivite sergiledigi gézlenmistir. Bu durum
¢alismamizda da ortaya konulmustur. Bununla
birlikte sentetik antioksidanlarin yan etkileri
dusunuldugunde L. edodes dogal antioksidan
kaynagi olarak dustnulebilecek niteliktedir.

Deri ve sag renginin olugsmasinda gorev
alan tirozinaz bakir igeren bir enzimidir. Tirozinaz
enziminin inhibisyonu deri hastaliklarinda
hiperpigmentasyon tedavisinin temelidir.
Hidrokinon, arbutin ve kojik asit bilinen tirozinaz
inhibitérleridir. Bu inhibitorler beyazlatici ajanlar
olarak kozmetik alaninda kullaniimaktadir.
Ancak bu bilesiklerin yan etkileri g6z ardi
edilememektedir (Kim ve Uyama, 2005; Solano
ve ark. 2006). Bu calismada gerceklestirilen
enzim inhibisyon testleri sonuglarina baktigimiz-
da L. edodes metanolik ekstraktinin tirozinaz
enzim inhibisyon 6zelligi tespit edilmemisgtir.

Alzheimer hastaliginda ndéron ve akson
kaybi ile asetilkolin seviyesinde azalma gercek-
lesir. Bu sebeple asetilkolin seviyesini artirmak
Alzhemier tedavisinde 6nemlidir. Asetilkolin
dizeyi asetilkolini yikan kolinesteraz enzimle-
rinin baskilanmasiyla arttirilabilir. AChE ve BChE
farkl genlerle kodlanan ancak 6zellikle substrat
secicilikleri ve bazi katalitik mekanizmalarindaki
farkliliklari sebebiyle birbirinden ayrilan
enzimlerdir (Howes ve ark., 2003).
Calismalarda, kolinesteraz inhibisyonuna bagh
asetilkolin duzeyindeki artiglarin, Alzheimer
hastaliginin erken dénemlerindeki biling kayipla-
rint iyilestirebilecedi rapor edilmektedir ve bu
sebeple Alzheimer tedavisinde galantamin,
fizostigmin gibi sentetik kolinesteraz inhibitorleri
gelistirilmistir. Bununla birlikte bu sentetik
inhibitdrlerin gesitli toksik etkileri olmasi ve kisa
Omdarld olmalari klinik agidan kullanimlarinin
sinirlandiriimalarina sebep olmustur (Melzer,
1998). Tablo 2'de gorilebilecedi gibi L. edodes
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ekstraktinin AChE inhibisyon degeri hem kdiltur
hem de yabani G. lucidum'dan elde edilen
degerlere (Ozparlak ve ark., 2016b) oldukga
yakin bulunmustur. Ancak L. edodes ekstraktinin
BChE inhibisyon degeri G. lucidum'un
degerlerinin (Ozparlak ve ark., 2016b) oldukca
altinda goérulmektedir.

a-amilaz ve a-glukozidaz enzimleri
karbohidrat sindiriminde goérev alan anahtar
enzimlerdir. Nisasta, a-dekstrin ve maltoz a-
amilaz tarafindan hidrolize edilirken, a-
glukozidaz ince barsakda disakkaritleri ve oligo-
sakkaritleri glukoz monomerlerine hidroliz
etmektedir. Bu sebeple a-amilaz ve a-glukozidaz
enzimlerinin inhibisyonu artan kan glukoz
seviyesinin azaltiimasinda énemli bir noktadir.
Akarboz ve miglitol gibi glukoz seviyesini
dusuren inhibitdr ilaglarin yerine dogal inhibitor-
lerin 6nemi dinya saglik 6rgitid (WHO)
tarafindan yapilan éneriden sonra daha da fazla
dikkat cekmektedir (Laube, 2002; Singh ve ark.,
2010). Bu cgalismada elde edilen L. edodes
ekstraktina ait a-amilaz inhibisyon degerleri hem
kiltdr hem de yabani G. lucidum'dan elde edilen
degerlere (Ozparlak ve ark., 2016b) oldukca
benzerdir (Tablo 2). Bununla birlikte Tablo 2'de
gorilebilecedi gibi a-glukozidaz inhibisyon
degerleri oldukga dusuk kalmaktadir.

Mantarlarin dogal enzim inhibitérlerinin bir
kaynagi olabilecegi cesitli calismalarda ortaya
konulmustur (Afrin ve ark., 2016; Gheibi ve ark.,
2016; Ozparlak ve ark., 2016b). Bu ¢alismada L.
edodes'den elde edilen inhibisyon verilerinin
calisilan enzimlerle ilgili yeni inhibitérler
geligtiriimesine 1sik tutmasi umut edilmektedir.
Bununla birlikte bu calismada tespit edilen L.
edodes'e ait antioksidan kapasite ve enzim
inhibisyon verilerine bakildiginda; Turkiye'deki
kultdr L. edodes'in genel olarak giincel ve 6nemli
bir tibbi mantar olan G. lucidum'un Tirkiye'deki
kultar ve yabani formlari kadar potansiyele sahip
olmadigi sonucu ortaya konmustur.
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Tablo 2. Lentinula edodes'in metanol ekstraktinin enzim inhibitér 6zellikleri ve
Ganoderma lucidum'dan daha 6nce elde edilen sonuglar ile karsilastiriimasi

Parametrele r Lentinula Ganoderma Ganoderma

edodes lucidum lucidum
(Kiiltiir) ® (Yabani)®

Asetilkolinesteraz inhibisyonu 0.90+£0.03 * 0.92+0.01 1.0210.01

(mgGALAE/g ekstrakt)

Butirilkolinesteraz inhibisyonu 0.23£0.05 0.3040.04 1.29+0.37

(mgGALAE/g ekstrakt)

Tirozinaz inhibisyonu (mgKAE/g * 0.59+0.01 9.04+0.01

ekstrakt)

a-amilaz inhibisyonu (mmolAKAE/g 0.16£0.01 0.14£0.01 0.1840.01

ekstrakt)

a-glukozidaz inhibisyonu (mmolAKAE/g 0.331£0.04 0.60+0.04 1.1120.01

ekstrakt)

*(J¢ paralel 6lgiimiin ortalamasi+standart sapma.

**Qlgllebilir tirozinaz inhibisyonu tespit edilememistir.

GALAE: Galantamin es deg@eri; KAE: Kojik asit esdegeri; AKAE: Akarboz es degeri.
*Ozparlak ve ark. (2016b)'na gore
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Two New Records for Turkey: Ophiobolus erythrosporus
and Leptosphaeria modesta

Makbule ERDOGDU*, Gékhan DOGAN

Ahi Evran University, Arts and Sciences Faculty,Department of Biology, Kirsehir/ TURKEY

Abstract: Ophiobolus erythrosporus (Riess) G. Winter and Leptosphaeria modesta
Rabenh. are new records for Turkish mycobiota. Distinguishing morphological characters of
these species are described and their photographs are provided.

Key words: Microfungi, Pleosporales, New records, Turkey.

Tirkiye igin iki Yeni Kayit: Ophiobolus erythrosporus ve
Leptosphaeria modesta

Oz: Ophiobolus eritrosporus (Riess) G. Winter ve Leptosphaeria modesta (Desm.)
Rabenh. Turkiye mikobiyotasi i¢in yeni kayittir. Bu tirlerin ayirt edici morfolojik karakterleri

tanimlanmig ve fotograflari verilmistir.

Anahtar kelimeler: Mikromantarlar, Pleosporales, Yeni kayitlar, Tirkiye.

Introduction

Ophiobolus Riess was introduced with
Ophiobolus disseminans Riess
(Phaeosphaeriaceae) as the type species. The
genus is characterized by its solitary to clustered
ascomata, immersed to erumpent, spherical to
obpyriform, brown to black, with a conical papilla;
numerous, long-cylindrical, fissitunicate asci;
and multiseptate, yellow to brown
scolecosporous ascospores (Shoemaker, 1976,
Walker, 1980). Ophiobolus graminis (Sacc.)
Sacc., O. miyabeanus S. Ito & Kurib. and O.
periclymeni (P. Crouan & H. Crouan) Sacc. were
recorded from Turkey (Aktas et al., 1996,
Gobelez, 1963, Selguk et al., 2016). Of these, O.
graminis and O. miyabeanus were transfered to
the genera Gaeumannomyces and Bipolaris
respectively.

The genus Leptosphaeria Ces. & De Not.
is saprobic or pathogenic on stems and leaves of
herbaceous or woody plants in terrestrial
habitats. Even though Leptosphaeria shares
some similar morphological characters with
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Amarenomyces O.E. Erikss., Bricookea M.E.
Barr, Kalmusia Niessl, Entodesmium Riess,
Melanomma Nitschke ex Fuckel,
Nodulosphaeria Rabenh., Paraphaeosphaeria
O.E. Erikss., Passeriniella Berl., Phaeosphaeria
I. Miyake and Trematosphaeria Fuckel, it differs
in producing ascomata on dicotyledonous hosts,
in having cylindrical asci with short bulbous
pedicels and smooth-walled, fusoid, multi-
septate ascospores (Ariyawansa et al., 2015).
Leptosphaeria is one of the largest genera of the
Leptosphaeriaceae, accommodating more than
1600 taxa (Crane and Shearer, 1991). In Turkey,
the species of Leptosphaeria are poorly known
and not yet intensively studied. Some species of
Leptosphaeria have been recorded in Turkey
(Leptosphaeria acuta (Fuckel) P. Karst. on Urtica
dioica L. (Baydar, 1975), L. affinis P. Karst. on
Verbascum sp. (Baydar, 1982), L. davisiana
Petr. on Scutellaria brevibracteata L. (Karel,
1958), L. fuckelii Niessl on Fibigia clypeata (L.)
Medik.(Erdogdu and Hiseyin,2008),L. lusitanica
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Tham. on Spartium junceum L. and L. tolgorensis
Petr. on Euphorbia sp. (Petrak, 1953), L.
platycarpa Sacc. on Juglans regia L. (Selguk et.
al. 2015), L. rusci (Fr.) Sacc. on Ruscus aculeatus
L. (Gobelez, 1963), L. vagabunda Sacc. on
Berberis crataegina L. (Baydar, 1975) etc.).

The current study deals with two microfungi
species collected from Erciyes Mountain in
Kayseri province and aims to make a contribution
to the mycobiota of Turkey.

Materials and Methods

Plant specimens infected with microfungi
were collected from Erciyes Mountain in Kayseri
province of Turkey. The host specimens were
prepared according to the conventional
herbarium techniques. Host plants were identified
using the Flora of Turkey and East Aegean
Islands (Davis, 1965-1985). The fungal
specimens were isolated from the host plants by
obtaining thin sections. Microscopic examination
and microphotographs were done by means of
Leica DM E light microscope.The fungi were
identified using relevant literature (Dennis, 1981,
Ellis and Ellis, 1987, Shoemaker, 1976 — for
Ophiobolus; Dennis, 1981, Ellis and Ellis, 1987 —
for Leptosphaeria). All specimens examined were
deposited in the Mycology Laboratory of Ahi
Evran University, Arts and Sciences Faculty,
Department of Biology and have collection
numbers of Goékhan DOGAN (GD). Identified
species and their author's names are given
according to Index fungorum database (accessed
2017).

Results

Ascomycota Caval.-Sm.

Pleosporales Luttr.ex M.E. Barr

Leptosphaeriaceae M.E. Barr

Leptosphaeria Ces. & De Not.

Leptosphaeria modesta (Desm.)
Rabenh.

Syn.: Sphaeria modesta Desm.,
Leptosphaeria modesta var. cibostii (Ces. & De
Not.) Sacc., Heptameria cibostii (Ces. & De Not.)
Cooke, Sphaeria modesta var. rubellula Desm.,
Leptosphaeria modesta var. rubellula (Desm.)
Sacc., Leptosphaeria modesta Rabenh. var.
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modesta, Heptameria modesta (Rabenh.) Cooke,
Nodulosphaeria modesta (Rabenh.) Munk ex L.
Holm.

The characteristic features: Perithecia
scattered, at first immersed in the tissue later
becoming erumpent, unilocular, globose to
pyriform, 230-450 um diam., blackish. Asci
numerous, cylindrically-clavate, attenuate at the
base, 8- spored, 83-106 x 13-16 ym. Ascospores
cylindric, mostly 4-septate, occasionaly 6-
septate, constricted at the septum, rounded both
ends, 37.5-45 (-50) x 6-7 ym, pale olive-brown,
ends bearing a small, rounded, 2-5 uym long,
hyaline appendage, second cell from the top
shorter and broader than the rest (Figure 1).

Specimens examined: Kayseri province,
Erciyes mountain, Develi district, tree plantation
area, on dead branches of Scrophularia sp.
(Scrophulariaceae), 38°28'977"N, 35°30'665"E,
2000-2050 m, 25.07.2011, GD 1099; Kayseri
province, Erciyes mountain, Develi district, tree
plantation area, on dead branches Rumex sp.
(Polygonaceae), 38°28'977"N, 35°30'665"E,
2000-2050 m, 25.07.2011, GD 1095.

Phaeosphaeriaceae M.E. Barr

Ophiobolus Riess

Ophiobolus erythrosporus (Riess) G.
Winter

Syn.: Sphaeria erythrospora Riess,
Ophiobolus erythrosporus (Riess) G. Winter f.
erythrosporus, Nodulosphaeria erythrospora
(Riess) L. Holm, Rhaphidophora urticae Rabenh.,
Ophiobolus urticae (Rabenh.) Sacc., O. urticae
(Rabenh.) Sacc. var. urticae, and O. urticae var.
clematidis Berl.

The characteristic features: Ascocarps
scattered or in groups, at first immersed in the
tissue later becoming erumpent, globose, 170-
335 pm diam, blackish; neck erumpent, terete, 25
pgm long. Asci numerous in a broad hymenium,
cylindric to clavate, 114-151 x 11-12.5 ym, 8-
spored. Ascospores parallel in one fascicle,
cylindrical, attenuated both ends,13-17-septate,
with one short cell a little above the middle
distinctly swollen, becoming curved when
released from the ascus, (81-) 85-124 (-130) x 3-
3.5(-4) um, guttulate, pale yellow (Figure 2).
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wm 6um
Figure 1. Leptosphaeria modesta: a. vertical section of an ascoma, b. ascus, c.
ascospores, d. ascospore with hyaline appendage.

BOpm

Figure 2. Ophiobolus erythrosporus:a. vertical section of an ascoma, b. asci, c.
ascospores, d. ascospore.
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Specimens examined: Kayseri district, Mill., Lonicera sp., Pimpinella saxifraga L.,
Kayseri memorial forest, on dead branches of Scabiosa ochroleucal. ., Scrophularia nodosal.,
Teucrium polium L. (Lamiaceae), 38°36'134"N, Solidago virgaurea L. and Torilis japonica
35°30'581"E, 1850-1900 m, 25.07.2011, GD (Houtt.) DC. (Mulenko et al., 2008), from
1108; Kayseri province, Erciyes mountain, Portugal on Coptis aspleniifolia Salisb.
Develi district, tree plantation area, on dead (Unamuno, 1941), from Russia on Campanula
branches Alkanna orientalis (L.) Boiss. sp. (Babuschkina, 1995), from Ukraine on
(Boraginaceae), 38°28'977"N, 35°30'665"E, Cephalaria coriacea Steud., Dictamnus
2000-2050 m, 25.07.2011, GD 1094. gymnostylis Steven, Galium mollugo L. and

Philadelphus caucasicus Koehne (Dudka et al.,

Discussion 2004), from United States on Actaea sp.,

Leptosphaeria modesta is found on dead Castilleja pallida (L.) Spreng., Helenium
stems of many herbaceous plants. This fungus hoopesii A. Gray and Scrophularia parviflora
was known from Austria on Thlaspi goesingense Wooton & Standl.(Cooke, 1985, Conners, 1967).
Halacsy (Petrak, 1959), from China on Leptosphaeria modesta is reported for the first
Bupleurum scorzonerifolium Willd. (Tai, 1979), time from Turkey.
from Denmark on Geum sp., Lotus sp. and Ophiobolus erythrosporus has got a broad
Solidago sp. (Munk, 1957), from England on host range. It is found on Achillea sp., Aster
Aconitum sp., Bupleurum sp., Phyteuma sp., macrophyllus L., Marrubium vulgare L., Solanum
Sanguisorba sp., Scabiosa columbaria L., tuberosum L. and Solidago sp. in Canada
Scrophularia sp., Seseli sp. and Tofieldia sp. (Ginns, 1986), on Centaurea sp., Lamium
(Dennis, 1981), from France on Digitalis lutea L. maculatum L. and Urtica dioica L. in Germany
(Crane and Shearer, 1991), from Greenland on (Schmid-Heckel, 1988), on Cirsium sp. in
Angelica archangelica L. (Conners, 1967), from Pakistan (Ahmad, 1997), on Scrophularia
India on Chrysanthemum richteria Benth., Draba lanceolata Pursh and Urtica sp. in United
lanceolata Royle, Eritrichium sp. and Kingdom (Shoemaker, 1976, Cannon et al.,
Scrophularia scabiosaefolia Benth. (Wehmeyer, 1985), on Senecio campestris DC. in Russia
1963), from Ireland on Scabiosa succisa L. (Babuschkina, 1995), on Urtica dioica L. in
(Muskett and Malone, 1983), from Poland on Denmark and Poland (Munk, 1957, Mulenko et
Aconitum firmum Rchb., Angelica sylvestris L., al., 2008) and on Urtica sp. in England (Dennis,
Betonica officinalis L., Bupleurum longifolium L., 1981). Ophiobolus erythrosporus is reported for
Clinopodium vulgare L., Digitalis grandiflora the firsttime from Turkey.
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Arastirma Makalesi

Bovista plumbea Pers.'nin Yag Asiti igeriklerinin
Incelenmesi
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Oz: Bu calismada halk arasinda puf mantari olarak bilinen ve gesitli bélgelerden
toplanan Bovista plumbea Pers. tiriiniin yag asit kompozisyonlari incelenmistir. incelenen
tire ait yag asit kompozisyonlarinda oran olarak en fazla heneikosanoik asit (C21:0),
eikosenoik asit (C20:1), behenik asit (C22:0), vaksenik asit (C18:1), linoleik asit (C18:2) ve
linolenik asit (C18:3) izomerleri tespit edilmistir.

Anahtar kelimeler: Makrofungus, Bovista plumbea, Yag asiti, Ekstraksiyon.

Determination of Fatty Acid Contents of Bovista plumbea Pers.

Abstract: In this study, fatty acid compositions of Bovista plumbea Pers., known as
puffball mushrooms and collected from different localities, were examined. In the fatty acid
compositions of the examined species, the ratio is at most heneicosanoic acid (C21:0),
eicosenoic acid (C20:1), behenic acid (C22:0), vaccenic acid (C18:1), linoleic acid (C18:2),

and linolenic acid (C18:3) isomers.

Key words: Macrofungus, Bovista plumbea, Fatty acid, Extraction..

Giris

Yaglarin insan sagligi bakimindan énemli
etkileri bulunmaktadir. Ozellikle de doymamig
yag asitlerinin etkileri 5Snem arz etmektedir ve bu
yaglar metabolizma tarafindan sentezlene-
medigi icin diyet olarak alinmasi gerekmektedir.
Ayrica unutulmamasi gereken bir nokta da
yaglarin karbonhidratlardan sonra enerji elde
edilen 6nemli kaynaklar oldugudur.

GUnudmuizde diyet olarak kullanilan birgok
besin maddesinin insan vicudu igin gerekli yag
asitlerine sahip olduklari birgok calisma ile
ortaya konulmustur. Bu besin maddeleri
icerisinde yer alan mantarlar, 6zellikle Avrupa ve
Uzak Dogu ulkelerinde siklikla tuketildigi
goérilmektedir. Ulkemizde ise, yapilan
¢alismalarda ortaya konulan ¢ok sayida mantar
tdrd bulunmasina ve 6nemli derecede

Sorumlu yazar: fdurmaz@selcuk.edu.tr
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besleyicilik 6zellikleri olmasina ragmen besin
olarak yeterince tuketilmedigini gérmekteyiz
(Dogan ve Ark., 2007; Servi ve ark. 2010; Sesli
ve Denchey, 2014; Kaya 2015; Demirel ve Ark.
2016). Bu ve benzer calismalar ile mantarlarin
faydali yonleri ortaya cikarilarak, halkimizin
diyet olarak tiketmesine katki yapilmasi
amaclanmaktadir (Aktimsek ve ark. 1998;
Longvah ve Deosthale 1998; Diez ve ark. 2001;
Yilmaz ve ark. 2006; Colak ve ark. 2009; Riberio
ve Ark. 2009; Kasik ve Ark. 2013; Yilmaz ve ark.
2016).

Materyal ve Metot

Calisma materyalini 2012-2017 tarihleri
arasinda Afyon, Konya (Aksehir, Kadinhani,
Beysehir), Bolu illerinden toplanan &rnekler
olusturmaktadir.
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Toplanan numuneler laboratuvara getirilip,
elde edilen veriler ve mevcut literatirin
yardimiyla teshisleri yapilmistir (Watling (1973),
Philips (1981), Moser (1983), Ellis ve Ellis (1990),
Breitenbach ve Kranzlin (1984,1986, 1991, 1995,
2000, 2005), Dahncke (1993),Jordan (1995),
Winkler (1996). Mantarlar kurutma dolabi iginde
kurutulmus ve kurutulan 6rnekler degirmen
yardimiyla toz haline getirilmistir.

Ekstraksiyon analizleri:

Surekli ekstraksiyon ydntemlerinden biri
olan Soxhlet ekstraksiyon yéntemini uygulamak
icin, Soxhlet cihazinin kurulumu yapilmistir. Bu
cihazin ekstraksiyon haznesine énceden
kurutulmus ve toz haline getirilmis olan dogal
mantar konularak ekstraksiyon bdélimine
yerlestiriimistir. Ekstraksiyon sivisi olarak hekzan
kullaniimistir. Alinan saf hekzan ¢dziici balonuna
yerlestirilip Soxhlet cihaziyla birlestirilmistir. Bu
sistemin asagisindaki montolu ve ayarl isitici
hekzanin kaynama noktasi olan 68 °C ye
ayarlanmistir ve bu sicaklikta sabit kalmasi
saglanmistir. Sistem bu sekilde strekli bir
ekstraksiyon yontemi uygulanarak Soxhlet
cihaziyla 6 saat ekstraksiyon yapiimis ve sistem
durdurularak elde edilen ekstraksiyon c¢dzeltisi
baska bir kaba aktariimistir. Serbest yag asitlerini
tayin etmek icin esterlesme yontemi kullaniimistir.
Bu amagla alinan ekstraksiyon ¢ézeltisinden 5 mL
alinarak tizerine 1 mL 2N metanolli KOH ¢ozeltisi
ilave edilerek esterlesme reaksiyonu igin bir
muddet bekletiimis ve sonra analiz igin bu
¢ozeltiden 1 mL alinarak GC deki enjeksiyon
bélumune yerlegtirilerek analizler yapilmistir.

Agilent 6890 GC de ki analizler:

GC kolon: Agilent HP-88 Capillary 100 m
X250 um x 0.25 uym 6zelliklerindedir.

Splitless modunda tasiyici gaz He (1,3
ml/dk) kullaniimistir. 50 °C den 250 °C ye
kademeli olarak arttiriimis ve bu noktada analiz
sUresince sabit tutulmustur. 50 pL enjeksiyon
yapilarak 3 tekrarli analizler yapilmistir. Sistemin
kalibrasyonu icin verilen yagd asit standart
numuneleriyle kalibrasyon yapilarak dogal
mantar numunesindeki serbest yag asidi
kompozisyonu ¢ikartiimistir.
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Bulgular

Farkli bélgelerden toplanan, kurutulduktan
sonra degirmen yardimiyla toz haline getirilip
ekstraksiyonu yapilan Bovista plumbea Pers.
tardndn Agilent 6890 GC'de yapilan analizi
sonucunda tespit edilen yagd asidi icerikleri
kromatogram (Sekil 1) ve tablo (Tablo 1) halinde
verilmistir.

Tartisma

Cesitli bolgelerden toplanan ve yenilebilir
bir tir olan Bovista plumbea'nin tayin edilen yag
asit kompozisyonlarinin ¢gok miktarda olandan az
miktarda olana dogru siralanigi asagidaki gibidir:
Heneikosanoik asit (C21:0) 7.56%, Vaksenik asit
(C18:1c) 7.15%, Eikosenoik asit (C20:1) 7.14%,
Behenik asit (C22:0) 6.80%, Gamma Linolenik
asit (c18:3n6) 6.38%, Linoleik asit (C18:2c)
5.88%, Homo Gamma Linolenik asit (C20:3n6)
3.35%, Stearik asit (C18:0) 3%, Arasidik asit
(C20:0) 2.41%, Alfa Linolenik asit (C18:3n3)
2.36%, Palmitik asit (C16:0) 2.01%, Eikodienoik
asit (C20:2) 1.84%, Dokosadienoik asit (C22:2)
1.56%, Lignoserik asit (C24:0), 0.44%,
Dokosahekzaenoik asit (C22:6) 0.43%,
Eikosapentaenoik asit (C20:5) 0.40%, Elaidik asit
(C18:1 t) 0.16% (Tablo 1). Buna gore calisilan
tirde en ¢ok oranda tespit edilen yag asitleri
C21:0, C20:1, C22:0, C18 ve izomerleridir
(C18:0,C18:1¢,C18:2¢, C18:3n6).

Bovista plumbea'da oransal olarak fazla
miktarda bulunan bu yag asitlerinin hem saglk
hem de endustriyel agidan birgok faydali ydnleri
bulunmaktadir. Ayrica hem viicutta hem de birgok
besin maddesinde de bulunmaktadir.
Heneikosanoik asit, insan sitinde bulunur.
Ayrica eklem kikirdak siniri yaglayici maddenin
fosfolipidlerinin ve kirmizi kan hicresi yag
asitlerinin bir unsurudur (Rose 1997; Li ve ark.
2013). Eikosenoik asit, cesitli bitki yaglarinda
bulunan tekli doymamis bir omega-9 yagl
asididir.

Ayrica, regresif oftistik ¢ocuklarda artmis
konsantrasyonlari olan kirmizi hiicre zarinda da
bulunur (Deshimaru ve ark. 2005; Bu ve ark.
2006). Behenik asit, sa¢ kremlerine ve
nemlendiricilerine yumusatma o6zelliklerini
vermek icin siklikla kullanilir (Akoh ve Min 2008).
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Sekil 1. Bovista plumbea'ya ait yag asiti kromatogrami
(1.C16:0,2.C18:0,3.C18:1t,4.C18:1c,5.C18:2¢, 6.C18:3n6, 7. C20:0, 8. C18:3n3,9. C20:1,
10.C21:0,11.C20:2,12. C22:0, 13. C20:3n6, 14. C22:2,15. C:20:5,16. C24:0,17.C:22:6.)

Tablo 1. Bovista plumbea'nin yag asiti kromotogram degerleri

Peak| Reé&ntion Area Area Nam eof
Time (pA*s) (%) Fatty acids
(Min)

1 39.812 123.61284 2.01118 | C16:0

2 43.162 184.16034 2.99629 | C18:0

3 43.782 9.59962 0.15619 | C18:1 tran
4 44.044 439.69403 7.15381 | C18:1 cis
5 45.357 361.44339 5.88068 | C18:2 cis
6 46.217 392.18018 6.38076 | C18:3n6

7 46.365 148.21259 2.41142 | C20:0

8 46.684 144.78404 2.35563 | C18:3n3

9 47.049 438.85617 7.14018 | C20:1

10 48.076 464.69644 7.56060 | C21:0

11 48.307 113.15279 1.84099 | C20:2

12 48.498 417.89294 6.79911 | C22:0

13 49.064 205.85345 3.34923 | C20:3n6
14 50.728 96.01342 1.56214 | C22:2

15 51.549 24.40848 0.39713 | C20:5

16 51.793 27.25977 0.44352 | C24:0

17 55.700 26.32914 0.42837 | C22:6
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Stearik asit, ilag ve kozmetik sanayinde blylimesi icin de gecerlidir. Alfa Linolenik asit,

emulgatdr olarak, mum yapiminda, pastel boya vicudumuzun cesitli fizyolojik fonksiyonlarini
yapiminda ve sabunu sertlestirmek amaci ile dizgiin gergeklestirebilmesiigin ihtiyag duyulan,
kullanilir. Ayrica sekerlemelerde glikoz ile esansiyel yag asitlerinden biridir, en ¢ok bitkisel
beraber kullanilarak sertlesmeyi saglar. yaglar ve tohum yaginda yaygindir (Loor ve ark
Vaksenik asit, tUm dokularda bulunur. Gama .2003).
Linolenik asit, hem bir besleyici hem de terapétik Sonug olarak, yenilebilir bir tir olan
bir ajan olarak bilinir. Linoleik asit, normal meme Bovista plumbea’nin insan vicudunun
dokusunun gelisimi igin, en azindan kismen, ana gereksinim duydugu ve metabolizma tarafindan
eikozanoidlerin biyosentezi i¢in gerekli olan Uretilmeyen yag asitlerini ihtiva etmesi
metabolik 6nculuk sagladidi igin gereklidir. acgisindan, halkimiza diyet olarak &nermeyi
Benzer bir gereklilik, 6strojenden bagimsiz fakat uygun bulmaktayiz.

goriintste 6strojene bagdimli kemirgen memesi
ve insan gb6gus karsinom hicrelerinin in vitro
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Evlerde Kullanilan Buzdolaplarinin i¢ Ortaminda Havayla
Tasinan Funguslarin Biyogesitliligi
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Oz: Bu calismada, 4 farkli evde kullanilan buzdolaplarinin i¢ ortam havasinda
bulunan mikrofunguslarin morfolojik ve molekuler identifikasyonu yapilarak, buzdolabi hava
ortamindaki mikrofungal gesitliligin tesbiti amaglanmistir. Arastirma materyali Ekim, Kasim
ve Aralik 2012 aylarinin ilk ve son haftasinda 4 farkli istasyondan (her ay ikiser kez olmak
Uzere) toplam 24 kez 6rnekleme yapilarak elde edilmistir. Hava érnekleme cihazi (Millipore)
ile, bir érneklemede 100 L hava aspire edilerek alinmistir. Ornekleme isleminde Dichloran
Glycerol Agar (DG 18) besiyerleri kullanilmistir. izolatlar saf kiiltiir olarak elde edilip yatik
Potato Dextrose Agar (PDA) besiyerine pasaj alinarak 25°C'de 7 gin inkibe edilmis ve
daha sonra stok kiltir olarak 4°C'de saklanmistir. Elde edilen izolatlar 6zelliklerine gére
PDA, Malt ExtractAgar (MEA), Czapek Yeast Extract Agar (CYA), Czapek Yeast Extract Agar
with 20% Sucrose (CY20S), Glycerol Nitrate Agar (G25N), Czapeks-Dox Agar (CZ),
Creatine Sucrose Agar (CREA), Yeast Extract Sucrose Agar (YES) ve DG 18 besiyerlerine
ekilerek morfolojik teshisleri ilgili monograflardan yararlanilarak yapilmistir. Molekuler
teshiste ise elde edilen fungal amplikonlarin dizi analizleri Sanger ydntemiyle, ABI prism Big
Dye Terminator Cycle Sequencing Ready Reaction Kit kullanilarak, ABI Prism 377 DNA
Sequencer'da (Applied Biosystems, ABD) belirlenmistir ve gen bankasindaki benzer
sekanslarla BLAST Analizi yapilarak kiyaslanmistir. Arastirmanin sonucunda teshisi yapilan
mantarlarin yizdelik dagilimlar % 34 Penicillium, % 24 Cladosporium, % 17 Alternaria, % 11
Aspergillus tirlerive % 9 diger turler olarak tespit edilmistir.

Anahtar kelimeler: Havayla taginan funguslar, ITS gen dizisi, Buzdolabi, RT-Q-
PCR, Sanger Dizileme

Biodiversity of Airborne Fungi in the Indoor Environment of
Refrigerators Used in Houses

Abstract: In this study, it was aimed to determination of microbial diversity from indoor
air flora of refrigerators used at four different homes with conventional and molecular
identifications. Research materials were obtained by taking samples twice each months
from all refrigerators (totally twenty four times) at first and last weeks of October, November
and December months of 2012. Air sampler (Millipore) were used to take samples and 100 L
air was aspirated for each sampling. Dichloran Glycerol Agar (DG 18) medium was used on
the sampling process. All isolates taken like a pure culture and to incubated at 25°C during 7
days after to passaged on slant Potato Dextrose Agar (PDA) medium.

*Sorumlu yazar: ahmetasan84@gmail.com
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After that, these pure cultures at PDA medium were stored at 4°C as storage cultures.
Conventional identifications of obtained isolates were diagnosed according to their features
by using related monographs after to cultured on PDA, Malt Extract Agar (MEA), Czapek
Yeast Extract Agar (CYA), Czapek Yeast Extract Agar with 20% Sucrose (CY20S), Glycerol
Nitrate Agar (G25N), Czapeks-DoxAgar (CZ), Creatine Sucrose Agar (CREA), Yeast Extract
Sucrose Agar (YES) and DG18 mediums. On the molecular identification, sequence
analysis of obtained fungal amplicons were determined on Sanger Method at ABI Prism 377
DNA Sequencer (Applied Biosystems, ABD) by using ABI prism Big Dye Terminator Cycle
Sequencing Ready Reaction Kit and to compared with similar sequences on gene bank by
BLAST Analysing. As a result of this study, it was identified what 34 % Penicillium, 24 %
Cladosporium, 17 % Alternaria, 11 % Aspergillus species and 9 % other species as a
percentage distribution of obtained fungi isolates.

Key words: Airborne fungus, ITS gene region, Refrigerator, RT-Q-PCR, Sanger

Ekim(2017)8(2)109-124

Sequencing

Giris

Fungal yapilarin, 6zellikle sporlarin uzak
mesafelere kadar ulasabilmesinin en &nemli
etkenlerden biri hava yolu ile tasinmalandir.
Aslinda hava, fungal gelisim igin uygun bir ortam
degdildir. Ancak rizgar, insan faaliyetleri,
hayvanlar v.s. sayesinde gesitli kaynaklardan
atmosfere nifuz eden fungal yapilar, uzun
mesafelere kadar tasinabilmektedir (Sen ve
Asan, 2009; Okten ve Ark., 2007). Hem is
yerlerinde hem de evlerde havayla tasinan
biyolojik ajanlara maruz kalinmasinin;
enfeksiyon hastaliklari, akut toksik etkiler, alerji
ve kanser gibi dnemli halk sagligi hastaliklari ile
iliskilendirilmesinden bu yana, i¢ ortam
havasinda bulunan funguslara karsi olan ilgi
oldukga artmis bulunmaktadir (Simon-Nobbe ve
Ark., 2008; Brett ve Ark., 2006). Sicaklik,
mantarlarin gelisimi i¢cin ¢ok 6nemli bir faktor
olmasina ragmen, 20°C'nin altinda da
Penicillium spp. ve Cladosporium spp. gibi
sogugu télere edebilen (psikrotrof) mantarlarin
Uremesi mumkindur (Atanda ve Ark., 2011).
Calismamizda, buzdolaplarinin i¢ ortam
havasinda bulunan mikrofunguslarin morfolojik
ve molekiler tanisi yapilarak, buzdolabi hava
ortamindaki fungal cesitliligin tesbiti
amaclanmistir.

Turkiye'de, i¢c hava funguslariyla ilgili
cesitli calismalar olmakla birlikte (Sen ve Asan,
2009; Okten ve Ark., 2007; Colakoglu, 2004;
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Kadaifciler ve Ark., 2013), yapilan literatur
arastirmasina gore, direkt buzdolabi ortam
havasini inceleyen arastirmalar ¢cok az olsa da,
vardir (Altunatmaz ve Ark., 2012, Dogen ve Ark.,
2013).

Materyal ve Metot

Materyal

Arastirma materyali, 4 farkli evde
kullanilan buzdolaplarinin i¢ ortam havasindan
Tablo 1'de belirtilen sekilde, Ekim 2012, Kasim
2012 ve Aralik 2012 aylarinin ilk haftasinda ve
son haftasinda, her ay 2'ser kez (her bir
istasyondan) olmak Uzere toplam 24 kez
6rnekleme yapilarak temin edilmistir.

Metot

Arastirmada secilen evlerdeki buzdolap-
larinin i¢ ortam havasindan mikrobiyal hava
o6rnekleme cihazi (Millipore) kullanarak, bir
orneklemede 100 L olmak Uzere hava aspire
edilmigtir. Ornekleme isleminde Dichloran
Glycerol Agar (DG 18) besiyerleri kullaniimis ve
6rnek alma isleminden sonra laboratuvar
ortamina getirilerek 25°C'lik etlivde inkube
edilmistir. Gelisen mikrofungus kolonilerinden
tek spor izolasyonu [Choi ve Ark., 1999]
yapilarak saf kiltir elde edilip, izolatlar yatik
Patates Dekstroz Agar (PDA) besiyerine
pasajlanarak 4°C'de saklanmigtir.
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Tablo 1. Arastirmaicin secilen evlerdeki buzdolaplarinin i¢ ortam havasindan aspire edilen

hava miktari.
Ornek zamani ve aspire edilen hava miktari (L)

istasyon Ekim 2012 Kasim 2012 Aralik 2012 Toplam(L)
1. Ev 100 100 100 300
2. Ev 100 100 100 300
3.Ev 100 100 100 300
4. Ev 100 100 100 300
Toplam (L) 400 400 400 1200

DG 18 besiyerinin icerisinde olan
mikrofungus kolonilerinin ¢ok fazla yayilmalarini
engelleyen dichloran maddesi ile bakterilerin
gelismelerini inhibe eden chloramphenicol ve
chlortetracycline antibiyotikleri bulunur (Samson
veArk., 2010). Dichloran maddesi, Rose Bengal
Agar'daki Rose Bengal Boyasi'yla ayni
fonksiyonu yerine getirir.

Mikrofunguslarin Morfolojik-Koloniyal

Tanisi

Dematiaceous Hyphomycetes tilerinin
teshisi icin, Ellis'in (1971)'in “Dematiaceous
Hyphomycetes”; Alternaria spp. tirlerinin teshisi
icin Simmons'un (2007) “Alternaria an
Identification Manual” ve Cladosporium spp.
tirlerinin teshisi icin Crous ve Ark. (2007)'nin
“The Genus Cladosporium and Similar
Dematiaceous Hyphomycetes” adli eserleri
kulanilmistir. Penicillium spp. cinsine ait tirlerin
tanimlanmasi igin Czapek Yeast Autolysate Agar
(CYA), Yeast Ekstrat Sukroz (YES), % 25
Gliserol Nitrat Agar (G,N), Kreatin Sukroz
(CREA) Agar ve Malt Ekstrat Agar (MEA)
besiyerleri ve Pitt'in eserleri (1979 ve 2000)
kullanilmistir. Aspergillus spp. ve Penicillium
spp. turlerinin teshisi icin Samson ve Ark. (2010)
“Food and Indoor Fungi” adli eserinden
faydalanilmistir. Aspergillus spp. turlerinin
Uretilmesinde CYA, % 20 Sukroz igeren Czapek
Yeast Ekstrat Agar (CY,S), Czapek Agar (CZ2),
DG-18 ve MEA besiyerleri kullaniimistir.
Aspergillus spp. i¢in ayrica Raper & Fennell'in
(1965) ve Kilich'in (2002) eserlerinden de
yararlanilmistir. Mikrofunguslar cins
seviyesinde, Barnett ve Hunter'in (1999)
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“lllustrated genera of imperfect fungri’ eseri ve
Hasenekoglu'nun (1991) ""Toprak
Mikrofunguslari” kullanilarak teshis edilmigtir.
Fungal inceleme ortami olarak ise lakto pamuk
mavisi (Lacto-cotton blue — LCB- Mounting
Medium (Sime ve Ark., 2002) kullaniimistir.

Mikrofunguslarin Molekiiler Tanisi

DNA izolasyonu

DNA izolasyonu icin Biospeedy Fungal
DNA izolasyon Kiti kullaniimistir. DNA kalite
kontroll i¢in; MSP-100 Mikro Spektrofotometre
(Inovia Teknoloji Ltd. $ti., Turkiye) kullanilarak
DNA 6rneklerinin safliklari (ABS,,,/ABS,,,) ve
konsantrasyonlari élgulmustir. Miktari en az 20
ng/ul olan ve ABS,,,/ABS,,, dederi 1,6-2,0
araliginda olan DNA izolatlari analizlerde
kullaniimigtir.

Gergek Zamanli (Real Time) PCR

(Q-PCR)

Q-PCR icin Biospeedy Fungal Cesitlilik
Calisma Kiti (Bioeksen, Turkiye) kullaniimistir.
Kit (Conrad ve Ark., 2012) tarafindan
tanimlanan, 18S rRNA'nin 3' ucu kismi dizisi,
ITS1,5.8SrRNAve ITS2 bélgesinin timii ve 28S
rRNA'nin 5'ucu kismi dizisi bélgesini hedefleyen
ileri 5'-TCCTCCGCTTATTGATATGC-3' ve geri
5'-GGAAGTAAAAGTCGTAACAAGG-3'
primerlerini icermektedir. Butin reaksiyonlarda
Roche Light Cycler Nano (Roche Diagnostics,
Almanya) kullaniimigtir. Reaksiyon 1.5 mM
MgCl,, 0.2 mM dNTP mix, 1x Reaksiyon
Tamponu, 0.1U Fast Start Taqg DNA Polimeraz,
1x SybrGreen-I, 5 ng/pl kalip DNA ve her bir
primerden 0.5 yM igermektedir.
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Cihazda, primer c¢iftine 6zgi
optimizasyonu saglanmis Tablo 2'deki 1si
dénglsi programi uygulanmistir. Q-PCR
sirasinda sadece istenilen Urindn ¢ogaltildigini
belirlemek icin 55°C-95°C arasinda erime egrisi
analizi yapilmistir. Q-PCR datalari Roche

LightCycler NanoSoftware 1.0'da analiz
edilmistir.
Dizi Analizi

Elde edilen Fungal amplikonlarin dizi
analizleri Sanger yéntemiyle, ABI prism Big Dye
Terminator Cycle Sequencing Ready Reaction
Kit kullanilarak, ABI Prism 377 DNA
Sequencer'da (Applied Biosystems, ABD)

Tablo 2. Is1 déngusu programi

Ekim(2017)8(2)109-124

belirlenmistir. Dizi analizi i¢in Bioeksen
firmasindan hizmet alinmistir. Her bir fungal
ornek icin elde edilen diziler Finch programiyla
analiz edilmistir. Elde edilen dizilerin DNA Data
bankasinda en ¢ok benzer oldugu diziler NCBI
BLAST (http://blast.ncbi.nlm.nih.gov/) programi
kullanilarak belirlenmigtir. DNA data
bankasindaki mevcut dizilere % 97 ve Uzeri
benzerlik gésteren diziler, benzer dizilime sahip
organizma ile ayni tur olarak kabul edilmistir. %
70-97 arasinda benzerlik gbsteren tirler ise,
hem morfolojik 6zelliklerihem de ITS (Schoch ve
Ark., 2012) bdlgelerinin en ¢ok benzedigi
organizma g6z 6niine alinirak siniflandiriimistir.

Tespit Formati Reaksiyon Hacmi
SYBR Green 20 ul
Programlar
Program ismi Déngd Analiz Modu
Sayisi
On-inkiibasyon 1
Cogalma 35 Sayim
Erime Egrisi 1 Erime Egrisi
Soduma 1
Sicaklik Hedefleri
Hedef (°C) Okuma Bekletme Hiz Okuma
Modu (hh:mm:ss) (°Cls) (°C basina)
On inkiibasyon
95 00:10:00 4,8 -
Cogalma
95 00:00:20 4,8 -
55 00:00:20 25 -
72 Tek 00:00:25 4,8 -
Erime Egrisi
95 00:00:05 - -
65 00:01:00 - -
98 Sarekli - 1 10
Soguma
40 Tek 00:00:10 2,5 -
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Bulgular

4 farkli buzdolabi havasindan alinan
o6rneklemeler sonucunda teshis edilemeyen
turler ve kontaminasyonlar hari¢ toplam 1680
CFU/m’mikrofungus izole edilmistir(Tablo 3). Bu
koloniler icinde Penicillium spp. turleri (% 34)
basta olmak Uzere sirasiyla Cladosporium spp.
(% 24), Alternaria spp. (% 17), Aspergillus spp.

Tablo 3. Tarlerin istasyonlardaki koloni miktarlari

Tir ismi

istasyonlara Gore Dagilimlari (CFU/m®)

Ekim(2017)8(2)109-124

(% 11) ve diger turler (% 9) tespit edilmistir.
Ayrica tim izolatlarin % 4'Unde kontaminasyon
gorilmus ve % 1'i teshis edilememistir. Toplam
6 Alternaria spp. izolatindan 3'Unun tar
dizeyinde teshisi yapilmig, diger 3'Unin ise
yapilamamistir. Cladosporium cinsine ait toplam
13 farkh izolatin 4'Gnin tir dizeyinde teshisi
yapilmig, 9'unun ise yapilamamistir.

1. 2. 3. 4. TOPLAM
istasyon istasyon istasyon istasyon

Alternaria spp. 40 10 70 130 250
Alternaria alternata 10 10 20 60 110
Alternaria tenuissima 20 0 20 20 60
Alternaria citri 0 0 20 30 50
Alternaria sp1 0 0 0 20 20
Alternaria sp2 0 0 10 0 10
Alternaria sp3 10 0 0 0 10
Aspergillus spp. 60 10 60 60 190
Aspergillus flavus 10 0 0 0 10
Aspergillus fumigatus 0 0 10 0 10
Aspergillus niger 20 0 0 20 40
Aspergillus niveoglaucus 0 10 10 10 30
Aspergillus ochraceus 10 0 0 0 10
Aspergillus terreus 0 0 0 10 10
Aspergillus tubingensis 20 0 0 0 20
Aspergillus versicolor 0 0 10 0 10
Aspergillus wentii 0 0 30 20 50
Cladosporium spp. 80 120 150 70 420
Cladosporium cladosporioides 20 10 60 30 120
Cladosporium grevilleae 10 10 0 0 20
Cladosporium macrocarpum 10 0 0 0 10
Cladosporium 0 0 20 0 20
sphaerospermum

Cladosporium sp1 0 0 10 10 20
Cladosporium sp2 0 0 10 0 10
Cladosporium sp3 20 40 10 20 90
Cladosporium sp4 10 30 0 0 40
Cladosporium sp5 0 10 0 0 10
Cladosporium sp6 0 20 0 0 20
Cladosporium sp7 0 0 10 0 10
Cladosporium sp8 10 0 20 0 30
Cladosporium sp9 0 0 10 10 20
Penicillium spp. 130 150 110 210 600
Penicillium adametzii 0 0 0 10 10
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Tablo 3. devami
Tir ismi

Ekim(2017)8(2)109-124

1. 2. 3. 4. TOPLAM
istasyon istasyon istasyon istasyon
Penicillium aurantiogriseum 0 0 0 10 10
Penicillium brevicompactum 0 0 30 10 40
Penicillium charlesii 10 0 0 0 10
Penicillium citrinum 40 0 0 10 50
Penicillium commune 30 10 20 0 50
Penicillium digitatum 0 0 10 20 30
Penicillium freii 0 0 10 0 10
Penicillium glabrum 0 20 0 0 20
Penicillium granulatum 0 20 0 0 20
Penicillium griseofulvum 30 10 0 0 40
Penicillium olsonii 0 10 0 0 10
Penicillium pimiteouiense 0 10 0 0 10
Penicillium sanguifluum 0 0 0 10 10
Penicillium sp1 0 0 10 0 10
Penicillium sp2 20 10 20 70 120
Penicillium sp3 0 0 0 10 10
Penicillium sp4 0 0 10 0 10
Penicillium sp5 0 60 0 60 120
Diger Turler 30 90 30 10 160
Acremonium implicatum 0 10 0 0 10
Acremonium sp. 10 20 0 0 30
Cochliobolus australiensis 20 0 0 0 20
Geosmithia pallida 0 20 0 0 20
Lewia infectoria 0 0 20 0 20
Talaromyces verruculosus 0 0 10 0 10
Trichoderma longibrachiatum 0 0 0 10 10
Trichotesium roseum 0 40 0 0 40
Kontaminasyon 0 40 0 30 70
Tanisi yapilamayan izolatlar 0 10 0 10 20
TOPLAM 340 430 420 520 1710

Q-PCR sirasinda sadece istenilen GrGnin
cogaltildigini belirlemek igin 55°C - 95°C
arasinda erime egrisi analizi yapiimistir. Erime
sicakhgr 80-85 °C araliginda olan urlnler
spesifik ITS amplikonlari, 74-76 °C olan Urtnler
spesifik olmayan primer dimer amplikonlari
olarak degerlendirilmistir. Bu sicaklik araliklari
disinda, spesifik olmayan bir amplikon tiri
gbzlemlenmemigtir.

DNA dizi analizi 6ncesi, 80-85 °C
araliginda spesifik ITS amplikonunun igeren
PCR drunleri, reaksiyonlarda hedef Grtin disinda
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bulunan nikleotidler, floresan boyalar, primerler,
primer dimerler vb. bilesenlerden PCR {rin
saflastiriimasi ile ayristinimistir. Saflastirma igin
silika DNAkolonlari, DNA baglama tamponu (4M
Guanidinium thiocyanate, %50 izopropanol,
15mM Tris-Cl pH 8.0), yikama tamponu (20 mM
NaCl, 2 mM Tris-HCI, pH 7.5; 80% v/v Etanol) ve
¢6zucl olarak molekiler 6lgekli su kullaniimistir.
Morfolojik teshis sonucunda tahmin
edilen turler ile molekdler teshis socunda elde
edilen tirler arasindaki karsilastirma yapilarak
turdiizeyinde teshis yapilmistir (Tablo 4).
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Tablo 4. Kargilagtirmali olarak morfolojik ve molekuler teshisler

Morfolojik Tani Koleksiyon GenBank Closest Blast hit (% identity/%coverage)
N Numaralan
Alternaria alternata |28.3H1 KY859400 A.alternata JF973293.1 (549/549)
A.alternata 33.1E42 KY859401 A.alternata GQ220708.1 (526/526)
A.alternata 40.1N31 KY859403 | A.alternata GQ169728.1 (565/565)
A.alternata 91.2B2 KY859360 |A.alternata JF817259.1 (563/565)
A.citri 57.1N24 KY859404 | A.citri AY154705.1 (1488/1488)
Alternaria sp. 37.1E8 KY859402 L.infectoria AY154692.1 (579/579)
Alternaria sp. 58.6E5 KY859405 A.tenuissima FJ827038.1 (552/552)
Alternaria sp. 74.6E6 KY859406 | A.tenuissima EF432264.1 (571/571)
Aspergillus.flavus 53.2H2 KY859367 A.flavus JX157882.1 (576/576)
A.fumigatus 97.6E4 KY859370 A.fumigatus JF729022.1 (597/597)
A.niger 21.1N20 KY859363 | A.niger EF121326.1 (538/538)
A.niger 34.5H2 KY859364 | A.niger GU338398.1 (569/569)
A.ochraceus 64.3H12 KY859368 | A.ochraceus EU273559.1 (559/559)
A.terreus 65.1N18 KY859369 A.terreus FJ011538.1 (578/578)
A.versicolor 98.3E5 KY859361 A.versicolor AJ937755.1 (524/540)
A.wentii 103.1E19 KY859371 A.wentii FR670319.1 (568/568)
Aspergillus sp. 36.2H1 KY859365 A.tubingensis JX287371.1 (499/499)
Aspergillus sp. 39.2B16 KY859366 *A.niveoglaucus KC009789.1 (527/527)
Zf;;:;’;ﬁz’es 2.1E32 KY859391 | C.cladosporioides HM008931.1 (515/515)
C.cladosporioides 11.1N28 KY859392 C.cladosporioides AF538619.2 (524/524)
C.cladosporioides 99.2H23 KY859398 C.cladosporioides JQ936096.1 (556/556)
C.cladosporioides 104.1E24 KY859399 C.cladosporioides HM852082.1 (521/521)
C.macrocarpum 50.3H10 KY859394 C.macrocarpum KC311478.1 (515/515)
C.sphaerospermum | 81.6E3 KY859396 C.sphaerospermum JQ768326.1 (536/536)
C.sphaerospermum |95.4E7 KY859397 C.sphaerospermum JN942901.1 (509/509)
Cladosporium sp. 75.2B4 KY859395 *C.grevilleae JF770450.1 (574/574)
aD;ﬁ;Z}jf;zis 45.1H6 KY859393 (Cf;c;i/;/sizg?lus australiensis HQ608034.1
aP jg;gllt’gf 62.2N11 KY859389 | Padametzii JN887322.1 (490/490)
P.aurantiogriseum 14.1N7 KY859377 P.aurantiogriseum JF311946.1 (522/522)

115

Ekim(2017)8(2)109-124




MANTAR DERGISI/The Journal of Fungus

Tablo 4. devami

. Koleksiyon GenBa.nk . . .

Morfolojik Tani No Accession | Closest Blast hit (% identity/%coverage)
Numaralari

P.brevicompactum 1.3N3 KY859372 | P.brevicompactum KC009796.1 (550/550)
P.brevicompactum 22.2E7 KY859380 | P.brevicompactum JX270584.1 (518/518)
P.brevicompactum 23.2E5 KY859381 | Pbrevicompactum JQ781717.1 (517/517)
P.citrinum 12.2H4 KY859375 | Pcitrinum EU645682.1 (460/460)
P.citrinum 31.2H6 KY859384 | P.citrinum JQ724445.1 (464/464)
P.citrinum 66.4H1 KY859390 | Pcitrinum FJ765031.1 (480/480)
P.citrinum 61.2N6 KY859362 | P.citrinum JQ776540.1 (276/312)
P.commune 19.6H1 KY859379 | Pcommune JX436464.1 (558/558)
P.digitatum 13.5N1 KY859376 | P.digitatum AY924259.1 (556/556)
P.glabrum 6.6B1 KY859373 | Pglabrum JN887323.1 (555/555)
P.granulatum 10.1B9 KY859374 | Pgranulatum JN903645.1 (564/564)
P.griseofulvum 24.3H7 KY859382 | P.griseofulvum GU566224.1 (564/564)
P.olsonii 41.4B3 KY859385 | Polsonii JQ663620.1 (561/561)
Penicillium sp. 17.3N1 KY859378 | *P.sanguifluum JN617681.1 (541/541)
Penicillium sp. 30.6B3 KY859383 | *Ppimiteouiense FJ624254.1 (530/530)
Penicillium sp. 42.3H8 KY859386 | P.charlesii FJ430768.1 (557/557)
Penicillium sp. 44.2E9 KY859387 gﬁ;‘;’;’f’)ces verruculosus HQ608023.1
Penicillium sp. 59.1E2 KY859388 | Pfreii AJ005479.1 (564/564)
Trichoderma sp. 3.6N2 KY859408 | T.longibrachiatum HQ717798.1 (600/600)
Zf:;;fsmm 52.1B12 KY859410 | T.roseum JQ434580.1 (618/618)
Tanisi yapilamadi 26.1B16 KY859407 | A.implicatum FN706541.1 (535/535)
Tanisi yapilamadi 93.5B3 KY859409 | G.pallida HF546292.1 (597/597)
Aspergillus sp. 89.4B7 Kontaminasyon
Cladosporium sp. 18.4B1 Kontaminasyon
Cladosporium sp. 25.1B10 Kontaminasyon
Teshis edilemedi 29.4B8 Kontaminasyon
Teshis edilemedi 90.2N3 Kontaminasyon
Teshis edilemedi 5.2B14 Kontaminasyon

*ITS sekansi bakimindan Turkiye icin yeni kayit (4 tir) (Asan, 2004; Asan ve Ark., 2016)
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Morfolojik ve molekiler analizin
sonucunda 2 farkli mikrofungus tirtinin teshisi
yapilamamis olup, 18 farkli mikrofungus
izolatinin morfolojik olarak cins dizeyinde
teshisleri yapilmis ve bu teshisler Blast Analiziile
de desteklenmistir.

Morfolojik ve molekiler analizlerin
ardindan yapilan tur teghislerinin sonucunda
(cins dizeyinde yapilanlar hari¢) Alternaria
cinsine ait toplam 3, Aspergillus cinsine ait
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toplam 9, Cladosporium cinsine ait toplam 4,
Penicillium cinsine ait toplam 14 farkl tir tespit
edilmigtir. Bunlarin yaninda Acremonium sp.,
Cochliobolus australiensis, Geosmithia pallida,
Lewia infectoria, Talaromyces verruculosus,
Trichoderma longibrachiatum ve Trichotesium
roseum turlerinin teshisi yapilmistir. Bunlardan
Tarkiye icin yeni kayit olanlardan 2 tanesiyle ilgili
fotograflar verilmistir (Sekil 1 ve 2).

Sekil 1. Aspergillus niveoglacus (7 gunlik koloni g('jriEJnUmiJ); CYA 37 °C'de Ureme yok. A. CYAB. CY20S

C.MEAD. DG-18 E. Mikroskobik gériintiisii (x400)
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E ' F
Sekil 2. Penicillium pimiteouiense (7 gunlik koloni gérintima); A. CYA30°C B. CYA C.
MEA D.G25NE.YES F.CREA

118



MANTAR DERGISI/The Journal of Fungus

Tartisma

Buzdolabi sicakhdinda ureyebilen ve
gidalarin bozulmasina neden olan funguslara
her zaman rastlamak mdmkindar
[www.mikrobiyoloji.org, Kavanagh, 2011]. Bizim
galismamiz da bu fikri desteklemektedir.
Calisma boyunca buzdolaplarindan toplam 11
farkli  fungus cinsi izole edilmistir. izole edilen
fungus sayisinin bu kadar ¢ok olmasi aslinda
funguslarin canli kalabildigi sicaklik araliginin ne
kadar genis oldugunu gdéstermektedir
[Pietikainen ve Ark., 2005] . Gidalari saklamak
icin kullanilan buzdolaplarinda bulunan
funguslar genellikle dolap kaynakli olmayip,
gidalar ve hava hareketleriyle gelmis olabilirler.
Calismamizda izole edilen Aspergillus spp.
icinde A.wentii ve A. nigerin fazla gérilmesini
(Tablo 3), turlerin gidalar Gzerinde yasayabilme
6zelliginden kaynaklandigini sdyleyebiliriz;
clnkl A.wentii ve A. niger, amilaz, sellobiaz,
katalaz, lipaz, proteaz, maltaz, vs. gibi cesitli
enzimlere sahiptir [www.mikrobiyoloji.org]. En
fazla izole edilen ikinci fungal cins Cladosporium
spp. (420 CFU/m’), tgiincl cins ise Alternaria
spp. (300 CFU/m®)'dir. Her iki cinsin bitki patojeni
olmasi ve organik gidalar Uzerinde bulunma
Ozellikleri bu iki cinsin buzdolabi havasi ortamina
meyve ve sebzelerle taginmis olmasi olasihigini
arttirmaktadir  [Brensch ve Ark., 2012, EI-
Alwany 2015].

Uygun saklama sicakliklarinda dahi,
bozulmaya neden olan veya patojen
mikroorganizmalar disik sicakliklarda buyir ve
raf dmrind kisaltir veya tiketici saghgini etkiler
[Irkin, R. 2010 ]. Altunatmaz ve Ark. (2012)'nin
yapmis olduklari ¢calismada da en fazla izole
edilen cins Penicillium spp.'dur (600 CFU/m3).
Penicillium spp. tirlerinin 4°C'de Ureyebilme
yetenekleri, bu sonucun tesadufii olmadigini
gbstemektedir. Buzdolaplarinda funguslarin
bulunmasi, saglik acgisindan da risk
olusturmaktadir. Nitekim, Brunetti ve Ark. (2006),
patojenik fungal sporlarin buzdolabi gibi
ekipmanlarda bulunabilecegini belirtmislerdir.
Ayrica Kowalski (1998), fungal sporlarin nem ve
besin bulduklar zaman, buzdolabi bobinlerinde
cimlenip Ureyebileceklerini belirtmistir. ilave
olarak, Baumgardner (2016), kiflerin buzdolabi
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kapi lastiklerinde bulunabilecegini belirtmigtir.
Dolayisiyle fungal sporlar buralardan havaya
karisabilir ve kapi acildikga buzdolabi igine de
girebilir. Thrasher (2016) ise, buzdolabi
kompressdrlerden elde ettikleri tozlardan cgesitli
mikotoksinler tespit etmislerdir; bu durum da
orada funguslarin bulundugunu géstermektedir.

Alternaria sp1, Cladosporium sp1,
Cladosporium sp2 ve Cladosporium sp3'e
baktigimizda, "BLAST Analizi" sonucunda en
yuksek oranda benzerlik gbsteren tirler icin
maksimum teshis degerleri sirasiyla % 94, % 95,
% 92 ve % 96 olarak bulunmustur (Tablo 5).
Dolayisiyla, sekans analizi sonucunda elde
edilen baz sayisinin yetersiz ya da baz dizisinin
verimsiz olmasindan dolayi, teshisi yapiimak
istenen 6rneklerle Gen Bankasindaki 6érneklerin
benzerlik oranlari disuktir. Tanimlanmasi
yapilan fungal tirleri degerlendirdigimizde,
hemen hemen tim cinslerinin morfolojik
tanimlama ile yapilan tir teshisleri ile molekiiler
yontemler ile yapilan tur teshislerinin benzer
oldugu gorilmektedir. Ancak morfolojik olarak
tir tanimi yapilamamis funguslarda molekdler
ybntemler daha etkili olmus ve tir tanimlanmasi
gerceklestirilebilmistir. Buna ragmen bazi
cinslerde molekiller yontemlerin de yetersiz
kaldigi gérilmastar.

Alternaria sp1, Cladosporium sp1,
Cladosporium sp2 ve Cladosporium sp3
disindaki teshis edilemeyen diger Alternaria spp.
ve Cladosporium spp. izolatlarina baktigimizda
ise, "BLAST Analizi" sonucunda MI (Maksimum
teshis) %'si tir dizeyinde teshise uygun
olmasina ragmen, sézkonusu bu izolatlarin Ml
%!'si, birden fazla farkl tirle ayni oldugu tespit
edilmistir (Tablo 5). Morfolojik incelemeler
sonucunda da bu duruma bir ¢6zim
getirilememesinden dolay! bu izolatlarin teshisi
yapilamamistir. Son zamanlarda tur teshisi icin
yapilan molekuler analizlerde, protein kodlayan
genler 6n plana c¢ikmaktadir. Bu genler;
elongation factor 1 alpha (TEF1 a ), calmodulin
(Cmd), B- Tubulin (Ben A), Actin (act) ve histone
(HIS) genleridir (Samson ve Ark., 2010).
Dolayisiyla, bu problem protein kodlayan uygun
bir gen dizisiincelenerek ¢dzulebilir.
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Aspergillus spp. turlerinin tamaminin molekuler
olarak teshisi yapilabilmistir. Toplam 19
Penicillium spp. izolatinin 14'G tur dizeyinde
teshis edilebilmis, 5'i ise edilememistir.
Penicillium sp1 i¢in, blast analizi sonucunda en
fazla benzerlik (=MI), % 92 oraninda P.
cordubense olarak tespit edilmistir (Tablo 5).
Alternaria sp1, Cladosporium sp1,
Cladosporium sp2 ve Cladosporium sp3'te
oldugu gibi, sekans analizi sonucunda elde
edilen baz sayisinin yetersiz ya da baz dizileme
isleminin verimsiz olmasindan dolayi, teghisi
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yapilmak istenen drneklerle Gen Bankasindaki
6rneklerin benzerlik oranlari dusuktar.
Penicillium sp1 disindaki teshis edilemeyen
diger Penicillium spp. izolatlarina baktigimizda
ise, "BLAST Analizi" sonucunda MI %'si tir
duzeyinde teshise uygun olmasina ragmen,
s6zkonusu bu izolatlarin Ml %'sinin, birden fazla
farkh turle ayni oldugu tespit edilmistir (Tablo 5).
Morfolojik incelemeler sonucunda da bu duruma
bir ¢c6zim getirilememesinden dolay! bu
izolatlarin teshisi yapilamamistir.

Tablo 5. Tur diizeyinde tanisi yapilamayan tirlerin "BLAST Analizi" sonuglari

Morfolojik . Max Total Query E Max Accession
Kodu Tami Molekiiler Tani score | Score Cover | Value | Ident No
7711 | A ‘Z’:‘Zf’“m Acremonium sp. 1105 | 1105 | %98 00 | %100 | HQB08111.1
49.1N11 | Alternaria sp1* | Alternaria tenuissima 821 821 %94 0.0 %94 FJ827038.1
Alternaria sp. 933 933 %89 00 | %99 | KC139480.1
02156 Al oD Alternaria alternata 928 928 %88 0.0 %99 JF973293.1
. ernaria sp. - —
Alternaria tenuissima 928 928 %88 0.0 %99 EU326185.1
Alternaria arborescens | 922 922 %88 0.0 %99 KC464334.1
Alternaria tenuissima | 1062 | 1062 | %98 00 | %100 | JN542519.1
Al 2 503 Alternaria alternata 1062 1062 %98 0.0 %100 | GQ121322.2
102.1H7 ernaria sp
Alternaria longipes 1062 1062 %98 0.0 %100 AY154684.1
Alternaria mali 1062 1062 %98 0.0 %100 AY154683.1
s5onz | Cladosporium | Cladosporium 800 | 800 | %89 | 0.0 | %95 | JQ946393.1
sp1 cucumerinum
51.1E41 C’ad:sgf’”“m Cladosporium sp. 649 | 649 %82 00 | %92 | FR799496.1
96.2H17 C’adg;gf”“’" Cladosporium sp. 865 | 865 | %94 | 00 | %96 | HQ696055.1
Cladosporium sp. 1035 1035 %98 0.0 %100 JX164083.1
s6.2m11 | Cladosporium | Cladosporium 968 | 968 %92 00 | %100 | AF538619.2
sp4 cladosporioides
Cladosporium aphidis 955 955 %98 0.0 %98 JN906978.1
55.6B2 C’ads":;?,r’”m Cladosporium sp. 1024 | 1024 | %97 | 0.0 | %100 | HQB08074.1
Cladosporium 929 929 %92 00 | %98 | DQ681347.1
cucumerinum
Cladosporium i
73.4B2 P Cladosporium 926 | 926 %90 00 | %99 | JF499839.1
sp6 ramotenellum
Cladosporium 926 | 926 %90 00 | %99 | AY361994.1
cladosporioides

120



MANTAR DERGISI/The Journal of Fungus

Tablo 5. devami
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Morfolojik . Max Total Query E Max Accession
Kodu Tani Molekiiler Tani Score Score Cover Value Ident No
Cladosporium
.p 1027 1027 %98 0.0 %100 AF393695.2
coralloides
1004gg | Cladosporium | Cladosporium 1027 | 1027 | %98 | 00 | %100 | AJ300331.1
sp7 tenuissimum
Cladosporium
'L.). 1024 1024 %98 0.0 %100 AF393702.2
gossypiicola
C/adospor./u.m 1027 1027 %98 0.0 %100 JQ936096.1
cladosporioides
Cladosporium
i 1027 1027 %98 0.0 %100 JF499838.1
101.4H5 Cladosgor’”m phaenocomae ° °
S
P Davidiella tassiana 1027 1027 %98 0.0 %100 FN868485.1
Cladosporium
. p 1027 1027 %98 0.0 %100 AF393724.2
tenuissimum
it rium
% adosPO.. i 952 952 %90 0.0 %99 HQ115727 .1
langeronii
1 it rium
s3.2e17 | Cladosporium |- Cladosporiu 952 | 952 | %90 | 00 | %99 | AF455525.1
sp9 cladosporioides
C/adospor/um 935 935 %90 0.0 %99 FJ216453.1
colocasiae
Penicil Penicillium
9.3E1 e’;’;; m- cordubense 732 | 732 | %81 | 00 | %92 | AF527055.1
Penicillium
enicii 1007 1007 %90 0.0 %99 JQ781768.1
chrysogenum
Penicillium
e. eriu 1007 1007 %90 0.0 %99 JQ781745.1
griseofulvum
- Penicillium
204N2 | Penicillium sp2 | ©SMMCIIUT 1007 | 1007 | %90 0.0 %99 GQ161752.1
dipodomyicola
Penicillium commune 1007 1007 %90 0.0 %99 EU833215.1
Penicillium citrinum 1007 1007 %90 0.0 %99 EU833214.1
Penicillium vinaceum| 1007 1007 %90 0.0 %99 DQ681340.1
Pemc,/.hum 996 996 %92 0.0 %98 JN831361.1
argentinense
38.3N2 Penicillium sp3 Penicillium 990 990 %92 0.0 %98 JN617699.1
euglaucum
Penicillium
. 942 942 %85 0.0 %99 GU944598.1
anatolicum
Penicillium glabrum | 1007 1007 %91 0.0 %99 JX421718.1
Penicillium
60.4E1 | Penicillium spa | | oo 1002 | 1002 | %92 | 00 | %99 | HQB08085.1
spinulosum
Penicillium thomii 1000 1000 %91 0.0 %99 KC167849.1
Acremonium _
7.1B14 Tanisi ke 551 551 %wrg | SE %86 | HQ914930.1
yapilamadi implicatum* 153
63.2819 1COTE] Eurotium 640 | 640 | %97 | YE | oo JN862800.1
yapllamadi | amstelodami* 180

* Bazsayisl yetersiz olan izolat
** Max ident %100 olmasina ragmen tir diizeyinde (DNA veri bankasinda eslesen tir olamamasi
nedeniyle) tanisi yapilamayan izolat
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Co6zim amaciyla, Aspergillus spp. ve
Penicillium spp. turleri icin molekiler teshisinde
kullanilan ve tirler arasi ayrimda ITS'ye oranla
daha spesifik olan B-tubilin, Calmodulin, TEF 1 a
gibi gen bdélgelerinin alternatif destekleyici gen
dizisi olarak arastiriimasi yararli olabilir [Samson
ve Ark., 2010]. Calismamizda Aspergillus spp. ve
Penicillium spp. tirlerinin molekiler teshisinin
Dematiaceous grubuna ait tirlerden daha
basarili oldugu gérulmustur. Aspergillus spp. ve
Penicillium spp. tdrlerinin besiyerlerinde
gelisirken sporulasyon miktarinin genellikle gok
olmasi nedeniyle DNA izolasyonunun ilk
basamaginda (hiflerin tampon igeren
ekstraksiyon tlupune aktariimasi) karsilasilan
problemi minimuma indirerek, DNA
izolasyonunun ve dolayisiyla PCR islemindeki
basarili sonuclarin elde edilmesiyle
bagdastirilabilir.

Molekiler agidan bakildiginda, ITS gen
bélgesi sekans analizi esnasinda yeterli ve dogru
saylda baz okudugunda DNA veri bankasindaki
sekanlarla % 100 ve % 99 gibi yliksek ylzdelerle
eslesebilmesine ragmen, bazen sekanslama
ybnteminden ve/veya dizileme esnasinda cihaz
okuma verimsizliginden kaynaklanan
problemlerden dolayi, bélgenin (ITS-1, 5,8S,
ITS-2) icerdegi bazdan daha az sayida (ve bazen
sanal olarak fazla sayida) ve kalitede baz
okunmasi gergeklesebilmektedir. Bu durumda
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eger maksimum teshis % 97'den az ise ITS gen
bélgesinin okunmasi tekrarlanmalidir. Eger %
97-100 arasinda ise molekuler teshisi
desteklemek amaciyla mutlaka 2. bir gen bélgesi
okunmasi yararh olur. Penicillium thomii ve
Eupenicillium lapidosum morfolojik olarak farkli
fakat DNA sekansi farki icermezken, Penicillium
spinulosum, P. glabrum, P. montanense ve P.
Purpurescens ise DNA sekansi agisindan
farkhlik gosterir fakat cok az morfolojik farkhlik
gosterirler (Samson ve Pitt, 2000). Bu 6rnekten
ve bizim galismamizda elde ettigimiz
sonuglardan da anlasilacagi tzere, kif
izolatlarinin siniflandiriimasindaki tim bu
teredditler morfolojik ve molekiler yéntemlerin
birlikte ele alindiginda ortadan kaldirilabilir.
Dolayisiyla bu calisma bir adim daha ileriye
goétirulerek incelenen gen bdlgesi disinda cinse
spesifik alternatif ve destekleyici baska gen
bdélgelerinin de arastirilmasiyla daha givenilir bir
sekilde aydinlatilabilir.
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Research Article

An Interesting Half-Free Morel Record for Turkish
Mycobiota (Morchella popll\l/{iphil)a M. Kuo, M.C. Carter & J.D.
oore

ismail ACAR’, Yusuf UZUN?

'Department of Organic Agriculture, Baskale Vocational High School, Yiiziinci Yil
University, 65080, Van, Turkey
*Department of Pharmaceutical Sciences, Faculty of Pharmacy, Yiziinci Yil University,
65080, Van, Turkey

Abstract: Morchella species that are known as "Kuzu gébegdi" in many regions of
Turkey are among the mushrooms consumed all around the world. Moreover, Morels are a
group of mushrooms attracting people's interest because of its high economic value. Our
study material, Morchella populiphila M. Kuo, M.C. Carter & J.D. Moore was firstly reported in
Van province in 2017. Short depiction and the photographs of the species are provided and
discussed briefly.

Key words: Mycobiota, Morchella populiphila, New record, Van

Tiirkiye Mikobiyotasi igin ilging Bir Yari-Serbest Morel Kaydi
(Morchella populiphila M. Kuo, M.C. Carter & J.D. Moore)

Oz: Tirkiye'de birgok bélgede "Kuzu gébegi" mantari olarak bilinen Morchella tirleri
tim dinyada tuketilen mantarlar arasinda yer alir. Moreller ekonomik degeri ylksek
olmasindan dolay! da insanlarin ilgisini ¢geken bir mantar grubudur. Calisma materyalini
olusturan Morchella populiphila M. Kuo, M.C. Carter & J.D. Moore 2017 yilinda yapilan arazi
¢alismasinda ilk kez Van ilinde rapor edilmigtir. TUrin kisa betimi ve fotograflari verilmis,

kisaca tartisiimisgtir.

Anahtar kelimeler: Mikobiyota, Morchella populiphila, Yenikayit, Van

Introduction

Morels are devided into two groups such as true
and false. The true morels includes the
Morchella genus and the false ones covers the
Mitrophora, Verpa and Gyromitra genera.
Morchella and Gyromitra members have
ascocarp which usually attaches to the stipe,
while the Verpa species have free of askocarp.
Morels are devided black and yellow species of
Morchella ( Kuo, 2005; Negi, 2006). Morchella
species are saprophytic fungi living in both
conifer and broad leaf temperate forest (Negi,
2006). In the research area, we observed that
samples of Morchella populiphila species are
morphologically similar to Verpa species In
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previous studies, this species was reported in
Canada and the United States by Kuo et al.
(2012) in China by Li et al. (2013) and in Spain
anonymously (2013). According to the checklists
of Turkish macrofungi (Solak et al., 2015; Sesli
and Denchev, 2014) and contributed data
recently (Uzun et al., 2014; Acar et al., 2015;
Akata and Dogan, 2015; Akata etal., 2015; Akata
2017; Akata and Uzun 2017; Acar and Uzun,
2016; Akcay and Uzun, 2016; Demirel et al.,
2016; Dogan et al., 2016; Sesli et al, 2016;
Taskin et al., 2016 and All et al., 2017),
Morchella populiphila has not been previously
reported in Turkey.
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The purpose of this study is to make
contribution to the Turkish Mycobiota by adding
new reported species, Morchella populiphila.

Materials and Methods

Macrofungi species were collected from
Catak (Van) in 2017. Relevant ecological and
morphological properties of the specimen were
noted and their photographes were taken in
natural habitats. The samples were carried to the
fungarium of Yuzuncl Yil University in Van
(VANF). for detailed studies. Distilled water, IKI,
and 5% KOH were used to investigate
microscopic structures. Microphotographs of
apothecia were taken under a light microscope
(Leica DM 1000). The species were identified by
using publications of Kuo (2012), Kuo et al.
(2012) and Kuo and Methven (2014). The
identified sample was deposited at the
Fungarium of Yizinci Yil University in Van
(VANF).

Results

Short depictions, photographs of
apothecia, and microphotographs of asci,
paraphyses, excipulum and spores are provided
as follows.
Pezizales
Morchellaceae Rchb.
Morchella populiphila M. Kuo, M.C.
Carter & J.D. Moore

oy .,'

Figure 1. Ascocarps of Morchella populiphila
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Macroscopic and microscopic

features

Ascocarp: 30-60 x 20-45 mm diam.;
conoid or broadly conoid; dimpled and
protruding, with the pits primarily collocated in
the perpendicular; when young with glabrous,
flattened, honey brown to pale brownish ledges,
and whitish to brownish holes; when mature
developing flattened to sharpened, dark brown
to black ledges and yellowish to brownish holes;
connected in a skirt-like manner to the stipe,
about halfway from the top. Stipe: 25-100 x 10-
55 mm diam.; often concealed under the
ascocarp when young, but extending
dramatically with maturity; particularly toward
the base swollen when wet; white to aqueous
brownish; usually floury with whitish granules
that sometimes darken to brown (Figure 1).
Ascopores: 20-27 x 11-16.5 ym; smooth;
elliptic; without oil droplets; with homogeneous
table of contents. Asci: 15-25 x 220-330 uym, 8-
spored. Paraphyses: cylindrical with rounded,
subacute, or subclavate apices, septate, hyaline
in KOH. Elements on sterile ridges: 100-170 x
9-20 uym, septate; firmly packed in an even layer;
brownish to brown in KOH. Terminal cell: widely
clavate to subrectangular with a flattened to
widely rounded apex (Figure 2).

Van, Catak, Kanisipi, under Populus sp.,
38°31'041"N, 43°30'135"E, 1684 m, 10.05.2017,
Acar. 958.
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50 pm

20 pm

Figure 2. Morchella populiphila a. Asci in distilled water, b. Asci apices in IKI, ¢. Asci and
paraphyses in KOH, d. Ascospores in distilled water, e. Paraphyses in KOH, f. Elements on sterile

ridges

Discussion

Half-free morels are morphologically very
similar to each other. However, their microscopic
features and habitats are different. Morchella
populiphila and M. punctipes are half-free
morels. Morchella populiphila shows association
with Populus sp. while M. punctipes grows under
hardwoods. At the same time, elements on
sterile ridges of M. populiphila 100-170 x 9-20
pm while elements on sterile ridges of M.
punctipes 50-100 x 10-25 ym. Verpa bohemica
looks similar to these species, but its cap hangs
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Arastirma Makalesi

Selguk Universitesi Alaeddin Keykybat Kampiisii (Konya)
Makromantarlarina llaveler
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'Selguk Universitesi, Fen Fakiiltesi, Biyoloji Bélimii, Konya
2Selguk Universitesi, Mantarcilik Uygulama ve Arastirma Merkezi Miidurliigu, Konya

Oz: Bu calisma, 2011-2014 yillari arasinda Selguk Universitesi Alaeddin Keykubat
Kampusu sinirlar igerisinde yapilmistir.  Makromantar gelisimine uygun dénemlerde
toplanan 6rneklerin ilgili literatir yardimi ile teshisleri yapilmis ve kurutulan &rnekler
fungaryum materyali haline getirilmistir. Sonug olarak 2 bélim, 21 familya, 34 cinse ait 59
tur tespit edilmistir. Turlerin yenir, yenmez ve zehirli olup olmadiklar tespit edilmistir. Bu
alanda daha 6nce yapilan ¢alismaile sonuglar karsilastiriimistir.

Anahtar kelimeler: Makromantarlar, Sistematik, Selguk Universitesi, Alaeddin
Keykubat Kampusu, Konya, Turkiye

Additions to the Macrofungi of Selguk University
Alaeddin Keykubat Campus(Konya)

Abstract: This study was conducted within the boundaries of Selcuk University
Alaeddin Keykubat Campus between the years 2011 and 2014. The specimens collected
during the periods appropriate for the macrofungi development were diagnosed with the help
of the related literature and the dried specimens were converted into fungarium material.
Consequently, 59 species belonging to the two division, 21 families, and 34 genera were
identified. It is determined whether the taxa are edible, inedible and toxic or not. With

previous study was compared with the results in this area.
Key words: Macrofungi, Systematic, Selguk University, Alaeddin Keykubat Campus,

Konya, Turkey

Giris

Bu gline kadar yapilan butin c¢alisma-
larda, farkli mantarlarin uygun ortam sartlarinda
rahatlikla furiktifikasyon organi meydana
getirdikleri tespit edilmistir. Calisma alanimizi
olusturan Selguk Universitesi kampis alani
1983 yilinda kurulmaya baslandiinda bdlgede
agac degil ¢ali formunda bitki bulmak bile
mUmkin degildi. Bu tarihten itibaren kampis
alaninda fakdiltelerin kurulmasi ile gevre
dizenlemeleri yapilmis ve cesitli agac tdrleri
dikilmistir. Yapilan bakim ve sulama c¢alismalari
ile bu giin kampts sinirlari igcerisinde bélgesel
agagc topluluklari, mesire alanlari ve kiigik hatira

Sorumlu yazar:sinanalkan42@gmail.com
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ormanlari yer almaktadir. Yillar igcerisinde
gelisen bu ekolojik sartlar pek ¢ok canliya
gelisme ve yetisme firsati sunmustur. Ozellikle
gelisen ve bluylyen agac turleri sayesinde
kampus alaninda farkli mantar turlerinin yetistigi
g6rulmektedir. Bu nedenle ¢alismanin amacla-
rindan biri bolgede gelisen ve degisen bitki
ortust makromantar cesitliligine etkisini tespit
etmektir. Calisma alanimizda bitki értlisiiniin ve
orman katinin daha az veya neredeyse yok
denecek kadar az oldugu 1999 yilinda Kasik ve
ark. tarafindan yapilan calismada 11 takson
tespit edilmistir.
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150 yildan daha fazla bir sure igerisinde
Tuarkiye makromantarlari Uzerine Ulkemizdeki
farkh Gniversitelerdeki arastirmacilar tarafindan
genis capli taksonomik arastirmalar yapilmigtir.
Bu arastirmalar 6zellikle son 15 yilda kayda
degder bir sekilde artmis ve elde edilen sonuglar
cesitli arastirmacilar tarafindan kontrol listeleri
olarak verilmistir (Dogan ve ark., 2005; Sesli ve
Denchev, 2008). Bu listelerin her gegen yil
glncellenmesinin yani sira yapilan yeni
calismalarla arastirmacilar tarafindan tlkemizin
makromantar listesine yeni lokalite ve mantar
turleri ilave edilmektedir (Acar ve Uzun, 2016;
Akata, 2017; Akata ve Uzun, 2017; Akata ve ark.,
2016a, 2016b; Akgcay ve Uzun, 2016; Alkan ve
ark., 2016; Alli ve ark., 2016; Demirel ve Kogak,
2016; Demirel ve ark., 2016; Dogan ve Kurt,
2016; Kaya ve ark., 2016; Al ve ark., 2017;
Oztirk C. ve ark.., 2017; Ozturk O. ve ark., 2016;
Sesli ve Topgu Sesli, 2016, 2017; Sesli ve
Vizzini, 2017; Sesli ve ark., 2016; Vizzini ve ark.,
2016; Uzunve ark., 2017).

Materyal ve Metot

Selguk Universitesi kampis alaninda
Kasik ve ark. (1999) tarafindan yapilan
calismada 11 takson tespit edilmistir. Bunun
sebebi o dénemlerde yeteri kadar agag
yogunlugunun bulunmamasi ve uygun iklim
sartlarinin uygun olmamasidir. Yaklasik olarak
10 yilhk bir ekolojik gelisim sonucunda ¢alisma
alaninda mantar ¢esitliligi de artmigtir.

Bdlgedeki mantarlarin geligsimine olanak
saglayan baslica agag gruplari gam (Pinus nigra
J.F.Arnold), sedir (Cedrus libani Loud.) ve ¢inar
(Platanus orientalis L.) turlerinin yani sira ségut
(Salix sp.), akasya (Acacia sp.), kavak (Populus
sp.) ve meyve agdaclaridir. Calisma alanina ig
Anadolu iklimi hakimdir.

Bu calismanin materyali 2011-2014 yillari
arasindaki periyodik saha calismalarinda
Selguk Universitesi Alaeddin Keykubat
kampusu sinirlari igerisinde farkli lokalitelerden
toplanmistir. Arazi galigsmalari sirasinda
makroskobik ve ekolojik 6zellikler kaydedilen
makromantarlarin dodal ortamlarinda
fotograflari cekilmistir..
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Ornekler laboratuvara getirildikten sonra,
sicaklik ve zaman ayarh kurutma dolaplarinda
kurutulmus ve fungaryum materyali haline
getirilerek dolaplara yerlestirilmigtir.

Ornekler teshis edilirken mikroskobik
karakterler fungaryumda 1sik mikroskopu
altinda incelenmistir. Elde edilen makroskobik
ve mikroskobik veriler dogrultusunda &érnekler
ilgili literatar yardimi ile teshis edilmigstir
(Breitenbach ve Kranzlin, 1984-2000; Jordan,
1995; Hansen ve Knudsen 1992-2000;
Ryvarden ve Gilbertson (1993), Kranzlin 2005
ve Medardi 2006; Cannon ve Kirk, 2007).

Bu calisma ile tespit edilen 6rnekler
Selguk Universitesi Mantarcilik Uygulama ve
Arastirma Merkezi Fungaryumu'nda
saklanmaktadir.

Bulgular

Bu galisma Selguk Universitesi (Konya)
kampus alanindaki makromantarlarin tespit
edilmesi amaciyla yapilmistir. Arazi calig-
masinda mantarlar dodal ortamlarinda foto-
graflar ¢ekildikten sonra uygun sekilde toplan-
mistir. Teshis edilen turler Cannon ve Kirk
(2007), Kirk ve ark. (2008), http://www.
mycobank.org ve http://www. indexfungorum.
org veri tabanlarina gére sistematik olarak
dizilmistir (Index Fungorum Url. 1, Mycobank
Url. 2).
Ascomycota
Helvellaceae
1. Helvella leucomelaena (Pers.) Nannf.
Ogrenci yurtlari yaninda, gam ormani ibreler
arasinda, 10.03.2014 FN: 4198.
Basidiomycota
Agaricaceae
2. Agaricus bisporus (J.E. Lange) Imbach
Edebiyat Fakultesi 6nl, ¢imenler arasinda,
07.12.2012 FN: 3786.
Ziraat Fakultesi 6nl, ¢imenler arasinda,
06.10.2012 FN: 3785.
3. Agaricus bitorquis (Quél.) Sacc.
Kituphane binasi 6nl, ¢cam agdaclari altinda,
24.10.2011 FN: 3787.
Enstitist binasi éni, cimenler arasinda,
25.10.2013 FN: 3736.
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Veteriner Fakiiltesi 6nl, ¢imenler arasinda,
08.10.2013 FN: 3735.

4. Agaricus campestris L.

Sosyal tesisler 6nil, ¢imenler arasinda,
02.12.2012 FN: 3847

5. Coprinus comatus (O.F. Mull.) Pers.
Enstitist binasi 6nl, ¢imenler arasinda,
17.10.2011 FN: 3856.

Fen Fakdultesi 6nl, ¢imenler arasinda,
20.10.2012 FN: 3800.

Edebiyat Fakdiltesi 6ni, c¢imenler arasinda,
13.11.2012 FN: 3855.

Kampds girisi, ¢cimenler arasinda, 12.11.2012
FN:3844.

Hukuk Fakultesi 6nl, ¢imenler arasinda,
05.11.2012 FN: 3802.

Tark Buyukleri Heykellerinin arkasi, ¢imenler
arasinda, 02.12.2012 FN: 3748.

Edebiyat Fakultesi 6nl, gimenler arasinda,
08.10.2013 FN: 3743.

Veteriner Fakultesi 6nl, ¢imenler arasinda,
08.10.2013 FN: 3745.

Ziraat Fakultesi arkasi, ¢imenler arasinda,
08.10.2013 FN: 3746.

Enstitd binasi 6ni, ¢cimenler arasinda,
25.10.2013 FN: 3750.

Sanat Tasarim Fakultesi 6n, ¢imenler arasinda,
25.10.2013 FN: 3744.

6. Lepiota cristata (Bolton) P. Kumm.
Klatiphane c¢evresi, ¢cimenler arasinda,
20.10.2011 FN: 3863.

7. Lepiota wasseriBon

Bilgisayar bilimleri merkezi c¢evresi, ¢imenler
arasinda, 21.10.2011 FN 3808.

8. Leucoagaricus leucothites (Vittad.) Wasser
Enstitist binasi 6nl, ¢imenler arasinda,
25.10.2013FN: 3770.

Bolbitiaceae

9. Conocybe moseri\Watling

Tip Fakultesi acil girisi édninde, cimenler
arasinda, 12.05.2012 FN: 3754.

10. Conocybe rickenianaP.D. Orton
Kiatiphane 6nu, ¢gam agaclari altinda,
21.10.2011 FN: 3999.

11. Conocybe subovalis Kiihner & Watling
Kampus eski girisi, ¢cimenler arasinda,
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12.11.2012 FN: 3859.

Cortinariaceae

12. Hebeloma sinapizans (Paulet) Gillet
Edebiyat Fakultesi 6ni, ¢imenler arasinda,
10.03.2014 FN: 3867.

Geastraceae

13. Geastrum fimbriatum Fr.

Ziraat Fakdiltesi 6nl, cimenler arasinda,
03.03.2014 FN: 3806.

14. Geastrum pectinatum Pers.

Ziraat Fakultesi 6ni, ¢imenler arasinda,
03.03.2014 FN: 3866.

Gomphidiaceae

15. Chroogomphus rutilus (Schaeff.) O.K. Mill.
Fen Fakultesi 6nl, ¢imenler arasinda,
13.11.2012 FN: 3797.

Hymenochaetaceae

16. Inocutis rheades (Pers.) Fiasson & Niemela
Olimpik havuz arkasi, kitik Gzerinde,
18.10.2012 FN: 3769.

17. Phellinus hartigii (Allesch. & Schnabl) Pat.
Selguk Tip Fakiltesi Hastanesi arkasi, gcimenler
arasinda, 18.12.2012 FN: 3776.

18. Phellinus igniarius (L.) Quél.

Selguk Tip Fakiltesi Hastanesi arkasi, ¢cimenler
arasinda, 18.12.2012 FN: 3656.

19. Phellinus pomaceus (Pers.) Maire

Olimpik havuz arkasi, kesilmis aga¢ kutagu
Uzerinde, 18.10.2012 FN: 3657.
Hymenogastraceae

20. Psilocybe coronilla (Bull.) Noordel.

Fen Fakulltesi 6nl, aga¢ kutagua Uzerinde,
13.11.2012 FN: 3824.

Hygrophoraceae

21. Hygrocybe conica (Schaeff.) P. Kumm.
Mihendislik Fakultesi 6nd, ¢imenler arasinda,
21.10.2011 FN: 3760.

Ziraat Fakiltesi arkasi, ¢imenler arasinda,
08.10.2013 FN: 3759.

Veteriner Fakdiltesi yani, ¢imenler arasinda,
08.10.2013 FN: 3766.

Sanat Tasarim Fakultesi 6nii, cimenler arasinda,
25.10.2013 FN: 3764.

Veteriner Fakdiltesi arkasi, ¢imenler arasinda,
08.10.2013 FN: 3757.
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Ziraat Fakultesi arkasi, ¢imenler arasinda,
14.11.2013 FN: 3762.

Ziraat Fakultesi arkasi, ¢imenler arasinda,
14.10.2013 FN: 3758.

Inocybaceae

22. Inocybe mixtilis (Britzelm.) Sacc.

Atatlrk yurdu civari, ¢imenler arasinda,
21.10.2011 FN: 3862.

23. Inocybe splendens R. Heim

Veteriner Fakdltesi yani, ¢imenler arasinda,
24.10.2012 FN 3807.

Lyophyllaceae

24. Lyophyllum decastes (Fr.) Singer

Hukuk Fakultesi 6nli, ¢imenler arasinda,
12.11.2012 FN: 3809.

Meruliaceae

25. Bjerkandera adusta (Willd.) P. Karst.

Enstitl binasi 6nu, agag kok kalintilari Gzerinde,
05.11.2012 FN: 3796.

Physalacriaceae

26. Armillaria mellea (Vahl) P. Kumm.

Selguk Tip Fakiltesi Hastanesi arkasi, gimenler
arasinda, 18.12.2012 FN: 3742.

27. Flammulina velutipes (Curtis) Singer
Edebiyat Fakultesi 6nl, agac¢ kutigu Uzerinde,
13.11.2012 FN: 3834.

Pleurotaceae

28. Pleurotus dryinus (Pers.) P. Kumm.

Enstitl binasi yani, kavak (Populus spp.) agaci
Uzerinde, 17.05.2012 FN: 3814.

29. Pleurotus eryngii (DC.) Quél.

Olimpik havuz arkasi, ¢ok yillik bitki kdkinde,
17.05.2012FN: 3815.

30. Pleurotus ostreatus (Jacq.) P. Kumm.
Enstiti binasi yani, Kavak agaci Uzerinde,
17.05.2012FN: 3816.

Enstitd binasi 6ni, S6gut agaci Uzerinde,
18.12.2012FN: 3817.

Pluteaceae

31. Volvopluteus gloiocephalus (DC.) Vizzini,
Contu & Justo

Mihendislik Fakdltesi 6nl, ¢imenler arasinda,
05.11.2012 FN: 3837.

Polyporaceae

32. Fomes fomentarius (L.) Fr.

Turk Buyukleri Heykellerinin civari, kavak
(Populus spp.) agaci tzerinde, 03.05.2012 FN:
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3860.

Hukuk Fakultesi 6nu, katik Uzerinde,
05.11.2012 FN: 3805.

Psathyrellaceae

33. Coprinellus disseminatus (Pers.) J.E.
Lange

Enstitist binasi 6ni, ¢imenler arasinda,
12.01.2012 FN: 3755.

34. Coprinellus micaceus (Bull.) Vilgalys,
Hopple & Jacq. Johnson

Fen Fakdultesi 6nl, ¢imenler arasinda,
08.05.2012 FN: 3888.

35. Coprinopsis atramentaria (Bull.) Redhead,
Vilgalys & Moncalvo

Edebiyat Fakultesi 6nu, agac¢ altinda,
09.05.2012 FN: 3858.

36. Coprinopsis marcescibilis (Britzelm.)
Orstadius & E. Larss.

Fen Fakulltesi 6nl, ¢imenler arasinda,
19.10.2011 FN: 3828.

Edebiyat Fakultesi 6ni, gimenler arasinda,
13.11.2012 FN: 4010.

37. Panaeolus olivaceus F.H. Mgller

Edebiyat Fakiltesi 6ni, ¢imenler arasinda,
14.10.2011 FN: 4460.

38. Psathyrella candolleana (Fr.) Maire

Saglhk Bilimleri Fakiltesi arkasi, ¢imenler
arasinda, 17.05.2012 FN: 3818.

39. Psathyrella tephrophylla (Romagn.) Bon
Edebiyat Fakiltesi 6ni, ¢imenler arasinda,
14.10.2011 FN: 3864.

Schizophyllaceae

40. Schizophyllum communeFr.

Kampus eski girisi, cam agaclari Uzerinde,
12.05.2012 FN: 3823.

Strophariaceae

41. Agrocybe dura (Bolton) Singer

Bilgisayar bilimleri merkezi g¢evresi, ¢imenler
arasinda, 21.10.2011 FN: 3848.

42. Agrocybe paludosa (J.E. Lange) Kihner &
Romagn. ex Bon

Bankamatikler karsisi, ¢imenler arasinda,
08.05.2012 FN: 3791.

Bankamatikler karsisi, ¢cimenler arasinda,
05.11.2012 FN: 3793.

Veteriner Fakdiltesi yani, ¢imenler arasinda,
08.10.2013 FN: 3740.
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43. Agrocybe praecox (Pers.) Fayod

Kampus eski girisi, ¢gimenler arasinda,
14.05.2012 FN: 3853.

44. Agrocybe vervacti (Fr.) Singer

Gokkusagdi AVM cgevresinde, ¢imenler arasinda,
05.11.2012 FN: 3794.

45. Pholiota limonella (Peck) Sacc.

Edebiyat Fakiltesi 6nu, aga¢ kutugu Gzerinde,
19.10.2011 FN 3852.

46. Pholiota squarrosa (Vahl) P. Kumm.
Edebiyat Fakdiltesi 6ni, agag kutugu Uzerinde,
16.08.2011 FN: 3851.

Enstitl binasi 6nl, s6égut agaci Uzerinde,
17.10.2011 FN: 3850.

47. Protostropharia semiglobata (Batsch)
Redhead, Moncalvo & Vilgalys

Hukuk Fakultesi 6nl, ¢imenler arasinda,
13.11.2012 FN: 3778.

Suillaceae

48. Suillus bovinus (L.) Roussel

Sosyal Bilimler Faklltesi 6nl, ¢cam agaclar
altinda ¢imenler arasinda, 18.12.2012 FN: 3826.
Tip Fakulltesi Hastanesi arkasi, cam agaclari
altinda ¢imenler arasinda, 18.12.2012 FN: 3781.
49. Suillus collinitus (Fr.) Kuntze

Veteriner Fakultesi yani, cam agaclar altinda
¢imenlerarasinda, 06.10.2012 FN: 3780.
Olimpik havuz yani, cam agagclari altinda
¢imenlerarasinda, 07.12.2012 FN: 3827.
Enstitisi binasi 6ni, ¢am agaclari altinda
¢cimenler arasinda, 25.10.2013 FN: 3779.

50. Suillus flavidus (Fr.) J. Presl

Hukuk Fakdiltesi énd, ¢cam agaclar altinda
¢imenler arasinda, 16.10.2013 FN: 3782.

51. Suillus luteus (L.) Roussel

Kutuphane yani, gam agdaclari altinda ¢imenler
arasinda, 20.10.2011 FN: 3831.

Edebiyat Fakulltesi 6nl, ¢gam agaclari altinda
cimenlerarasinda, 14.10.2011 FN: 3833.
Olimpik havuz yani, cam agagclari altinda
¢cimenlerarasinda, 07.11.2012 FN: 3830.
Tricholomataceae

52. Clitocybe costata Kiihner & Romagn.
Katiphane yani, gimenler arasinda, 20.10.2011
FN:3337.

53. Lepista nuda (Bull.) Cooke

Edebiyat Fakdiltesi 6nli, cam agaglari altinda
¢imenler arasinda, 03.03.2014 FN: 4312.
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54. Melanoleuca exscissa (Fr.) Singer
Katuphane 6n, gimenler arasinda, 20.10.2011
FN:3810.

Sanat Tasarim Fakultesi 6n0, gimenler arasinda,
20.10.2012 FN: 3811.

55. Melanoleuca graminicola (Velen.) Kiihner
& Maire

Muahendislik Fakultesi 6ni, ¢imenler arasinda,
24.10.2011 FN: 3812.

56. Melanoleuca humilis (Pers.) Pat.

Yadam 6nu, ¢imenler arasinda, 24.10.2011 FN:
3865.

57. Tricholoma basirubens (Bon) A. Riva &
Bon

Atatirk yurdu yukarisi, cam agaclari altinda,
11.10.2012 FN: 3835.

58. Tricholoma terreum (Schaeff.) P. Kumm.
Enstitisii binas1 6ni, ¢am agaclari altinda
¢cimenler arasinda, 25.10.2013 FN: 3883.
Tubariaceae

59. Tubaria furfuracea (Pers.) Gillet

Kutiphane gevresi, cam agaclari altinda
¢cimenler arasinda, 14.04.2014 FN: 3897.

Tartisma

Konya ilinin cografi konumu, ekolojik
sartlari, iklim o6zellikleri ve ayrica calisilan
bdlgenin dar olmasi gibi sartlar géz énlne
alindiginda tespit edilen tur sayisi hi¢ de
azimsanmayacak 6l¢idedir. Kaldi ki insan eliyle
hazirlanan bu ekolojik sartlar kisa zamanda
dogal gelisimlerle birlikte canhlar i¢in uygun bir
biyolojik yagsam alani olugsmasini saglamigtir.
Canlilar iginde 6nemli bir yere sahip olan
mantarlar da bu ekosistemde kendilerine bir yer
bulmuslardir.

Arastirma alaninda, daha 6nce yapilan
calismada tespit edilmis 8 tir “Agaricus bisporus
A. bitorquis, A. campestris, Leucoagaricus
leucothites (Syn: Leucoagaricus pudicus),
Agrocybe dura, Agrocybe paludosa, Coprinus
comatus, Psilocybe coronilla (Syn: Stropharia
coronilla)” bu calismada da tespit edilmigtir.
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3 tar “Terfezia arenaria (Syn:Terfezia (Sekil 1). Literatire gére 24 tir (% 41) yenir, 32
leonis), Hypholoma fasciculare, Hemileccinum tir (% 54) yenmez ve 3 tiir (% 5) ise zehirli olarak
impolitum (Syn:Boletus impolitus)”’ ise tespit tespit edilmistir.
edilememigstir. Buradan da anlasildigi Uzere Zehirli olan “Inocybe mixtilis, I. splendens
gecen zaman igerisinde arastirma alanindaki ve Panaeolus olivaceus” turleri literatire gére
makromantar cesitliliginde farkliliklar olumcil derecede tehlike arz etmemektedirler.
olugsmustur. Ancak yenildiginde bazi rahatsiz edici

Calisma alaninda belirlenen 59 hastaliklara sebep olduklari belirtiimektedir
makromantarin yenir, yenmez ve zehirli tur (Breitenbach ve Kranzlin, 1995-2000).

sayisina gore yizdelik grafigi asagida verilmistir

B Zehirli; 5%

- Yenir; 41%

Sekil 1.Belirlenen tirlerin besinsel durumu (%)

B Yenmez; 54

Bu caligsma ile birlikte Selguk Universitesi anlasildigi gibi calisma alaninda en fazla 7 adet
Kampils makromantarlarina ilave edilen tir sayisina sahip familyalar Strophariaceae,
Agaricomycetes sinifina ait mantarlarin Agaricaceae, Psathyrellaceae ve
familyalara gére dagilimi ve icermis olduklari tar Tricholomataceae familyalari olmustur.

sayilari Sekil 2'de goérildugi aibidir. Sekilden de

Helfvelloce ae
Agaricace oe
Bolbitioceae

Cortinariaceae
Geastrace ae
Gomphidicceae
Hymenochaetace ae
Hy menogastroceae
Hygrophoraceae
mmocybaceae
Lyophyllaceae
Merulicceae
Physalacrioceae

Pleurotace ae
Pluteace ae
Polyporaceae
Psathyrellaceae
Schizophyllaceae —— =
Strophariace oe

Suillaceae |
Tricholomatace ae
Tubariace ae

Sekil 2.Tur sayilarina gére familyalarin dagilimi
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Arastirma alaninda en yaygin tirler malari esnasinda bizimle birlikte mantar
“Coprinus comatus ve Hygrocybe conica” dir. toplayan insanlardan topladiklari mantarlarin
Ayrica arastirma alaninda arazi c¢alis- yerelisimleri hakkinda bilgi alinmistir(Tablo 1).

Tablo 1 Arastirma alaninda belirlenen bazi yenen mantarlarin yéresel isimleri

Helvella leucomelaena Kuzu kulagi
Agaricus bisporus Cayir mantari
Agaricus bitorquis Cayir mantari

Agaricus campestris Cayir mantari
Coprinus comatus Mirekkep mantari
Pleurotus eryngii Diken mantari

Pleurotus ostreatus Kavak mantari,
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Abstract: Hypocreanlean fungi are include important plant pathogens around the
world. Head blight and crown rot disease of cereals caused by these species are responsible
for large economic losses due to reduction in seed quality and contamination of grain with
their mycotoxins. Although morphological and biochemical tests are still fundamental there is
an increasing more towards molecular diagnostics of these fungi. This paper reviews to PCR
identification of Hypocreanlean fungi isolated from agricultural soil from Eskisehir City. Five
Hypocreanlean fungi belong to 4 different genera as Bionectria, Fusarium, Gibberella and
Nectria were isolated from 56 soil samples. DNA of these strains were isolated by glass
beads and vortexing extraction method and used for PCR ampilification with universal fungal
specific primers. The internal transcribed spacer (ITS) regions of fungal ribosomal DNA
(rDNA) were sequenced by CEQ 8000 Genetic Analysis System. The ITS-5.8S sequences
obtained in this study were compared with those deposited in the GenBank Database.
Phylogenetic position of investigated closely related Hypocreanlean fungi was determined.

Key words: Hypocreanlean; PCR; ITS; Phylogeny; Eskisehir

Tarimsal Topraklardan izole Edilen Bazi Hypocreales Uyelerinin
Molekiiler Teshisi ve Filogenisi

Oz: Hypocreanlean mantarlari Diinya'daki 6nemli bitki patojenleridir. Bu tirlerin
sebep oldugu bas tahribat ve tahil hasar hastalidi, tohum kalitesinde azalma ve tahilin
mikotoksinler ile bulagmasi nedeniyle buyuk ekonomik kayiplardan sorumludur. Morfolojik
ve biyokimyasal testler hala temel olsa da, bu mantarlarin molekuler teshisine ydnelim
giderek artmaktadir. Bu makale, Eskisehir'deki tarim topraklarindan izole edilmis olan
Hypocreanlean mantarlarinin PCR ile identifikasyonunu incelemektedir. Bionectria,
Fusarium, Gibberella ve Nectria olmak Uzere 4 farkl cinse ait 5 Hypocreanlean mantari 56
farkl toprak numunesinden izole edilmistir. Bu suslarin DNA's1, cam boncuklar ve vorteks
ekstraksiyon yontemi ile izole edilmis ve Universal fungal spesifik primerler ile PCR
amplifikasyonu igin kullaniimistir. Fungal ribozomal DNA'nin (rDNA) i¢ transkripsiyonlu
ayirici (ITS) bélgeleri, CEQ 8000 Genetik Analiz Sistemi ile dizilenmistir. Bu ¢alismada elde
edilen ITS-5.8S dizileri, GenBank veri tabaninda depolanan dizilerle karsilastinimistir.
incelenen birbirine yakin akraba Hypocreanlean mantarlarinin filogenetik konumu
belirlenmistir.

Anahtar kelimeler: Hypocreanlean; PCR; ITS; Filogeni; Eskisehir

Introduction Gibberella, Nectria and Bionectria that are

The best-known Hypocreanlean fungi mainly seen in agricultural, ecological, or
are a broad order that are include members of biodiversity studies (Howard, 2002; Stone et
Fusarium and Acremonium genera. They are al., 2004).

anamorphs of teleomorph genera, such as
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These genera are widely distributed in soil
and on organic substrates and have been
isolated from permafrost in the arctic and from
the sand of Sahara. They are amongst the fungi
most frequently isolated by the plant pathologist.
The predominant interest the genus has been
and still is in their role as plant pathogens (Booth,
1971; Ismail et al., 2015) as well as there are
species which are highly mycotoxigenic,
producing a range of toxins affecting wildlife,
livestock and humans (Antonissen et al., 2014).
The current fungal taxonomic systems have
been still identified by macroconidia and
microconidia in the asexual stage,
morphological character of chlamydospore, host
range, and secondary metabolites. However, the
plasticity and intergradations of the phenotypic
traits offered difficulty in identifying the
filamentous fungi (Ismail et al., 2015; Young et
al., 2000). In addition, because of their capacity
for rapid change, species identification presents
certain problems (Booth, 1971; Hsuan et al.,
2011). For these reasons, the molecular
biological method has been recently introduced
in Hypocreanlean fungi systematic and the
molecular variation at the DNA level has been
studied in many works (Young et al., 2000). In
addition to DNA sequencing, phylogenetic
analyses have been supported strong
information about genetic relationship of closely
related Hypocreanlean fungi (Hsuan et al.,
2011). This paper evaluates the use of ITS
sequences for identification and phylogenetic
analysis of closely related Hypocreanlean fungi
isolated from agricultural soils in Eskisehir
province.

Material and Method

Fungal Strains

All of the strains used in this study were
obtained from agricultural soils in Eskisehir
province and identified using traditional methods
according to the Booth (1971), Gerlach &
Nirenberg (1982) and Nelson et al. (1983).
Additional information on these and related
strains can also be found elsewhere (Demirel et
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al.,, 2005). All strains were stored in suitable
conditions at the Culture Collections of KUKENS
(WDCM101), the Centre for Research and
Application of Culture Collections of
Microorganisms. Cultures were maintained at
4°C on potato dextrose agar (PDA) for use in the
present study.

DNA Extraction, PCR Amplification
and Sequencing

Genomic DNA extraction were conducted
with strains grown on PDA for 7 days at 25°C
using a modified method of Van Burik et al.
(1998). DNA concentration were estimated
visually in 1% agarose gels containing 5 pg/mL
ethidium bromide by comparing band intensity
with known quantities of DNA high range
markers and the extracted DNA was stored at
-20°C. To examine the phylogenetic relationship
among the test strains of Fusarium, the nuclear
ribosomal ITS1-5.8S-ITS2 region was amplified
with primers [|ITS1 (5" -
TCCGTAGGTGAACCTGCGG-3")and ITS4 (5°-
TCCTCCGCTTATTGATATGC-3") (White et al.,
1990). PCRs were performed using Techne
Thermal Cycler (Techgene, Techne, UK) in 25-
mL solution containing 1 L of genomic DNA, 2.5
pL of 2.5-uM forward and reverse primers, 2.5 uL
of Taq buffer + KCI-MgCl, (Fermentas), 2.5 pL of
25-mM MgCl, (Fermentas), 2 yL of 2.5-mM
dNTPmix, 0.25 pL of 5-U/uL Taq DNA
polymerase (Fermentas) and 11.75 L of sterile
deionised water. The amplification conditions
consisted of initial denaturation at 95 °C for 2
min, followed by 35 cycles of denaturation at 95
°C for 1 min, annealing at 55 °C for 45 s,
extension at 72 °C for 1.30 s and final extension
at 72 °C for 5 min. To confirm the amplification, 5
pl of the PCR product together with marker
(GeneRuler DNA Lader 50 bp Fermentas) was
resolved by gel electrophoresis on 1% agarose
gel containing 5 pg/mL ethidium bromide in 1X
TAE buffer. Gel were photographed by Gel
Documentation system (Uvitec M02 4611)
(Demirel, 2016).
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After agarose gel blocks containing DNA
fragment were cut out and purified with Promega
Wizard® SV Gel and PCR Clean-Up System,
Cycle sequencing products were purified with
Dynabeads® Sequencing Clean-Up to remove
unincorporated dye-labeled nucleotides. Then,
all the sequencing reactions were performed
using CEQ™ DTCS Quick Start Kit (Beckman
Coulter) by CEQ 8000 Genetic Analysis System.

Data Analysis

The ITS sequences were blasted with
GenBank sequences (Altschul et al., 1990) to
verify their identity; the closest Blast results are
reported for each taxon (Table 1). The
alignments were performed using the Muscle in
MEGA 6.0 software package, together with the
other sequences of morphologically and
phylogenetically related species that were
obtained from NCBI GenBank (Tamura et al.,
2013). The aligned data sets were investigated
using ML analysis based on the Tamura—Nei
model (Tamura and Nei, 1993) as implemented
in the MEGA 6.0 with 1000 bootstrap
replications. All the positions containing gaps
and missing data were eliminated. Fusarium
oxysporum (KT794176) was used as the out
group. The obtained sequence data have been
deposited in GenBank with accession numbers.

Results and Discussion

The PCR products (570 bp) were obtained
from all of the species by using the universal
fungal primers (ITS1/ITS4), Figure 1 shows that
the sizes obtained for the full ITS region
amplified of all of the strains. The rDNA base
sequences belong to investigated strains are
presented in Table 1 together with closest Blast
results. When each of this sequences were
investigated by Blast, identity and coverage
values were found between 98-100% and 97-
100%, respectively (Table 1). The phylogenetic
trees were obtained by comparison to all
sequences with Genbank nucleotide sequence
database that have 1TS1-5.8S rRNA-ITS2
sequences (Figure 2). Figure 2 shows that the
members of genera Bionectria, Fusarium,
Gibberella and Nectria have almost identical
topology with respect to the ITS locus. A
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phylogenetic tree based on ITS region was
structured at higher divergence levels. For
investigated mainly closely related members,
identical positions and four sections for specific
clades such as Bionectria, Fusarium, Gibberella
and Nectria genera were found.

The genus Fusarium is the anamorph
stage of Gibberella genus (Samuels et al., 2001).
The members of these genera are known as
main and wide plant pathogens (Howard, 2002;
Stone et al., 2004; Dragich and Nelson, 2014;
Chehri, 2016). These two genera have been
distinguished with especially teleomorph
structures of Gibberella genus. The complexity
about the their morphologic and microscopic
identification has been related with varies
problems such as depending on the host, loosing
of stock cultures, limitations associated with
morphological characters (Summerell et al.,
2003; Hsuan et al., 2011; Antonissen et al.,
2014). The findings of this study demonstrated
the efficiency of ITS region and phylogenetic
analysis of belong to these two genera. Figure 2
shows that Fusarium and Gibberella genera
have considerably identical topology with the ITS
locus. The genus Gibberella occurred in two
main clades and two clear divergences, namely
Gibberella avenacea and Gibberella tricincta,
were noted. Furthermore, investigated members
of Fusarium and Gibberella genera are
polyphyletic.

The genus Nectria is a big genus with
about 650 members and many species of
Nectria genus are known as plant pathogens,
and some of them are toxigenic to animals and
humans (Schroers and Samuels, 1997). The
genus Bionectria is one of the other plant
pathogenic Hypocreanlean fungi and very
similar to Nectria member (Schroers, 2001;
Samaga et al., 2014; Melo et al., 2014). These
two genera have some differences about their
morphologic and chemical structure. However,
Bionectria and Nectra genera have very similar
morphologic and microscopic properties and
distinguish of them has been very problematic
for mycologist (Schroers and Samuels, 1997;
Schroers, 2001).
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F1 F2 F3 F4 F5

1000 bp

500 bp«

Figure 1. Full ITS PCR products amplified from all of the strains with ITS1/ITS4
primers. M, molecular-weight markers (50 bp GeneRuler DNA Lader,
Fermentas)

Phylogeny based on the ITS region in this study showed a successfully topology for these genera
and indicated main phylogenetic position of them as closely related but distinctly different members
(Figure 2).

Table 1. Newly generated ITS sequences with their closest GenBank sequences (according to Blast
searches)

Species Collection GenBank Closest Blast hit (%o
accession identity/%ocoverage)
number

Fusarium gglanj (Mart.) Sage. F1 KX958415 Fusarium sglanj KP992939

(99/100)

Gibberella wicincta El-Gholl, F2 KX958416 Fusarium tricinctum

McRitchie, Schoulf. & Ridings KUS556038 (98/97)

1978

Gibperella avenacea R.J. Cook F3 KX058417 Fusarium gyenaceum,

1967 KX839156 (99/99)

Bionectria ochroleuca, F4 KX0958418 Bionectria ochroleuca

(Schwein.) Schroers & Samuels AF358237 (99/100)

Negiria invenia Pethybr. F5 KX958419 Nectrig invenia KR709185

(100/100)
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Bionectria ochralfeuca (F 4)
YOO (| Biomectria ochrolenca AF338237
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21

100 | Necr riq irverna A F 324578

Fusarium sofomi EMZ31808
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09 Fusearium solarg EM231797

Fusarium tricincium ERO71697

(ribberella tricincta (F 2)
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Gibberella avenacea (F3)

Gibb

Gibberella avenacea U26738

erella avenacea AT533251

Fusarium oxysporum XT794176

0.02

Figure 2. Best-scoring maximum likelihood tree based on the Tamura—Nei model calculated using MEGA
6.0 based on ITS sequences showing the relationships of the newly generated sequences in this study
with previously known taxa in the NCBI GenBank. The scale bar denotes 0.02 substitutions per position.
The tree with the highest log likelihood (-1499.8212) is shown. Initial tree for the heuristic search were
obtained by applying the neighborjoining method to a matrix of pairwise distances estimated using the
maximum composite likelihood approach. The tree is drawn to scale, with branch lengths measured in the
number of substitutions per site. The analysis involved 15 nucleotide sequences. All positions with less
than 50% site coverage, containing gaps, or missing data were eliminated. There were a total of 374
positions in the final dataset. The tree is rooted with Fusarium oxysporum (KT794176) (bootstrap 1000).

Conclusions application, topology, identification and clearly
The results of this study demonstrated the discrimination. In addition, high quality
efficiency of rDNA region and phylogenetic sequences of the ITS locus obtained in the
analysis in taxonomic studies of closely related present study have been deposed in the NCBI
members of Hypocreanlean fungi. In particular, database for bridge over to other taxonomic
ITS region was found to be success because of studies of Hypocreanlean fungi.

its high performance with regard to easy
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Bitki Patojeni Funguslarda Viriilans Faktorleri
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Oz:Bu derlemede, bitki- fungus etkilesimini takiben hastalik gelisimi ve hastalik
gelisiminde rol oynayan fungal virulans faktérleri 6zetlenmistir. Tanimlanan fungus tiirlerinin
yaklasik %10'u 10,000' den fazla bitkide hastaliklara neden olmaktadir. Bu sekilde funguslar
bitkilerde ciddi anlamda ekonomik kayiplara neden olurlar. Bitki patojeni funguslar
enfeksiyon sekilleri, enfeksiyon yapisinin farklilagsmasi ve islevleri ve beslenme stratejileri
acisindan blyldk farkhhklar goéstermektedirler. Bitki, patojen fungus saldirilarina karsi
yasamini devam ettirebilmek adina bir tanima mekanizmasi ve zamaninda ve etkili bir
sekilde bir savunma cevabi olusturmaktadir. Bitki patojenik funguslarin virulansi, birlikte
calisan ve infeksiyonu ortak tarzda olusturan ¢ok sayida parametrenin sonucudur.

Anahtar Kelimeler: Bitki patojeni funguslar, virulans.

Virulence Factors in Plant Pathogen Fungi

Abstract:In this review, disease development following plant-fungus interaction and
fungal virulence factors that play a role in disease development and are summarized.
Approximately 10% of the identified fungus species cause diseases over 10,000 plants. In
this way fungi cause serious economic losses in plants. Plant pathogenic fungi show great
differences in terms of infection patterns, differentiation and function of infection structure
and nutrition strategies. The plant forms a recognition mechanism and a defense response in
a timely and effective manner in order to survive against pathogenic fungus attacks. The
virulence of plant pathogenic fungi is the result of numerous parameters that work together
and make the infection common.

Key words: Plant pathogenic fungi, virulence

Giris
1.Bitki patojenifunguslarin

esliginde gerceklesir
2011; Selin ve Kievit, 2016).

(Vadlapudi ve Naidu,

enfeksiyon stratejileri

Bitki paraziti funguslar adezyon, konak
tanima, penetrasyon, cogalma ve beslenme
dahil olmak Uzere patogenezin en &nemli
asamalarini basararak enfeksiyon yapilari
olustururlar. Bitki patojeni fungus olusturdugu
enfeksiyon yapilari ile bitki dokusuna mekanik
glc uygular. Enfeksiyon yapilarinin olusumu,
kompleks dizenleyici yol izleri tarafindan
kontrol edilen ve dizenlenen gen ifadesi
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Bitki patojeni funguslar farkli yasam
sekilleri ve konukgu bitkileriyle etkilesim yollari
geligtirmistir. Bazi patojenler bitkiye girigin
ardindan konukgu hicreyi enzimler, reaktif
oksijen turleri (ROS) ve/veya toksinlerinin
kombinasyonu ile dldirmektedir ve onlarin
organik bilesikleri izerinde yasarlar(Horbach ve
ark. 2011; Pawlowski ve Hartman, 2016;
Gebrie, 2016).
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Bunlar nekrotrofik patojenler olarak
bilinirler. Nekrotrofik patojenler genis konukgu
spektrumuna sahiptir ve hizli bir sekilde doku
hasarina neden olmaktadirlar. Biotrofik patojen
ise tersine, obligat parazittir ve toksin Gretmezler.
Biotroflar yalnizca yasayan konukgu hicrede
hayat déngllerini tamamlarlar.(Horbach ve ark.
2011; Pawlowski ve Hartman, 2016; Gebrie,
2016).

Biotrofik patojenlerde bitki hiicre duvarini
asarak konukgu hicreleri icerisine girmek igin,
6zel enfeksiyon yapilari olusturulmaktadir.
Ektoparazitik funguslarda, bitki kitikuli Gzerinde
primer ve apressorial ¢imlenme tupleri
olusturulur, appressorial germ tupu
apressoryum adi verilen enfeksiyon hicrelerine
donusir (Gebrie, 2106). Blumeria (=Erysiphe)
graminis f. sp. hordei DC. Merat Em. Marchal
(Bgh) arpalarda kulleme hastaligina neden olan
zorunlu biotrofik fungal patojende apressoryum
olusumunun ardindan apressoryum altindan bir
penetrasyon kancasi ¢ikar, konukgu kutikuliine
ve epidermal hicre duvarina penetre olmaya
calisir. Eger penetrasyon basarili olursa, kanca
uclari hostoryuma farklilagir. Hostoryum canli
bitki hicresi icerisinde besin eldesi igin
olusturulan 6zellesmis yapilardir (Pawlowski ve
Hartman, 2106).

Nekrotrofik funguslar ise fitotoksinler,
hiicre duvari degrede edici enzimler Ureterek
konukgu bitki dokusunu &ncelikle o&ldurdrler.
Nekrotrofide enfeksiyonkonidyum gimlendiginde
baslar; direkt olarak penetre olmak igin
infeksiyon hifi olusturur veya epidermise penetre
olmak icin penetrasyon ayaklarini olusturan
apresoryum gelisir (Zeilinger ve ark., 2016;
Horbach ve ark., 2011; Pawlowski ve ark., 2016;
Gebrie 2016). Apressoryum oksidaz, kitinaz,
lipaz gibi konukgu katikalinu ve yapiskan
tabakay! degrede etmek icin degrede edici
enzimler salgilar. Penetrasyon ayaklari
dallanarak ve hicre duvari degrede edici
enzimler Ureterek hicreleri 6ldirtr ve nekrotik
lezyonlarin olusumuna neden olarak ilerler.
Nekrotroflar genellikle kolonizasyonu
kolaylastirmak igin fitotoksinler Uretirler.
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Macrophomina phaseolina (Tassi) Goid.
tarafindan dretilen botryodiplodin ve
phaseolinone gibi genis konukgu spektrumuna
neden olan metabolitler veya Alternaria alternata
(Fr.) Keissl. tarafindan Uretilen domates spesifik
olan AAL toksin gibi konukgu spesifik toksinler
nekrotrofide rol oynar (Zeilinger ve ark., 2016;
Pawlowski ve ark., 2016; Gebrie 2016). Bununla
birlikte, bu yasam tarzlari ve beslenme
stratejilerinin kombinasyonlari da bulunmaktadir
ve patojenler ilk olarak gegici biyotrofik ardindan
nekrotrofik yagsam sekli gésterirler, bu patojenler
hemibiyotroflar olarak adlandirilirlar (Horbach ve
ark., 2011). Hemibiotrof tipte gelisim gdsteren,
soyada antraknoz etkeni olan Colletotrichum
truncatum(Schwein.) Andrus & W.D. Moore bitki
atiklarinda aseksuel Greme yapilari olan misel
ya da acervul olarak kalabilir. Acervulus
konidyofor ve bol miktarda konidyum Uretir.
Konidyumlar, siklikla yagmurlarla bitki dokular
Uzerine diser. Enfeksiyon, konidyumun bitki
dokusunda c¢imlenmesi ile baslar. Ardindan
melanize bir apressoryum olusur. Subkutikiler
tabakanin icinde, apressoryum, konukgu
tarafindan taninmayan, hiicre duvarlari boyunca
blylyen ve hicre-i¢i boslugun kolonizasyonu
icin bol miktarda dallanan primer enfeksiyon
hiflerini olusturur. Nekrotrofik evre patojenin
primer hiften sekonder hifi olusturmasinin
ardindan baglar. Sekonder hif kolaylikla
epidermal ve mezofil hlcrelere penetre olur.
Hucreler yikilir ve nekrotik lezyonlar olusur.
Enfeksiyondan 36 saat sonra acervulus gelisir.
Bu yapi kis boyunca bitki atiklari Uzerinde kalir
ve baharda doéngu tekrarlanir (Pawlowski ve
Hartman, 2016).

2.Konukgu-fungus etkilegimi

2.1.Gene karsi gen hipotezi (gene for

generesistance)

Bitki patojenleri saglikli konukgu bitki
savunma mekanizmalarini agsmak igin ¢ok fazla
mekanizma gelistirmiglerdir. Patojen
organizmanin sahip oldugu ve patojenitesinde
rol oynayan proteinleri kodlayan genler
avirulence geni (Avr geni) olarak tanimlanir.
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Avirulans genlerinin Grani proteinler
patojenite ile ilgili efektér molekullerdir. Bu
moleklller bitkide immuniteyi tetikleyen
molekullerdir (Van der Does ve ark., 2007;
Rouxel ve Balesdent 2010; Zeilinger ve ark.,
2010). Efektorler konukgu hicre yapisini ve
fonksiyonunu degistiren, enfeksiyonu
kolaylastiran (virulans faktorleri veya toksinler)
ve/veya savunma cevabini tetikleyen (avirulans
faktorleri: Avr) molekdiller olarak
tanimlanmaktadir. (Zeilinger ve ark., 2016; Selin
ve Kievit,2016).

Konak bitki ve patojen arasindaki
sinyallesmede ve tanigsmada gorevli
molekullerin tanimlanmasi ve karakterizasyonu,
son on yil boyunca arastirmalarin odagi
olmustur.Bitkinin hastaliga karsi savunma
mekanizmalarindan en 6nemlisi R
(resistant=dayaniklilik) genleridir. R genlerinin
arini olan PR proteinleri (Pathogen Related
Proteins) patojene karsi dayaniklihgi saglayan
yapisal proteinlerdir. PR proteinleri patojen
organizmanin bitkiye girmesi sirasinda
salgiladidi avirulan genlerinin Urtind olan sinyal
molekdllerini tanir ve bu sekilde uyarilir. Bu
mekanizmaya gene karsi gen hipotezi (gene for
gene resistance) denir. Avr geni tarafindan
sentezlenen efektdér molekiller, R geninin
Urinine baglanarak aktive eder. Aktif duruma
gecen R geninin Urini de savunma yanitini
baslatacak olan sinyallerin iletimini saglar. Bu
etkilesim sonucu enfekte olan hiicrenin
etrafindaki komsu hucrelerde hizh bir sekilde
apoptoz (programlanmis hiicre 6limu) gézlenir.
Bu sekilde patojenin konukgu bitkide yayilmasi
engellenir. Buna Hipersensitif Tepki (HR) adi
verilir (Van der Does ve ark., 2007; Zeilinger ve
ark., 2010; Sexton ve Howlett, 2006; Gonzalez-
Fernandez, 2010). Patojen ile etkilesime giren
konukgu hicre ne kadar hizhh 6lurse, bitki
enfeksiyona o kadar dayanikli olur (Van der
Does ve ark., 2007; Zeilinger ve ark., 2010;
Sextonve Howlett, 2006).

Bitki diren¢ genleri ve patojenin avirulan
genleri arasindaki etkilesim bitkide irk spesifik
direnci etkileyen sinyal transdiksiyon kaskadini
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baslatmaktadir. Domates-Cladosporium fulvum
Cooke patosistemi icindeki Cf9 ve avr9 genleri
en iyi bilinen érnektir. Bu patosistemde fungal irk
spesifik avr9 geni Grind direng geni olan Cf9
genini tasiyan domateste HR' yi
induklemektedir. Tersine bu genotipteki
domateste bulunan fungal irk avr9 genini
tasimiyor ise efektdrler Uretimemektedir.R
protein veya Avr proteinlerinin Uretilmedigi
kosullarda etkilesim olmadigi icin patojen bitki
tarafindan taninmaz ve patojen bitkide
yayllmaya baslar (Zeilinger ve ark., 2010).
2.2.Bitkilere Karsi Fungal Patojenin
Evrimi
Avirulens genleri ve R genlerindeki
mutasyon orani infeksiyonda rol almayan
genlere gore yuksektir (Van der Does ve ark.,
2007).Bu yiksek mutasyon oraninin nedeni
patojenin virulans faktérleri ve konukgunun
Uzerindeki patojen icin hedef olan bdlgeler
arasindaki silahlanma yarigsindan
kaynaklanmaktadir. Patojenin virulans
faktorlerinin etkisini nétralize etmekadina fungal
saldir i¢cin hedef olan konukgu proteinlerinde
degisiklikler olusmaktadir. Patojen ise bu
degisen hedef proteinlere saldiri yetenegini
devam edebilmek icin virulans faktérlerinde
degisiklige gitmek zorundadir. Sonug¢ olarak
patojenin virulans genleri ve bitkideki patojenicin
hedef bbélgelerde hizli bir sekilde
evrimlesmektedir (Van der Does ve ark., 2007) .
Konukgu bitki hastalik etmeninden
basarili bir sekilde korunduktan sonra (yani
potansiyel tanima hedeflerinin kaybi ile),
hastalik etmeni dogal seleksiyona tabi olur ve
hastalik yapabilmek i¢in yeni mekanizmalar
gelistirmeye calisir. Bu sirada hedefleri ile
baglantiyi kesmemek adina virulans ile ilgili olan
salgisal proteinlerde yliksek mutasyon gézlenir.
Ayni zamanda meydana gelen horizontal gen
transferi ile turler arasinda veya farkli vejetatif
olarak incompatible asekstel tirlerin klonlari
arasinda horizontal gen transferi ile bir veya
birkag gen aktarimi gerceklesir. Bu sekilde
fungus yeni virulans geni kazanabilir (Van der
Does ve ark., 2007).
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Evrimsel surecgte horizontal olarak alinmis
genler saptanabilir. Bu genlerin farkl GC oranlari
ve kodon egilimleri olur.Horizontal olarak
kazanilan genler replikasyon, transkripsyon ve
translasyon gibi temel molekdler islem genlerini
degil, metabolik ve virllens genleri kapsar
(Mehrabi ve ark., 2011).Bunun bitki patojenik
funguslar icerisinde en iyi 6rnegi Nectria
haematococca Berk. & Broome' nin (anamorfu
Fusarium solani) bezelyede hastalik yapmasi
icin gerekli olan PEP ve PDA genleri (patojenite
genleri) 1,6 Mb'lik CD (conditionally dispensable
chromosome) kromozomu {zerinde bulunmak-
tadir. Bakterilerdeki patojenite adalari gibi CD
kromozomu virulans ile ilgili genleri ve yiksek
oranda yer degistirebilen genetik elementler
(Transposable genetik elementler) icermektedir
ve genomun diger kisimlari ile karsilastirildi-
ginda farkli GC icerigine sahip oldugu
goérulmektedir. Farkli Nectria tarlerinden
horizontal gen transferi ile gelmistir. CD
kromozomu icermeyen birsusa virulans genlerini
iceren kisim aktarildiginda bezelyede
organizmanin virulansinin arttigi gézlenmistir
(Van der Does ve ark., 2007; Mehrabi ve ark.,
2011).

Yine diger bir énemli bitki patojeni tiur
Fusarium oxysporum f. sp. Lycopersici (Sacc.)
W.C. Snyder and H.N. Hans domates yanikligi
hastaligi etkenidir. Six1 proteini sistein
bakmindan zengin bir proteindir ve virulansa
katki saglamaktadir. SIX7 geni avirulans genidir
ve domatesteki /-3 diren¢ geni ile egslesmektedir
ve 2 Mb' lik en kuguk kromozom Uzerinde yer
almaktadir. SIX2 geni Uriinu infeksiyon sirasinda
salgilanmaktadir. Six1 ve Six2' ye ilave olarak
enfekte bitkinin ksilem 6zsuyunda 8' den fazla
fungal protein saptanmistir. Ve bu proteinleri
kodlayan genler ayni kromozom {zerinde
bulunmaktadir. Fusarium oxysporum E.F. Sm. &
Swingle genis konukgu araligina sahip olmasina
ragmen, bu tirln tek bir izolati bir ve birkag bitki
tirunl infekte edebilmektedir. Bu nedenle tirler
konukcu spesifikligine dayanarak formae
speciales olarak siniflandiriimistir. SIX1, SIX2
ve salisilat hidroksilaz kodlayan gen tim
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F.oxysporium f. sp. lycopersici izolatlarinda
bulunur, fakat diger formae speciales veya diger
patojenik olmayan tirlerde bulunmaz (Van der
Does ve ark., 2007; Mehrabi ve ark., 2011).

2.3.Konukgu-Patojen Etkilesiminde

Efektorlerin Rolii

Bitki patojenik funguslarda basarili bir
kolonizasyon ve infeksiyon, kendileri igin gerekli
besini temin etmek adina canli bitki
konukgusunu modifiye etme yetenegine baghdir.
Salgilanan virulans determinantlarina efektdrler
denilmektedir.Bitkilerde hastalik gelisiminde
patojenler tarafindan salgilanan enzimler,
toksinler, blylime regulatorleri gibi efektor
molekdiller direk veya indirek rol almaktadir. Bu
molekullerin patojenitedeki édnemi ise
hastaliklara gére degismektedir.

2.3.1. Bazi fungal efektor molekiiller

2.3.1.1.Sekonder metabolitler:
Sekonder metabolitler farkli mikroorganizmalar
(funguslar ve aktinobakteriler ve digerleri)
tarafindan Uretilen kiigik organik molekullerdir.
Nonribosomal peptid sentetaz ve poliketid
sentaz (PKS) veya dimetilallyl transferaz ve
preniltransferazlar gibi enzimlerin fonksiyonu ile
uretilirler. Bu 6zel metabolitler genelde biyume
icin gerekli degildir. Fakat belli kosullar altinda ve
belli habitatlarda Uretici organizma i¢in avantaj
saglamaktadir. Funguslarda, sekonder
metabolit Uretiminden sorumlu genler genellikle
kromozomlarin ucunda subtelomerik bdlgede
kiimeler olusturur (McDonagh ve ark. 2008;
Scharf ev ark., 2014).Subtelomerik DNA
sekanslarinin korunmus bir 6zelligi, aktif
transpozable elementlerden veya transpozon
kalintilarindan olugan tekrarlayan elementlerin
(RE) varhgidir. Ornegin penisilin sentezinden
sorumlu gen kimesi sadece (¢ gen icerir ve
kromozom VI'nin telomerinden yaklasik Kb
uzaklika bulunur (Palmer ve Keller 2010).

Ornegin Aspergillus fumigatus Fresen.' ta
sekonder metabolitelerin Uretiminden sorumlu
genlerin kromozomlarin subtelomerik
bdlgelerinde dagildigi gosterilmigtir.
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Melanin sekonder metabolitlere iyi bir
ornektir. Fenolik dncillerden oksidatif
polimerizasyon ile tirevienen yiksek molekuler
agirhkli koyu renkli pigmentlerdir. Funguslarda,
iki tip melanin bulunmaktadir. Dihidroksinaftalen
(DHN) melanin ve dihidroksi fenilalanin (DOPA)
melanin ve tdrevleri virulansa fayda
saglamaktadir. Melanin fonksiyonu ¢ok genistir.
Organizmayi ¢evresel streslere karsi korumada
rol oynamaktadir. Yine bir¢cok bitki ve insan
patojenik fungusta patojeniteye yardim
etmektedir (Scharf ve ark., 2014; Ludwig-Mdller,
2015; Ryder ve Talbot, 2015).

Bitki patojeni fungus Magnaporthe oryzae
6nemli piring patojenidir ve piring bitkisinin
yapraklarinin infeksiyonu igin bitki hicre
duvarina fungusun penetrasyonu
gerekmektedir. Bu proses igin gerekli olan
yiksek turgor basinci DHN iceren 6zellesmis
fungal yapi olan appresorium tarafindan
Uretilmektedir. Appressorium gliserol ve diger
biyouyumlu molekiller biriktirerek c¢ig
damlasindan su almayi basarir.Appressoriumun
hicre duvarinda bulunan melanin tabakasi
gliserol ve diger biyouyumlu molekiller gibi
ozmotik aktiviteye sahip maddelerin gegisine izin
vermez. Bunedenle appresoriumicindekiturgor
basing¢i artar ve olusan bu basing ile
penetrasyon civisi bitkinin fiziksel penetras-
yonunu gerceklestirir (Scharf ve ark., 2014;
Ludwig-Muller 2015; Ryder ve Talbot, 2015;
Goriely ve Tabor, 2006). Melanin kusurlu
Magnaporthe oryzae B.C. Couch mutantlari
pigmentsiz appresorium Uretir ve yaprak
katikaltnin epidermal hilicrelerine penetre
olamaz (Scharfve ark., 2014).

Sekonder metabolitlerden birisi de
sideroforlardir. Demir &karyotik organizmalar
icin kaginilmaz bir besindir. Demir sinirlamasi ile
bas edebilmek patojenite icin 6n kosuldur.
Demir cevrede okside formda bol miktarda
bulunmasina ragmen bitki ve hayvan
konukcusunda nisbeten daha az miktarda
bulunmaktadir. Fungal patojenler demir
baglamak icin sideroforlar tretmek seklinde
farkli stratejiler gelistirmislerdir. Sideroforlar
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kiicUk salgisal molekullerdir. Fungal patojenin
demir baglamasini saglar. Sideroforlar sekonder
metabolittir ¢iinkld sentezleri nonribozomal
peptid sentaz yol izi ile ilgilidir ve insanlarda bu
enzim olmadigi icin fungusun kontroll igin
kullanilan ilaglar icin ideal hedeflerdir. Bu
nedenle siderofor Uretimi virulans i¢in gereklidir.
M. oryzae' nin Urettigi tek hiicre ici siderofor
ferricrocin melaninde oldugu gibi bitki
infeksiyonu icin gerekli olan appresoriumda
turgor basinci olusumu ile ilgili olarak
patojeniteye yarar saglar (Scharfev ark., 2014).
Bitki patojeni funguslarin hastalan-
dirdiklar bitkilerde fitotoksin olarak adlandirilan
toksik maddeler Urettikleri bilinmektedir. Bu
toksik molekulerin de ¢odu sekonder metabolit
olup dusik molekul agirlikta kiigiik molekdllerdir
ve bundan dolay! enfeksiyon bdlgesinden ¢ok
daha uzak bélgelere yayilabilir ve tasinabilirler.
Fitotoksinler konukguya spesifik toksinler
(patojene hassas yalnizca bir bitkiyi etkiler) ve
konukguya spesifik olmayan toksinler (daha
genis bir konukgu dizinini etkiler) olarak
siniflandirilabilirler. Cochliobolus, Alternaria, ve
bazi Pyrenophora tirleri tarafindan dretilen
konukgu spesifik toksinler, Fusarium
verticillioides (Sacc.) Nirenberg' in fuminosin
mikotoksini, M. oryzae' nin pyrichalasin H ve
Ace1'iiyi bilinen toksik sekonder metabolitlerdir.
ACE1 geni hem poliketid sentaz hem de non-
ribozomal peptid sentaz domaini (PKS-NRPS)
ile sitoplazmik hibrit protein kodlar ve
penetrasyon sirasinda spesifik olarak eksprese
edilir. Ace1 piring direng geni Pi33 tarafindan
taninan hala bilinmeyen bir sekonder metabolit
kodlar. Patojene ait bazi kodlama yapmayan
kiigtk (small) RNA molekullerinin bitki bagisiklik
sistemini baskiladigi gézlenmistir. Botrytis
cinerea Pers. ' da bazi kug¢uk RNA' larin
Arabidopsis ve domates genleri Uzerinde
konukgu RNA interferans makinesini bertaraf
ederek konukgu bagisikligini baskiladigi
go6zlenmistir (Zeilinger ev ark., 2016).



MANTAR DERGISI/The Journal of Fungus

Ekim(2017)8(2)143-151

2.3.1.2.Enzimler: Bitki hiicre duvari
polisakkaritler, proteinler, aromatik
polimerlerden olusan heterojenik bir yapidir.
Hucre duvarinin yapisi ve kompozisyonu bitki
turleri arasinda degisiklik gdsterse de hepsi
pektin, hemisellloz, lignin ve yapisal
proteinlerden olusan bir matriks icinde gomulu
seliloz mikrofibriller icermektedir. Bunlarin
miktari farkli bitki gruplarinda farkhliklar
go6stermektedir. Bu nedenle fitopatojenik
funguslar bitki hiicre duvari bariyerini asmak igin
hiicre duvari degrede edici enzimler salgilarlar.
Bu enzimler o6zellikle 6zellesmis penetrasyon
yapisi olusturmayan fitopatojenik funguslar igin
onemlidir (Zeilinger ev ark., 2016; Zhao ve ark.,
2013).

Karbonhidrat aktif enzimler (CAZymes)
oligo ve polisakkaritler (selltiloz ve
hemisellilozda dahil olmak Uzere) olan
glikokonjugatlarin glikosidik baglarini hidrolitik
olarak pargalama yetenegindedir (Kubicek ve
ark., 2014). Patojen funguslar tarafindan tretilen
bu enzimler bitki hiicre duvarinin yikiminda
6nemli rol oymaktadirlar. Karbonhidrat aktif
enzimler temelde glikozit hidrolazlar (GHs),
glikosiltransferazlar (GTs), polisakkarit liyazlar
(PLs), karbonhidrat esterazlar (CEs) olarak 4
fonksiyonel gruba ayrilirlar. Bunlarin arasinda
karbonhidrat esterazlar, glikozit hidrolazlar,
polisakkarit liyazlar hiicre duvari degrede edici
enzimler (cell wall degrading enymes (CWDEs)
olarak bilinirler (Zhao ev ark., 2013).

Bitki hiicre duvari sellloz, hemiselllloz,
pektin ve lignin icermektedir. Dolayisi ile
funguslarin lignoselliloz-degrede edici enzim
sistemleri temel olarak; lignin degredasyonu igin
peroksidaz ve lakkazlar, seliloz degredasyonu
icin selulaz, hemiselliloz degredasyonu igin
hemisellilaz ve pektin degredasyonu igin
pektinaz gibi glikozit hidrolazlar icermektedir.
103 fungus ile yapilan genomik analizler bu
funguslarin karbonhidrat esteraz ve PL1 pektat
liyaz gibi cok sayida karbonhidrat aktif enzime
(CAZymes) sahip olduklarini géstermistir ve bu
enzimler hiicre duvari degrede edici enzimler
(cell wall degrading enymes (CWDEs) olarak
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bilinirler (Zeilinger ve ark., 2016; Zhao ve ark.,
2013). Saccharomyces ve
Schizosaccharomyces hari¢g ¢odu fungus ¢ok
sayida hicre duvari degrede edici enzimleri
kodlayan genlere sahiptir. Ve ¢ogdu bitki patojenik
funguslardir (Zhao ve ark., 2013). Bu funguslarin
saprofitik funguslar ile kiyaslandigi zaman 6li
lignosellulozik materyali daha etkili bir sekilde
parcaladigr gorulmektedir. Hemibiotrofik
Fusarium graminearum Schwabe ve M. oryzae
hicre duvari degrede edici enzimleri kodlayan
genlerin konukgunun infeksiyonu sirasinda
upregiile edildigi gézlenmektedir. Nekrotrofik
patojen B. cinerea' da virulans ve pektinaz ve
ksilanaz gibi enzimlerin Uretimi arasinda
korelasyon gorilmektedir. Fungal nekrotrof ve
hemibiotroflarin tersine beslenmesi igin canli
bitki dokularina ihtiya¢ hisseden ¢ogu
biotroflarin genomlarinda hiicre duvari degrede
edici enzim kodlayan gen bélgesi daha azdir. Ve
hatta glikozit hidrolaz ailesi 6 (GH6)
endoglukanaz ve sellobiohidrolaz aktivitesi
yoktur (Zhao ve ark., 2013).

Obligat bitki patojeni funguslar tarafindan
hastalik gelisimi konukguya basarili bir sekilde
penetrasyon gerektirmektedir. Bu sekilde
patojen gelisir. Bitki katikili bu patojenlerin
penetrasyonunda rol oynar. Kutikulin asil
kompananetleri kitin ve yapigkan tabakadir.
Kitin ve yapiskan tabakayi hidroliz eden fungal
esteraz ve kitinazlar hastalik gelisiminde 6nemli
role sahiptir (Feng ve ark., 2009).

Zhao ve ark.'nin 2013'de yaptiklari
calismada103 fungustan 83'Unde kitinaz
aktivitesi saptanmustir. iki nekrotrofik fungus
Gaeumannomyces graminis (Sacc.) Arx & D.L.
Olivier ve Verticillium albo-atrum
Reinke&Berhhold' da kutinaz aktivitesi
saptanmistir. Tim biotrofik funguslarda kuitinaz
saptanirken, simbiyotik funguslar olan Paxillus
involutus (Batsch) Fr. ve Paxillus rubicundulus
P.D. Orton' ta kiitinaz saptanmamistir (Zhao ve
ark., 2013). Fungus doku ile temas ettikten ve
dokuya girdikten sonra 6ncekinden 1000 kat
daha fazla kitinaz Gretmektedir.
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Fungusun c¢imlenme tipdnin bitki
dokusuna giris noktasinda ve penetrasyon
¢ivisinde enzim konsantrasyonunun en yuksek
seviyeye ulagsmas! bu enzimin penetrasyonda
rol oynadiginin énemli bir géstergesidir.Yapilan
calismalar Pyrenopeziza brassicae B. Sutton &
Rawl.' deki kitinaz geni PBC1 ve M. grisea' daki
CUT2' deki gen bozma calismalar kitinazin
konak penetrasyonunda rol oynayan ¢ok dnemli
bir virulans determinanti oldugunu
gostermektedir (Feng ve ark., 2009). B. graminis
f.sp. hordei ile epidermal hiicre penetrasyonu
hem enzimatik yumusama hem de mekanik gug¢
uygulamasi icermektedir. Cimlenmis ve
¢imlenmemis her iki sporda hidrolitik esteraz,
kutinaz ve lipaz enzimlerini salgilamaktadir.
Esterazlar spor adezyonu, primer germ tupi
olusumu ve penetrasyonda rol oynamaktadir
(Fengve ark., 2009).

Hicre duvarinin orta lamelinde yer alan
pektin;pektin liyaz, pektin esteraz ve
poligalaktorunaz enzimleri tarafindan pargalanir.
Fungal patojenlerde pektin degredasyonunda
poligalakturonazlarin kritik rol oynadigi
belirtilmektedir. Nekrotrofik Sclerotinia
sclerotiorum, Botryotinia fuckeliana (de Bary)
Whetzel poligalaturonazlari Grettigi bilinmektedir
ve pektin degredasyonunda yuksek kapasiteye
sahiplerdir (Zhao ve ark., 2013).

Pektin parcalayici enzimler dokularda
yumusak c¢lriklik olarak karakterize edilen
hastaliklarda rol oynamaktadirlar. Pektinin
parcalanmasi sonucunda dokuda erime,
yumusama ile bitki dokularindaki hiicrelerin tek
tek ayrilmasi ve &6lum gorular. Primer hicre
duvarinin pektolitik enzimler tarafindan
zayiflatilmasi sonucu hicrelerin 6ldagu
disintlmektedir. Bu enzimler enfekteli
dokulardaki patojenlere besin de tedarik eder.
Pektolitik enzimlerin vaskuler solgunluk
hastaliklarinda da roli vardir (Zhao ve ark.,
2013).

Bitki hlcrelerinin iskeleti durumunda olan
sellloz patojenin drettigi enzimlerle (beta-
glikosidaz, sellobiaz) pargalanarak glikoza
dondstarualar (Kubicek ve ark., 2014).

149

Lignoselluloz; seliloz, hemiselliloz ve ligninden
olusan siki bir komplekstir. Lignoselluloz
dgredasyonu heterojenik enzim grubunun
birlikte is goérdigu bir prosestir. Ornegin
selilozun degredasyonu endoglukanazlar,
sellobiohidrolazlar ve (-1, 4- glukosidazlarin
birlikte is gérmesi ile saglanir. GH1, GH3, GH5,
GH45 ve GH74 ailelerindeki sellilazlar, GHS3,
GH10, GH11 ve GH39 ailelerindeki ksilanazlar
gibi GH sinifi enzimler lignosellilozun
degredasyonunda gérev almaktadir. GH3 ailesi
enzimleri substrat spesifikligine gére [(3-D-
glukosidaz, a-Larabinofuranosidaz, B3-D-
ksilopiranosidaz, ve N-asetil-B-D-
glukozaminidaz olarak siniflandiriimaktadir. GH
ailelerinin en blyuklerinden birisi olan GH5 farkh
substratlar Gzerinde en genel form olan
ekzo/endo glukonazlar ve endomannazlar ile
faaliyet gbstermektedir. Ve arastirilan funguslar
arasinda en 6nemlisi ve en sik bulunani GH5
ailesidir ve lignosellilazin degredasyonunda
O6nemlirol oynamaktadir (Zhao ve ark., 2013).

2.3.1.3.Biliyiime regulatoérleri: Dogal olarak
bitki tarafindan Uretilen bitki gelisimini
duzenleyen maddelere biylime dizenleyicileri
denilmektedir. Bunlarin en énemlileri oksinler
(auxin), gibberellinler, sitokininler, etilen ve
absisik asittir. Buylme dizenleyicilerinin normal
konsantrasyonlarindaki ¢cok kiigtik degisikler bile
bitki gelisiminde farkhlik yaratir. Birgok bitki
patojeni organizma bu bilesikleri sentezleyerek
doku anormalliklerine, yaprak dékimuine neden
olur. Oksin bitki dokusunda bulunan
hormonlarin dengesinin degismesine, sonugta
doku anormalliklerine neden olur. Ustilago
maydis (DC.) Corda oksinleri iyi bilinmektedir.
Giberillin tohumda depolanan nisastanin
parcalanmasi, endospermdeki proteinlerin
parcalanmasi, tohum c¢imlenmesini tesvik
etmesi gibi rollere sahiptir. Gibberalla fujikuroi
(Sawada) Wollenw. tarafindan dretilen giberillin
celtik fidelerinin asiri uzamasi olarak bilinen
piring bakanae hastaligina neden olur (ludwig-
Miiller, 2015; Troncoso ve ark., 2010).
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Tartisma Lu ve ark. tarafindan, 85 fungal genusa ait

Bu derleme calismasinda bitki- fungus 228 adet susun icerdigi 2058 adet virulans
etkilesimi, sonucunda hastalik gelisimi sirasinda faktorini kodladig: bilinen genleri igceren
rol oynayan fungusa ait virulans faktorleri kapsamli bir ¢cevrimici veritabani
Uzerinde durulmustur. Patojenik funguslar, olusturulmustur. Arastiricilar bu sekilde herhangi
yaygin olan kolonizasyon mekanizmalarini bir fungal patojen icin varsayilan virulans
kullanarak bitkinin zarar goérdugu iliskiler faktorlerini tahmin etmek igin yeni bir algoritma
kurarlar. Bu sirada fungus, kolonizasyonu geligtirmeyi amaclamiglardir. Bu veri tabaninin
kolaylastiran ve patojenik iligkilere katkida fungal patojenlerle ile ilgili galismalar tesvik
bulunan kicUk peptit efektorler, enzimler ve edecek ve kolaylastiracak énemli bir platform
sekonder metabolitler gibi biyoaktif molekulleri olusturdugu vurgulanmaktadir. Enfeksiyon ve
salgilar.Son yillarda molekiler biyolojide kolonizasyon stureclerinin tim asamalarina eslik
meydana gelen gelismeler, patojen funguslarin eden ve kontrol eden olaylarin bilinmesi bitki
ve konukgu bitkilerin etkilesiminde yer alan patojeni funguslarin kontrol edilmesi
genlerin tanimlanmasina ve ayrintili fonksiyonel calismalarinda 6nem arz etmektedir.

analizine izin vermistir.
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Abstract:In this study it has firstly reported the using of immobilized fungal mycelia in
fungal co-culture studies to enhance activity of lignin-modifying enzymes. For this purpose,
the mycelia of Pleurotus ostreatus OBCC 6043 and Lentinus tigrinus OBCC 3007 were
immobilized on nylon scouring pad as carrier material. The immobilized mycelia of the fungi
were compared in terms of their laccase and manganese peroxidase activities in mono- and
co-culture conditions. The maximum laccase activities of pure Pleurotus ostreatus OBCC
6043 and Lentinus tigrinus OBCC 3007 cultures were determined as 53.73 and 27.58 UI/L,
respectively, while the maximum manganese peroxidase activities were 12.54 and 52.02
U/L. In co-culture conditions, distinct enhancement was observed in laccase and
manganese peroxidase activities as 319.28 and 554.33 U/L, respectively. In the case of
laccase, enzyme activity was 5.94 and 11.58 times higher than that of Pleurotus ostreatus
OBCC 6043 and Lentinus tigrinus OBCC 3007 mono-cultures, respectively. On the other
hand, manganese peroxidase activity could be improved distinctly, 44.21 and 10.66 fold
higher values than the corresponding ones. The results of the present co-culture study are
significantly higher than most of the reported results in the literature, not only for laccase but
also for manganese peroxidase activity.

Key words: Immobilization, Laccase, Lentinus tigrinus, Manganese peroxidase,
Pleurotus ostreatus.

Immobilize Pleurotus ostreatus ve Lentinus tigrinus Misellerinin
Birlikte Kiiltiirii ile Lakkaz ve Mangan Peroksidaz Enzim
Aktivitelerinin Arttiriimasi

0Oz:Bu calismada lignin modifiye edici enzimlerin fazla miktarda tretilmesi icin
immobilize fungus misellerinin birlikte kiltir edilmesi ilk kez olarak rapor edilmistir. Bu
amagla Pleurotus ostreatus OBCC 6043 ve Lentinus tigrinus OBCC 3007 miselleri tasiyici
olarak kullanilan nylon temizlik siingeri Uzerine immobilize edilmistir. Funguslarin immobilize
miselleri ayri ayr ve birlikte kiltir edilmeleri durumundaki lakkaz ve mangan peroksidaz
aktiviteleri karsilastinimistir.Saf Pleurotus ostreatus OBCC 6043 ve Lentinus tigrinus OBCC
3007 kiilttrlerinin maksimum lakkaz aktiviteleri, sirasiile, 53.73 ve 27.58 U/L iken maksimum
mangan peroksidaz aktiviteleri 12.54 ve 52.02 U/L olarak belirlenmistir.

*Corresponding Author: myamac@gmail.com;myamac@ogu.edu.tr
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Kokdiltir kosullarinda lakkaz ve mangan peroksidaz aktiviteleri belirgin bir artis ile 319.28 ve 554.33 U/L
seviyesine yukselmistir. Pleurotus ostreatus OBCC 6043 ve Lentinus tigrinus OBCC 3007 birlikte
Uretildiklerinde lakkaz aktivitesi ayri ayr kiltir edilmelerine goére, sirasi ile, 5.94 ve 11.58 kat fazla
bulunmustur. Dider taraftan mangan peroksidaz aktivitesi ayni sira ile 44.21 ve 10.66 kat gibi belirgin
bicimde arttirilabilmistir. Sunulan birlikte kultir ¢alismasinin sonuglari, hem lakkaz hem de mangan
peroksidaz igin literatiirde sunulan degerlerin goguna gére 6nemli derecede yuksektir.

Anahtar kelimeler: immobilizasyon, Lakkaz, Lentinus tigrinus, Mangan peroksidaz, Pleurotus

ostreatus.

1.Introduction

Saprophytic and/or parasitic fungi
especially white rot fungi (WRF) possess some
special extracellular enzymes to colonize on
dead plant biomass and or alive plant trunk.
They are the most efficient colonizer and
degrader of the lignocelluloses which is the most
abundant biomass form on earth (Dwivedi et al.,
2011). Although lignin is a highly recalcitrant
polymer, it can be degraded by WRF by their
non-specific lignin-modifying enzymes (LMEs)
such as lignin peroxidase (LiP, EC 1.11.1.14)
manganese peroxidase (MnP, EC 1.11.1.13),
laccase (Lac, EC 1.10.3.2) and versatile
peroxidase (VP, EC 1.11.1.16). In addition, H,0,
generating enzymes (aryl alcohol oxidase,
glyoxal oxidase and pyranose-2 oxidase) are
considered to be involved in degradation of
lignin by WRF (Qi-he etal., 2011).

Xenobiotics refer to compounds that are
released into the environment by the action of
man and occur in concentrations higher than the
natural ones (ljoma and Tekere, 2017). As a
result of their complex structure, most of the
xenobiotics are also recalcitrant such as
polycyclic aromatic hydrocarbons (PAHSs),
polychlorinated biphenyls (PCBs), oil
derivatives, pesticides, herbicides, explosives
and dyes. Many of xenobiotics have similar
structure to lignin. Therefore, WRF are the most
efficient degraders of recalcitrant xenobiotics
(Kuhar et al., 2015), and can offer an
environmental friendly alternative to
reduce/solve to the serious environmental
pollution. In addition, LMEs from WRF has
several industrial applications such as food,
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brewery and wine processing, wastewater
treatment, pulp delignification, biosensor
production, the manufacture of anticancer
drugs, etc. (Sun and Cheng, 2002; Baldrian,
2006; Rodriguez-Couto and Herrera, 2006;
Kunamneni et al., 2008).

Because of their industrial and
environmental importance, improving of LMEs
production is the focus of many researchers.
Optimization of fermentation medium and
conditions such as carbon and nitrogen source,
pH, oxygen, inducer is the most known and used
method to improve LMEs yield (Elisashvili et al.,
2008; Flores et al., 2010; Hailei et al., 2013;
Jegatheesan et al., 2015; Kuhar et al., 2015).
For overproduction of LMEs, several strategies
have also been considered including screening
of new microorganisms (Okino et al., 2000;
Kiiskinen et al., 2004; Machado et al., 2005),
using different reactor types (Rivela et al., 2000;
Rodriguez-Couto, 2011), oxidative stress by
chemicals (Jaszek et al., 2006) or heat-shock
(Fink-Boots et al., 1999), and molecular
methods such as gene cloning (Kiiskinen and
Saloheimo, 2004; Agnieszka et al., 2005;
Theerachat et al., 2012; Markova et al., 2016)
and UV mutagenesis (D'Souza et al., 2006).
Most of these methods are excessively time-,
energy- and/or money-consuming. Therefore,
more economic, reliable, faster and safer LMEs
production method(s) is demanded.

Inoculation or co-culture of another
microorganism with a LME producer strain can
be a feasible alternative to other methods when
their limitations are taken into account.
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In the past few decades, some reports
have been released regarding co-culture of
some LMEs producer fungi such as Pleurotus
spp.- (Vinogradova and Kushnir, 2003; Chi et al.,
2007; Dwivedi et al., 2011; Qi-he et al., 2011;
Wang et al 2015; Singh et al., 2017), Trametes
spp. (Hailei et al., 2009; Hiscox et al., 2010;
Cupul et al., 2014; Kuhar et al., 2015),
Ganoderma spp. (Hailei et al., 2013; Kuhar et al.,
2015), Phanerochaete chrysosporium (Chi et al.,
2007; Hu et al., 2011), Phlebia radiata (Qi-he et
al., 2011; Dong et al., 2012), Dichomitus
squalens (Qi-he et al., 2011; Dong et al., 2012),
Schizophyllum commune (Vinogradova and
Kushnir, 2003), Bjerkandera adusta (Qi-he et al.,
2011), Hypoxylon fragiforme (Qi-he et al., 2011),
Ceriporiopsis subvermispora (Dong et al., 2012)
and so on. However, up to date, there is not a
published study for co-culture of immobilized
fungal mycelia to improve LMEs activity. This is
the first study that reports the use of immobilized
fungal mycelia in co-culture for increasing of
laccase and manganese peroxidase activity.

2.Materials and Methods

2.1.Chemicals

Enzyme substrates, DMP (2,6-
dimethoxyphenol) and ABTS [2,20-azinobis-(3-
ethylbenzthiazoline-6-sulphonate)], and all
chemicals used in buffers were obtained from
Sigma-Aldrich.

2.2.Fungal Strains

The Pleurotus ostreatus strain was kindly
donated by Miha Humar (Slovenia) and was
coded as OBCC 6043. The strain of Lentinus
tigrinus OBCC 3007 was obtained from
Basidiomycetes Culture Collection in Eskisehir
Osmangazi University. It was given a GenBank
accession number (MF616404) for the
nucleotide sequence of the Lentinus tigrinus
OBCC 3007. The fungal cultures were stored on
Potato Dextrose Agar (PDA) medium and stored
4 °C. Before the use, the maintained fungi were
activated by incubate on fresh PDA medium 7
days at 28 °C.

154

2.3.Mycelium Immobilization

Five mycelia discs (6 mm diameter) taken
from the actively growing margin side of the
fungal colony were inoculated to 100 ml Potato
Malt Pepton (PMP) medium. After incubation at
28 °C, 100 rpm, 4 days, mycelium was harvested
with filtration. Then, total volume was adjusted to
100 ml with sterile distilled water (SDW) and the
mycelium was homogenized (Heidolph, Silent
Crusher M). Obtained homogenized mycelium
suspension was used as inocula 4% for
immobilization trials.

Nylon scouring pad (Scotch-Bride) was
used as carrier material in immobilization studies
(Ibrahim et al. 2014). To prepare it was cut into
1.0 cm’ cubes, washed twice with methanol,
boiled for 10 min, washed twice with SDW, and
dried overnight. To perform immobilization, 100
ml fresh PMP medium including appropriate
number of scouring pad was inoculated with
homogenized mycelium suspension 4%. After
incubation of the flasks at 28 °C, 7 days,
mycelium immobilized scouring pad discs were
collected, washed twice with SDW, and used for
inoculation of LMEs production medium for
mono- and co-culture studies (Fig 1).

2.4.Culture Conditions

To determine LMEs production capacity of
the strains, synthetic fermentation medium
(Elisashvili et al., 2008) ) was modified in all
mono- and co-culture studies with the following
composition: Glucose 10 g, wheat bran 1 g,
KH,PO, 1 g, MgSO,.7H,0 0.5 g, NH,NO, 0.5 g,
yeast extract 1 g, 1.0% trace element solution
included CacCl,. 2H,0 6 g/L, CuSO, . 7H,0 0.5
g/L, FeSO,. 7H,0 0.5 g/L, MnSO, . H,0 0.5 g/L,
and ZnSO,.7H,00.1g/L.

A 500 ml medium was inoculated with 20
mycelium immobilized disc in monoculture
studies, while in the case of co-culture 10
mycelium immobilized disc from each species
were transferred into 500 ml medium to maintain
a total inoculum amount. All of the experimental
group flasks were incubated under 100 rpm
shaking speed and at 28 °C for a total period of
20 days.
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Figure 1. Immobilized fungal mycelia on nylon scouring pad. a. Control, b.
Lentinus tigrinus OBCC 3007, c. Pleurotus ostreatus OBCC 6043

During cultivation, 10 ml samples were taken
from the cultures at various times and analysed
for their enzymes (laccase and manganese
peroxidase) activities, reducing sugar and
nitrogen contents of the medium.

2.5. Analytical Methods

Laccase activity was determined as
previously reported by Niku-Paavola et al.,
(1990). Briefly, the increase in A420 due to
oxidation of ABTS 0.1 mM (molar extinction
coefficient 36000 M" cm™) in 100 mM sodium
acetate buffer (pH: 4.5) was assayed. MnP
activity was also determined in presence of DMP
as substrate (molar extinction coefficient 27500
M' cm™) and in the condition of A 469, 250 mM
sodium tartrate buffer (pH: 4.5) (Urek and
Pazarlioglu, 2003). One unit of Lac or MnP
activity (U) was defined as the amount of enzyme
catalysing oxidation of 1 uymol of the
corresponding substrate per minute.

The reducing sugar amount in the
sampled culture fluids was assayed with the 3,5-
dinitrosalicyclic acid (DNS) method (Miller,
1959). The residual nitrogen amount of the
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medium was determined with Berthelot method
(Searle, 1984)

3. Results and Discussion

It is known that there is no pure culture in
any part of natural ecosystems. It means that
there is a crucial interaction between not only
fungal species but also all different
microorganism groups, which are living in same
habitats.

Bioconversion of lignocellulosic
biomass into its components has a major
importance for recycling of the carbon fixed by
photosynthesis. Most of the natural degradation
processes occur by the combination of enzyme
mixtures and metabolic pathways of several
microorganisms (Hu et al., 2011; Dong et al.,
2012). Therefore, co-culture of different
microorganism culture may result in production
of the preferred enzymes more efficiently than
their monocultures (Hu et al., 2011). By far,
several reports have been released to fungal co-
culturing to increase production of the enzymes
involving in lignocellulose degradation.
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Although there are several reports for cellulase
(Vinogradova and Kushnir, 2003; Hu et al., 2011;
Singh et al.; 2017), xylanase (Dwivedi et al.,
2011; Hu et al., 2011; Singh et al.; 2017) and LiP
(Qi-he et al., 2011; Dong et al., 2012), majority of
the attempts to increase laccase (Hailei et al.,
2009, 2013; Flores et al., 2010; Hiscox et al.,
2010; Hu et al., 2011; Qi-he et al., 2011; Dwivedi
etal., 2011; Dong et al., 2012; Cupul et al., 2014;
Kuharetal.,2015; Wang etal.,2015; Singh et al;
2017). On the other hand, Cupul et al., (2014)
reported that induction of MnP production in co-
culture conditions has been paid relatively little
attention.

In the presented study, immobilized P.
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were compared for their time dependent LMEs
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the maximum laccase and MnP activities were
determined as 53.73 and 12.54 U/L on the days
20 and 17 of incubation, respectively (Fig 2). On
the other hand the activities of the same
enzymes by L. tigrinus were presented as 27.58
and 52.02 U/L on the 9" day (Fig 3). As it can be
seen from figures 2 and 3, the time for maximal
Lac and MnP activity by L. tigrinus was at least 8
days shorter and MnP activity was 4.15 times
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activity.
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Figure 2. Time course lignin-modifying enzyme activity of Pleurotus ostreatus mono-culture
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Overall, it is clearly seen that the use of co-
cultures appears to be more successful for
enzyme activity values (Fig. 4). Distinct
enhancement was observed in the level of both
enzymes under co-cultivation condition. The lac
activity of co-culture (319.28 U/L) was 5.94 and
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11.58 times higher than that of P. ostreatusand L.
tigrinus, respectively. In the case of MnP, the
mixed culture (554.33 U/L) was presented 44.21
and 10.66 times higher values than the
corresponding ones.
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Figure 4. Time course lignin-modifying enzyme activity of Pleurotus ostreatus and Lentinus tigrinus co-

culture

It is important to note that Lac and MnP
activities of the co-culture were 3.93 and 8.59
fold higher than total Lac and MnP activities of
both of the fungi. A possible explanation for these
impressive enzyme activities in co-culture
conditions is synergistic interaction for the
studied fungi.

Dwivedi et al. (2011) informed that the
interactions between fungi might be
antagonistic, parasitic or synergistic during co-
culture of the fungi. Antagonistic and synergistic
interactions could have beneficial effets on the
LMEs production as it triggers a switch to
secondary metabolism (Baldrian, 2004; Chi et
al., 2007; Hiscox et al., 2010). But this effect is
species specific (ljoma and Tekere, 2017) and
strain compatibility has been reported as the
most determining factor for successful co-
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culturing (Singh et al., 2017). In view of these
reports, it can be argued that the used P.
ostreatus and L. tigrinus strains were found to be
compatible for their co-culture for LMEs activity.
Singh et al., (2017) reported that if the studied
strains are compatible, there is a probability for
synergy between metabolic pathway of involved
strain. Although some reports has highlighted to
the failed stimulation for LMEs activity (Koroleva
et al., 2002; Elisashvili and Kachlishvili, 2009),
LMEs activity could be enhanced by most of the
fungal co-culture studies (Table 1).

As it can be seen from Table 1, the results
of the present co-culture study are distinctly
higher than most of the reported ones for not only
laccase but also MnP activity. It is worth
mentioning that increasing ratio of MnP is unige
according to level of the P. ostreatus.
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Table 1. Co-culture studies for lignin modifying enzyme production

Organisms Enzyme Enzyme activity” Culture Reference
Mono-culture Co-culture Fold **
Aspergillus niger - Phanerochaete chrysosporium 1.30-0.20° 3.10° 2.38-155 | SmF Hu ot al.. 2011
Aspergillus oryzae - Phanerochaete chrysosporium 1.80-0.20° 3.60° 2.00 - 18.00 SmF _
Ceriporiopsis subvermispora - Pleurotus ostreatus 0.70 - 1.50 P*** 2.20 P*** 3.14 - 147 SmF | Chietal., 2007
Phlebia radiata, - Ceriporiopsis subvermispora 20.00 - @ °*** 95.00 P *** 475-0 SmF | Dong et al., 2012
Phlebia radiata - Dichomitus squalens 80.00 - 30.00 ©*** 120.00 © 1.50-4.00 SmF | Qi-he et al., 2011
Pleurotus ferulae - Rhodotorula mucilaginosa 374-@° 10.58° 283-0 SmF | Wang et al., 2015
Pleurotus ostreatus - Lentinus tigrinus 53.73- 27.58 ¢ 319.28 ¢ 5.94 - 11.58 SmF | This study
13.02-@° 20.83° 1.60 - @ SmF
Pleurotus ostreatus - Penicillium oxalicum 13.02-@° 15.00 ° 115-0 SF Dwivedi et al., 2011
13.02-@° 43.70° 3.36-0 SSF
Plourofus osireatus - Trohoderma viridae Laccase 20.80-@° 55.00 ° 264-0 SmF | Flores et al., 2010
2.00-@° 10.00 ® 5.00-9 SSF | Singh et al., 2017
Trametes maxima - Paecilomyces carneus 4881.07-@° 12382.50°° 254-0 SmF | Cupul et al., 2014
Trametes versicolor - Ganoderma lucidum 0.86-2.24° 7.93° 9.22-3.54 SSF Kuhar et al., 2015
Trametes versicolor - Bjerkandera adusta 216.00-@' 871.6" 4.04-0 Agar | Hiscox et al., 2010
Trametes versicolor - Daldinia concentrica 216.00-Q " 877.80" 4.06-Q Agar | Hiscox et al., 2010
Trametes versicolor - Fomes fomentarius 216.00- @' 14180 -1.52 Agar | Hiscox et al., 2010
Trametes versicolor - Hypholoma fasciculare 216.00-314" 41710 1.93-13.28 Agar | Hiscox et al., 2010
Trametes versicolor - Stereum gausapatum 216.00 - 27.30" 3218.90" 14.90 - Agar | Hiscox et al., 2010
117.90
Trametes versicolor - a yeast strain 0.89-9@° 10.50 ° 11.80 - @ SmF | Hailei et al., 2009

*a: U/g, b: U/ mL, c: u/mg protein, d: U/L, e: nkat/L, f: mU / g wet weight
** SSF: Solid state fermentation, SmF: Submerged fermentation
*** These data were extracted from the graphics in the references.
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Table 1. Continued

Enzyme activity*

Organisms Enzyme Vono-ciliure Corcuiture ol Culture** | Reference
Ceriporiopsis subvermispora - Pleurotus ostreatus 100.00 - 20.00 °© 140.00 ©*** 1.40-7.00 SmF Chi et al., 2007
Physisporinus rivulosus - Pleurotus ostreatus 35.00 - 20.00 **** | 250.00 **** | 7.14-12.50 SmF Chi et al., 2007
Phlebia radiata - Dichomitus squalens 25.00 - 18.00 °*** | 55.00 °*** 2.20 - 3.06 SmF Dong et al., 2012
Pleurotus ostreatus - Lentinus tigrinus 12.54 - 52.02 ¢ 554.33 ¢ 44.21 - 10.66 SmF This study
Pleurotus ostreatus - Phlebia radiata 350.00 - 100.00 ° | 800.00 ®*** 2.28 - 8.00 SmF Qi-he et al., 2011
Trametes maxima - Paecilomyces carneus 291.80-9@° 564.12° 1.93-9 SmF Cupul et al.,, 2014
Trametes versicolor - Stereum gausapatum MnP @-270" 33.60" J-12.44 Agar Hiscox et al.,
Medium | 2010
Trametes versicolor - Daldinia concentrica -0 10.40" 10.40 Agar | Hiscox et al.,
Medium | 2010
Trametes versicolor - Bjerkandera adusta @-390" 11.00 @-282 Agar | Hiscox et al.,
Medium | 2010
Trametes versicolor - Fomes fomentarius -0 590" 5.90 Agar | Hiscox et al.,
Medium | 2010
Trametes versicolor - Hypholoma fasciculare @-890" 8.70" -1.02 Agar Hiscox et al.,
Medium | 2010
Pleurotus ostreatus - Phlebia radiata LiP 160.00-Q ¢ 60.00 ©*** -2.66 SmF Qi-he et al., 2011
Aspergillus flavus - Trichoderma viridae Cellulase 8.20-6.70° 11.00 ® 1.34-1.64 SSF Singh et al., 2017
72.00 - 80.00 ° 180.00 ® 2.50-2.25 SSF Singh et al., 2017
16.00 - 714.13° 1201.84° 75.12-1.68 SmF Dwivedi et al.,
2011
Plourotus ostroatus - Penidillium oxalicum Xylanase | 16.00-714.13° 976.55° | 61.03-1.37 SF w%_“aa_ etal.,
16.00 - 714.13° 1301.51° 81.34-1.82 SSF Dwivedi et al.,
201
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Possible reasons of the increase in of the factors during fermentation. Besides it is a non-
fungal enzyme activities in co-culture conditions toxic, economic, easy, fast and reusable
were reported as competition for space and alternative to obtain the best performance of the
nutrients (Asiegbu et al., 1996; Qi-he et al., fungus. In this study, nylon scouring pad was
2011), synergistic interactions (Bader et al., preferred as carrier since this carrier provides
2010; Dong et al.,, 2012), glucose starvation novel living space for the fungal mycelium to
(Hailei et al., 2009), oxidative stress (Jaszek et grow and produce enzyme (lbrahim etal. 2014).
al., 2006; Chi et al., 2007) and supplementation As a consequence, it could be concluded
of other carbon source and inducers (Hailei et al., that co-culturing of these two compatible
2009; Li et al., 2011). Depending of the results of mushroom species may have potential for cost
this study, we have suggested a synergistic effective enzyme production, co-production of
interaction between the studied L. tigrinus and P. their basidiomata production and/or basidiomata
ostreatus strains. The laccase and MnP enzyme production of one of these species on spent
production level of the studied mushroom compost of the other one. Our further
species are promising for not only enzyme but investigations will be focused on the scaling-up
also basidiomata production of these edible of the enzyme production process and
mushroom species. determination of the co-culture conditions for

Immobilization of the fungal mycelium basidiomata production of L. tigrinus and P.
appears to be an attractive approach to protect ostreatus strains.

the mycelium from the environmental stress

References

Agnieszka K., Christian G., Marcel A., André F., Marius R., Thierry T,. LAC3, a new low redox potential
laccase from Trametes sp. strain C30 obtained as a recombinant protein in yeast, Enzyme Microb.
Technol., 36, 34-41, (2005).

Asiegbu F.O., Paterson A., Smith, J.E., The effects of co-fungal cultures and supplementation with
carbohydrate adjuncts on lignin biodegradation and substrate digestibility, World J. Microbiol.
Biotechnol., 12,273-279, (1996).

Bader J., Mast-Gerlach E., Popovi¢ M.K., Bajpai R., Stahl U., Relevance of microbial coculture
fermentations in biotechnology, J. Appl. Microbiol., 109(2), 371-387, (2010).

Baldrian P., Increase of laccase activity during interspecific interactions of white-rot fungi, FEMS Microbiol.
Ecol., 50, 245-253, (2004).

Baldrian, P., Fungal laccases — occurrence and properties, FEMS Microbiol. Rev., 30, 215-242, (2006).

Chi Y., Hatakka A., Maijala P., Can co-culturing of two white-rot fungi increase lignin degradation and the
production of lignin-degrading enzymes? Int. Biodeter. Biodeg., 59, 32—-39, (2007).

Cupul W.C., Abarca G.H., Carrera D.M., Vazquez R.R., Enhancement of ligninolytic enzyme activities in a
Trametes maxima—Paecilomyces carneus co-culture: Key factors revealed after screening using a
Plackett—Burman experimental design, Electr. J. Biotechnol., 17, 114-121, (2014).

Dong Y.C.,WangW.,Hu Z.C., FuM.L., Chen Q.H., The synergistic effect on production of lignin-modifying
enzymes through submerged co-cultivation of Phlebia radiata, Dichomitus squalens and
Ceriporiopsis subvermispora using agricultural residues, Bioprocess Biosyst. Eng., 35, 751-760,
(2012).

D'Souza D.T., Tiwari R., Sah A.K., Raghukumar C., Enhanced production of laccase by a marine fungus
during treatment of colored effluents and synthesis dyes, Enzyme Microb. Technol., 38, 504—-511,
(2006).

160



MANTAR DERGISI/The Journal of Fungus Ekim(2017)8(2)152-162

Dwivedi P., Vivekanand V., Pareek N., Sharma A., Singh R.P., Co-cultivation of mutant Penicillium
oxalicum SAUE-3.510 and Pleurotus ostreatus for simultaneous biosynthesis of xylanase and
laccase under solid-state fermentation, New Biotechnol., 28 (6), 616-626, (2011).

Elisashvili V., Kachlishvili E., Physiological regulation of laccase and manganese peroxidase production
by white-rot Basidiomycetes, J. Biotechnol., 144, 37-42, (2009).

Elisashvili V., Kachlishvili E., Penninckx M., Effect of growth substrate, method of fermentation, and
nitrogen source on lignocellulose-degrading enzymes production by white-rot basidiomycetes, J.
Ind. Microbiol. Biotechnol., 35, 1531-1538, (2008).

Fink-Boots M., Malarczyk E., Leonowicz A., Increased enzymatic activities and levels of superoxide anion
and phenolic compounds in cultures of basidiomycetes after temperature stress, Acta Biotechnol.,
19,319-330, (1999).

Flores C., Casasanero R., Trejo-Hernandez M.R., Galindo E, Serrano-Carreo L., Production of laccases
by Pleurotus ostreatus in submerged fermentation in co-culture with Trichoderma viride, J. Appl.
Microbiol., 108, 810-817, (2010).

Hailei W., Guangli Y., Ping L., Yanchang G., Jun L., Guosheng L., Jianming Y., Overproduction of
Trametes versicolor laccase by making glucose starvation using yeast, Enzyme Microbial Technol.,
45,146-149, (2009).

Hailei W., Chaozhi T., Guangli Y., Ping L., A novel membrane-surface liquid co-culture to improve the
production of laccase from Ganoderma lucidum, Biochem. Eng. J., 80, 27— 36, (2013).

Hiscox J., Baldrian P., Rogers H.J., Boddy L., Changes in oxidative enzyme activity during interspecific
mycelial interactions involving the white-rot fungus Trametes versicolor, Fungal Gen. Biol., 47,
562-571, (2010).

Hu H.L., van den Brink J., Gruben B.S., Wésten H.A.B., Gu J.D., de Vries R.P., Improved enzyme
production by co-cultivation of Aspergillus niger and Aspergillus oryzae and with other fungi, Int.
Biodeter. Biodeg., 65, 248-252, (2011).

Ibrahim D., , Weloosamy H., Sheh-Hong L., Potential use of nylon scouring pad cubes attachment method
for pectinase production by Aspergillus niger HFD5A-1, Process Biochemistry, 49, 660-667,
(2014),

ljioma G.N., Tekere M., Potential microbial applications of co-cultures involving ligninolytic fungi in the
bioremediation of recalcitrant xenobiotic compounds, Int. J. Environ. Sci. Technol., 14(8),
1787-1806, (2017).

Jaszek M., Grzywnowicz K., Malarczyk E., Leonowicz A., Enhanced extracellular laccase activity as a part
of the response system of white rot fungi Trametes versicolor and Abortiporus biennis to paraquat-
caused oxidative stress conditions, Pestic. Biochem. Physiol. 85, 147-154, (2006).

Jegatheesan M., Eyini M., Response Surface Methodology Mediated Modulation of Laccase Production
by Polyporus arcularius, Arab. J. Sci. Eng., 40, 1809-1818, (2015).

Kiiskinen L.L., Saloheimo M., Molecular cloning and expression in Saccharomyces cerevisiae of a
laccase gene from the ascomycete Melanocarpus albomyces, Appl. Environ. Microbiol., 70,
137-144, (2004).

Kiiskinen L.L., Ratté M., Kruus K., Screening for novel laccase-producing microbes, J. Appl. Microbiol.,
97,640-646, (2004).

Koroleva O.V., Stepanova E.V., Gavrilova V.P., Yakovleva N.S., Landesman E.O., Yavmetdinov I.S.,
Yaropolov A.l., Laccase and Mn-peroxidase production by Coriolus hirsutus strain 075 in a jar
fermentor, J. Biosci. Bioeng., 93, 449-455, (2002).

Kuhar F., Castiglia V., Levin L., Enhancement of laccase production and malachite green decolorization by
co-culturing Ganoderma lucidum and Trametes versicolor in solid-state fermentation, Int. Biodeter.
Biodeg., 104, 238-243, (2015).

161



MANTAR DERGISI/The Journal of Fungus Ekim(2017)8(2)152-162

Kunamneni A., Plou F.J., Ballesteros A., Alcalde M., Laccases and their applications: a patent review,
Recent Pat. Biotechnol., 2, 10-24, (2008).

LiP.,WangH.L., Liu G.S., Li X., Yao J.M., The effect of carbon source succession on laccase activity in the
co-culture process of Ganoderma lucidum and a yeast, Enzyme Microb. Technol., 48, 1-6, (2011).

Machado K.M.G., Matheus D.R., Bononi V.L.R., Ligninolytic enzymes production and Remazol Birilliant
Blue R decolorization by tropical brazilian basidiomycetes fungi, Brazilian J. Microbiol., 36, 246-252,
(2005).

Markova E., Kotik M., Kfenkova A., Man P., Haudecoeur R., Boumendjel A., Hardré R., Mekmouche Y.,
Courvoisier-Dezord E., Réglier M., Martinkova L., Recombinant tyrosinase from Polyporus
arcularius: Overproduction in Escherichia coli, Characterization, and Use in a Study of Aurones as
Tyrosinase Effectors, ). Agric. Food Chem.., 64(14),2925-2931,(2016).

Miller G.L., Use of dinitrosalicylic acid reagent for determination of reducing sugar, Anal. Chem., 31, 426-
428, (1959).

Niku-Paavola M., Raaska L., Itdvaara M., Detection of white-rot fungi by a non-toxic stain, Mycol. Res., 94,
27-31,(1990).

Qi-he C., Krugener S., Hirth T., Rupp S., Zibek S., Co-cultured Production of Lignin-Modifying Enzymes
with White-Rot Fungi, Appl. Biochem. Biotechnol., 165,700-718, (2011).

Okino L.K., Machado K.M.G., Fabris C., Bononi V.L.R., Ligninolytic activity of tropical rainforest
basidiomycetes, World J. Microbiol. Biotechnol., 16, 889-893, (2000).

Rivela |., Rodriguez-Couto S., Sanroman A., Extracellular ligninolytic enzyme production by
Phanerochaete chrysosporium in a new solid-state bioreactor, Biotechnol. Lett., 22, 1443-1447,
(2000).

Rodriguez-Couto S., Production of laccase and decolouration of the textile dye Remazol Brilliant Blue R in
temporary immersion bioreactors, J. Hazard. Mat., 194, 297-302, (2011).

Rodriguez-Couto S., Herrera, J.L.T., Industrial and biotechnological applications of laccases: a review,
Biotechnol. Adv., 24, 500-513, (2006)

Searle P., The berthelot or indophenol reaction and its use in the analytical chemistry of nitrogen. Areview,
Analyst., 109, 549-568, (1984).

Singh N., DeviA., Jaryal R., Rani K., An Ecofriendly and Efficient Strategy for Cost Effective Production of
Lignocellulotic Enzymes, Waste Biomass Valor., DOl 10.1007/s12649-017-9861-9, (2017).

Sun Y., Cheng J., Hydrolysis of lignocellulosic material from ethanol production: a review, Bioresour.
Technol., 83, 1-11, (2002).

Theerachat M., Emond S., Cambon E., Bordes F., Marty A., Nicaud J.M., Chulalaksananukul W., Guieysse
D., Remaud-Siméon M., More S., Engineering andproduction of laccase from Trametes versicolorin
the yeast Yarrowia lipolytica, Bioresour. Technol., 125, 267-274, (2012).

Urek R.O., Kasikara Pazarlioglu N., Purification and partial characterization of manganase peroxidase
from immobilized Phanarochaete chrysosporium, Process Biochem., 39, 2061-2068, (2003)

Vinogradova S.P., Kushnir S.N., Biosynthesis of Hydrolytic Enzymes during Cocultivation of Macro- and
Micromycetes, Appl. Biochem. Microbiol., 39(6), 573-575, (2003).

Wang H., Peng L., Ding Z. , Wu J., Shi G., Stimulated laccase production of Pleurotus ferulae JM301
fungus by Rhodotorula mucilaginosa yeast in co-culture, Process Biochem., 50, 901-905, (2015).

162


https://www.ncbi.nlm.nih.gov/pubmed/?term=Markov%C3%A1%20E%5BAuthor%5D&cauthor=true&cauthor_uid=26961852

MANTAR DERGISI/The Journal of Fungus

Gelig(Received) : 13.07.2017
KabuI(Accepted) 28.09.2017

Ekim(2017)8(2)163-167
Doi :10.15318/Fungus.2017.47

Research Article

A Hypogeous Lactarius sp., New to Turkish Mycobiota
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Abstract: The hypogeous and angiocarpic Lactarius Pers species, Lactarius
stephensii (Berk.) Verbeken & Walleyn (Russulaceae) is recorded for the first time from
Turkey. The taxon is described briefly and photographs related to macro and

micromorphologies are provided.

Key words: New record, Lactarius, hypogeous fungi, Turkey

Tiirkiye Mikobiyotasi igin Yeni Bir Toprakalti Lactarius Tiirii

Oz: Toprak altinda gelisim gosteren ve angiokarpik bir Lactarius Pers tiir(i olan
Lactarius stephensii (Berk.) Verbeken & Walleyn (Russulaceae) Turkiye'den ilk kez
kaydedilmistir. Takson kisaca betimlenerek makro ve mikro morfolojilerine iliskin fotograflari

verilmistir.

Anahtar kelimeler: Yenikayit, Lactarius, toprakalti mantarlari, TUrkiye

Introduction

Lactarius Pers is a large and widely
distributed genus of the family Russulaceae with
more than 450 species (Kirk et al., 2008). The
members of the genus are well characterized by
unique ability to exude a milky fluid, generally
named as milk or latex, when injured, especially
from the gills. Though almost all known species
have a cap on a stem and expose the hymenium
on vertically arranged gills underneath the cap
(Heilmann-Clausen et al., 1998). Phylogenetic
analyses have revealed that Lactarius contains
some species with closed (angiocarpous)
fruitbodies (Eberhardt and Verbeken, 2004). A
number of genera were erected and included to
sequestrate species before the acception of the
inclusion of angiocarpous Russulales in
agaricoid genera. The species which exude milk
were often included in Arcangeliella Cavara or
Zelleromyces Singer & A.H. Sm. (Verbeken et
al., 2014). But molecular phylogenetic studies
have indicated that they represent artificial
genera for sequestrate Lactarius species, and
may be better subsumed in the amplified genus
Lactarius (Beenken et al., 2016)During our
routine field trips in Tonya (Trabzon) district,

Corresponding Author: kayaabd@hotmail.com
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some hypogeous gasteroid fungi samples were
collected and identified as Lactarius stephensii
(Berk.) Verbeken & Walleyn. Tracing the current
checklists (Sesli and Denchev, 2014; Solak et
al.,, 2015) and the latest basidiomycetous
records (Acar et al., 2015; Dogan and Oztiirk,
2015; Sesliand Moreau, 2015; Sesliet al., 2015;
Uzunetal., 2015; Akata et al., 2016; Dengiz and
Demirel, 2016; Glingér et al., 2016; Oztirk et al.,
2016; Seslietal.,2016; Uzun etal., 2017) on the
macromycota of Turkey, it is found that it was not
recorded previously from Turkey.

The study aims to make a contribution to
the macrofungi of Turkey by adding a new
record.

Materials and Methods

Lactarius samples were collected from Tonya
(Trabzon) district in 2017. Before collection
necessary ecological and morphological
characteristics of the samples were recorded
and they were photographed in their natural
habitat. The collected specimens were
transferred to the laboratory within paper bags.
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Macroscopic features are based on fresh
material while microscopic characters were
obtained from dried material in Congo Red and
Melzer's reagent under Nikon Eclipse Ci
trinocular light microscope. Photographs related
to micromorphology were taken by DS-Fi2
digital camera. Identification was performed with
the help of Pegler et al. (1993), Nuytinck et al.
(2003), Vidal (2004), Fraiture and Derboven
(2009) and Nedelin et al. (2016). The samples
are kept at Karamanoglu Mehmetbey University,
Kamil Ozdag Science Faculty, Department of
Biology.

Results and Discussion

Basidiomycota R.T. Moore

Agaricomycetes Doweld

Russulales Kreisel ex P.M. Kirk

Russulaceae Lotsy

Lactarius stephensii (Berk.) Verbeken &
Walleyn

Synonym: Arcangeliella stephensii
(Berk.) Zeller & C.W. Dodge, Arcangeliella
stephensii (Berk.) Zeller & C.W. Dodge, var.
stephensii, Hydnangium stephensii Berk.,
Hydnangium stephensii var. ravenelii Berk.,
Hydnangium stephensii, Berk., var. stephensii,
Hysterangium stephensii (Berk.) Vittad.,
Martellia stephensii (Berk.) K. Mader &A. Mader,
Octaviania stephensii (Berk.) Tul. & C. Tul,,
Octaviania stephensii (Berk.) Tul. & C. Tul., var.
stephensii, Zelleromyces stephensii (Berk.) A.H.
Sm.

Macroscopic features: Basidiomata 10-
40 mm in diameter, hypogeous or
semihypogeous, irregularly globose to oblong or
slightly reniform, attached to thin roots of the
substrate with a small protruding sterile base.
Peridium 0.3-0.5 mm thick, smooth, viscid, at
first whitish, ochraceous to orange red and
finally reddish brown to dark reddish-brown
(Figure 1a). Gleba loculated, labyrinthic, with
irregularly elongated charnbers, white or
ochraceous when young, pale orange, pinkish
orange to brownish when mature (Figure 1a),
taste fruity, odor pleasant and fruity.
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Microscopic features: Peridiopellis170-
260 pm thick (Figure 1b). Basidia cylindrical to
clavate, stright or sinuose, 35-75 x 6-11 um,
generally monosproric, rarely 2,3 or 4 spored
(Figure 1c), hyaline and with oil drops when
young, later become darker due to dark orange
substances. Cystidia and macrocystidia absent.
Pseudocystidia very scarce, up to 30 ym long
and 5-7 pym broad. Basidiospores 11-14.5 x
10.5-13 um, broadly ellipsoidal, subglobose to
globular, ornamented with conical spines
rounded apically with length 1.2-2 pm, initially
translucent, yellow-ochre to brownish at maturity
(Figure 1d).

Habitat:Lactarius stephensii grows
usually gregariously, under humus, with
ectomycorrhizal hosts from genera Corylus L.,
Carpinus L., Fagus L., Populus L., Quercus L.,
TiliaL. (Vidal 2004; Nedelin etal., 2016).

Specimen examined:

TURKEY—Trabzon: Tonya, Cay igi
village, in soil under beech-spruce mixed forest,
40°49'N-39°17'E, 1300 m, 11.04.2017, Yuzun
5519.

Lactarius stephensii (Berk.) Verbeken &
Walleyn (Russulaceae) is given as new record
for Turkish mycobiota. Before this study, 51
hypogeous basidiomycetous taxa, seven of
which belong to Russulales, had been recorded
from Turkey. Likewise 56 Lactarius species have
so far been reported from Turkey. Compared to
more than 450 species of Lactarius species
existing worldwide (Kirk et al., 2008), it could
easily be estimated that a significant number of
Lactarius species remain to be described in
Turkey. Though some hypogeous members of
Russulales, within the genera Gymnomyces
Massee & Rodway, Leucogaster R. Hesse and
Leucophleps Harkn. have so far been reported
from Turkey (Pilat, 1937; Tirkoglu and
Castellano 2013; Dogan and Akata, 2015; Elliot
et al.,, 2016), Lactarius stephensii is the first
sequestrate truffle-like Lactarius species to be
recorded from Turkey.
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Figure 1. Lactarius stephensii: a. basidiocarps, b. peridiopellis, c. basidia, d. basidiospores.

Nuytinck et al. (2003), Vidal (2004),
Fraiture and Derboven (2009) and Nedelin et al.
(2016) reported the diameter of fruiting bodies as
to reach 15, 35, 20 and 25 mm respectively. The
size of the basidiomata of our samples seem to
be larger with a diameter of reaching up to 40
mm. Most of other macro and
micromorphological characters of the studied
samples agree with those given in literature.

During identification, Lactarius
stephensii may be confused with Lactarius
borzianus (Cavara) Verbeken & Nuytinck. But
the presence of a vestigial foot and a columella,
and the incomplete peridium cover especially at
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the extreme base of the carpophore of the latter
species are distinguishing characters between
the two taxa (Fraiture and Derboven, 2009).
Their ecology seems also different. While
Lactarius borzianus can form ectomycorrhiza
with both spruce and fir trees, Lactarius
stephensii seems restricted to deciduous forests
(Vidal 2004).
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Abstract: Fungal samples were collected from Trabzon and istanbul provinces
between 2013 and 2015. After field and laboratory studies, Hebeloma sacchariolens
Chroogomphus mediterraneus, Podoscypha multizonata and Sarcodontia pachyodon were
identified as new records for the Turkish mycota. The newly reported species are given with
field photographs descriptions and a short discussion.

Key words: Chroogomphus, Hebeloma, Podoscypha, Sarcodontia, new records,
Turkey.

Tiirkiye Mikotasi igin Trabzon ve istanbul illerinden Dért Yeni
Bazidiyomikota Kaydi

Oz: Mantar érnekleri 2013 ve 2015 yillari arasinda Trabzon ve Istanbul illerinden
toplanmistir. Arazi ve laboratuvar calismalari sonucunda, Hebeloma sacchariolens,
Chroogomphus mediterraneus, Podoscypha multizonata ve Sarcodontia pachyodon
Tarkiye mikotasi icin yeni kayit olarak belirlenmistir. Yeni kayitlar arazi fotograflari, tanimlari
ve kisa bir tartismaiile birlikte verilmistir.

Anahtar kelimeler: Chroogomphus, Hebeloma, Podoscypha, Sarcodontia, yeni

kayitlar, Turkiye.

Introduction

Hebeloma members are characterized by
small to very large, viscid to dry, rarely
hygrophanous, more or less smooth, white,
grey, brown, clay, cinnamon or tan,
hemispherical, convex or plane pileus;
cylindrical to clavate stipe; adnate, adnexed or
notched, whitish, grayish to brown lamellae;
brown spore prints, usually four spored,
subcylindric to subclavate basidia; ellipsoid,
amygdaloid, citriform or fusiform basidiospores
and cylindrical, clavate, lageniform or fusiform
cheilocystidia (Hansen and Knudsen, 1992;
Vesterholt, 2005). Chroogomphus has viscid to
dry, smooth to woolly, yellowish, reddish,
brownish or vinaceous, convex to conical or

Corresponding Author: akata@science.ankara.edu.tr

plane pileus; cylindrical and sometimes tapered
or thickened stipe; usually decurrent, greyish,
dull orange, ochraceous or blackening lamellae;
smoky gray, light brown, olive brown to black
spore prints; four spored and clavate basidia;
ellipsoid to fusiform basidiospores and cylindric,
clavate or fusiform chelio-pleurocystidia.
Pileipellis consists of hyaline, yellowish or
brownish and amyloid hyphae (Miller, 1964;
Arora, 1986; Hansen and Knudsen, 1992).
Sarcodontia is characterized by resupinate or
vertically attached fruitbodies; hydnoid or
ipricoid hymenium; clavate and four spored
basidia; ellipsoid to subglobose basidiospores;
clamped hyphae and monomitic hyphal system
(Erikssonetal., 1981).
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Podoscypha is distinguished from the
other genera by stipitate and flabellate
basidiome, dimitic hyphal system, presence of
gloeocystidia and inamyloid basidiospores
(Dahlberg and Croneborg, 2006; Jahn and
Mdller, 1976). The aim of the present study is to
contribute to the Turkish mycota.

Materials and Methods

Basidiomata were collected from Trabzon
and istanbul provinces between 2013 and 2015.
Macroscopic and ecological characteristics of
the species were noted and the field photos were
taken in situ. Laboratory examinations were
carried out using the reagents such as melzer's
reagent, 5% KOH, H,0, H,SO, congo red and
cotton blue etc. Identification of the samples was
carried out according to the current literature
(Jahn and Mdiller, 1976; Eriksson et al, 1981;
Breitenbach & Kranzlin, 1986; 2000; Vesterholt,
2005; Dahlberg and Croneborg, 2006; Martin et
al., 2016). Fungal materials are kept at Ankara
University (ANK) and Karadeniz Technical
University herbariums.

Results

Hymenogastraceae Vittad.

Hebeloma sacchariolens Quél.

(Figure 1-2).

Syn.: Hylophila sacchariolens (Quél.)
Quél.

Pileus 20-50 mm, hemispherical, convex,
plane, sometimes slightly depressed, generally
eaten or injured by beetles; surface lubricous or
viscid, soft, yellow-ocher to light yellowish
brown, sometimes reddish or reddish-brown
especially when injured; margin acute. Content
whitish, thin. Odor very beautiful like perfume.
Taste raphanoid. Lamellae notched, broad,
edges crenate, whitish to pinkish brown. Stipe
35-60 x 5-10 mm, cylindrical, surface whitish-
fibrillose on a brownish or reddish brown back-
ground especially towards the base and whitish-
pruinose near the pileus, generally curved and
sometimes twisted according to growth
conditions. Basidia clavate, 30-40 x 8-11 um,
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with 4 sterigmata and basal clamp.
Basidiospores fusiform to amygdaliform, slightly
verrucose, dextrinoid, olive yellow or light
brownish, 11-13.5 x 6-9 um. Cheilocystidia
slenderly cylindrical or clavate, abundant, 30-
100 x4-10.5um.

Material examined: TURKEY—Trabzon,
Karadeniz Technical University, gregarious in
campus. 40°59'38.13" N, 39°46'17.82"E, 109 m,
05.11.2015, E. Sesli 3655.

Gomphidiaceae Maire ex Jillich

Chroogomphus mediterraneus
(Finschow) Vila, Pérez-De-Greg. & G. Mir
(Figure 3-4).

Syn.: Gomphidius mediterraneus
Finschow

Pileus 50-80 mm, hemispherical when
young, later convex, slightly irregular depending
on growth conditions; margin strongly incurved,
fibrillose to squamose, surface sticky and soft,
copper brown or reddish brown, more darker
from place to place, pinkish purple to blood color
when injured. Lamellae decurrent, spaced, thick,
broad, entire edge, dull yellowish first pinkish red
later. Content compact, thick in the center, thin
towards the margin, melon color, yellowish white
to dark yellow when cut, and pinkish red with
time. Stipe 60-100 x 10-20 mm, cylindrical,
tapered towards the base, surface smooth,
viscous, slightly fibrillose, dark ocher to
cinnamon color in the field, pinkish red after a
while when injured. Basidia clavate, 50-60 x 10-
15 pym, with 2-4 sterigmata, without basal clamp.
Basidiospores fusiform, smooth, with big drops,
olive brownish, 17-20 x 6.5-8.5 ym. Cheilo- and
pleurocystidia abundant, cylindrical, 100-175 x
17-21 um.

Material examined: TURKEY—
Trabzon, Cukurgayir, solitary in mixed forest,
40°59'01.98" N, 39°44'18.21" E, 210 m,
31.10.2015, E. Sesli 3630.
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Figure 1. Hebeloma sacchariolens: a,b,c- basidiomata (scale bars: 50 mm). Photos
by E. Sesli
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Figure 2. Hebeloma sacchariolens: a,b- cross sections through the lamella (scale bars:
20 pm). c- basidiospores (scale bars: 10 ym). Photos by E. Sesli.
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Figure 3. Chroogomphus mediterraneus: a-c- basidiomata (scale bars: 30 mm). Photos
by E. Sesli.
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Figure 4. Chroogomphus mediterraneus: a,b- cross sections through the lamella (scale
bars: 20 um). c- basidiospores (scale bars: 10 ym). Photos by E. Sesli.
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Meruliaceae P. Karst.

Sarcodontia pachyodon (Pers.) Spirin
(Figure 5).

Syn.: Hydnum pachyodon Pers., Irpex
crassitatus Lloyd, /. crassus Berk. & M.A. Curtis,
1. mollis Berk. & M.A. Curtis, I. pachyodon (Pers.)
Quél., I. pachyodon var. trametea Bourdot &
Galzin, Irpiciporus mollis (Berk. & M.A. Curtis)
Murrill, I. pachyodon (Pers.) Kotl. & Pouzar,
Lenzites pachyodon (Pers.) Pat., Radulomyces
pachyodon (Pers.) M.P.Christ.  Sistotrema
pachyodon (Pers.) Fr., Spongipellis pachyodon
(Pers.) Kotl. & Pouzar, Xylodon crassus (Berk. &
M.A. Curtis) Kuntze, X. mollis (Berk. & M.A.
Curtis) Kuntze.

Basidiomata resupinate to effuse-
reflexed, broadly attached to the substrate.
Pileus 30-50 x 10-20 mm, upper surface white to
cream, somewhat slightly ochraceous, unzoned,
finely tomentose when young, smooth in age,
margin sharp and sometimes incurved.
Hymenial surface whitish when fresh,
ochraceous when dry, hydnoid in the most part of
the hymenium, usually irpicoid near the margin.
Teeth (up to 10 mm) cylindrical, somewhat
flattened. Basidia 30-35 x 4-5 ym, cylindrical to
narrowly clavate, 4-spored and basal clamped.
Basidiospores 5.5-6.5 x 4.5 -5.5 uym, broadly
ellipsoid to subglobose, smooth, hyaline, with
drops and thick walled. Hyphal system
monomitic, 2-5 ym across, septa with clamps,
hyphae, thin to thick walled, some with oil drops

Material examined: TURKEY—istanbul:
Belgrad Forest, Neset Suyu, on beech stump, N
41° 11' - E 28° 58', 85 m, 15.11.2014, Akata
6257.

Podoscypha multizonata (Berk. &
Broome) Pat. (Figure 6).

Syn.: Phylacteria intybacea var.
multizonata (Berk. & Broome) Bigeard & H.
Guill., Stereum multizonatum (Berk. & Broome)
Massee, Thelephora multizonata Berk. &
Broome.

Basidiomata 100-150 x 80-100 mm,
stipitate, rosette-like, spatulate to fan-shaped,
consisting of numerous thin, erected, brownish,
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concentrically zoned, dark banded lobes arising
from a common base. Hymenophore smooth or
rugose, pale brown to grey brown, smooth. Flesh
leathery, pinkish-brown to brownish-wine.
Basidia 30-35 x 5-6 ym, clavate, 2-4 spored and
clamped. Basidiospores 4-6 x 4--5 um, broadly
ellipsoid to subglobose, thin-walled, hyaline and
smooth. Gloeocystidia 50-70 x 6-8 um, thin
walled, cylindrical with an obtuse apex. Hyphal
system dimitic. Generative hyphae 3-5 pm wide,
thin-walled and clamped. Skeletal hyphae 4-8
pm and thick walled.

Material examined: TURKEY—Istanbul:
Belgrad Forest, Kémircu Bent, on beech root, N
41° 12' - E 28° 57', 100 m, 22.10.2013, Akata
5864.

Discussion

Considering the checklists (Dogan et al.,
2005; Sesli and Dencheyv, 2008) and the recent
data on Turkish mycobiota (Acar et al., 2015;
Akata, 2017; Akata and Uzun, 2017; Alkan et al.,
2016; Alli et al., 2017; Altuntas et al,2017;
Demirel and Kogak, 2016; Demirel et al., 2017;
Dogan and Kurt, 2016; Oztiirk et al., 2017; Sesli
et al, 2016), Chroogomphus mediterraneus
(Finschow) Vila, Pérez-De-Greg. & G. Mir,
Hebeloma sacchariolens Quél., Podoscypha
multizonata (Berk. & Broome) Pat. and
Sarcodontia pachyodon (Pers.) Spirin are
recorded for the first time from Turkey. Among
them, Podoscypha multizonata is the first
member of the genus Podoscyphain Turkey.

Hebeloma sacchariolens and H.
pallidoluctuosum Grdger & Zschiesch. resemble
each other in terms of similar morphology and
ecology, but the latter has shorter cystidia and
smaller basidiospores (Vesterholt, 2005).
Chroogomphus mediterraneus can be confused
with C. rutilus (Schaeff.) O.K. Mill. because of
similar morphology, but the cystidia of the latter
has thicker wall (up to 2.5 ym) than the former
(upto 1 um)(Lietal.,2009; Martinetal., 2016).

Podoscypha multizonata differs from
other Podoscypha members by its distinctive
rosette-like, reddish to pinkish brown
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Figure 6. Podoscypha multizonata: a,b- basidiomata (scale bar: 50 mm)c- basidia, d- basidiospores.
Photos by I. Akata.

basidiomata consisting of numerous thin, tough
and erect individual lobes. It is also
macroscopically close to Cotylidia pannosa
(Sowerby) D.A. Reid, except the diversity of their
hyphal systems (Kout and Zibarova, 2013).
Sarcodontia pachyodon macroscopically
resembles some irpicoid species such as
Schizopora paradoxa (Schrad.) Donk. and Irpex
lacteus (Fr.) Fr. . However they differ because of
the thinner fruit bodies and lacking clamp
connections respectively (Breitenbach &
Kranzlin, 1986).
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Mineral Contents of Some Wild Edible Mushrooms
Abdullah KAYA', Fevzi KILICEL?, Hacer Sibel KARAPINAR?, Yasin UZUN'

' Karamanoglu Mehmetbey University, Science Faculty, Department of Biology, 70100 Karaman
? Karamanoglu Mehmetbey University, Science Faculty, Department of Chemistry, 70100 Karaman

Abstract: Mineral (Ni, Cu, Co, Zn, Cr, Mn, Mg, Cd, Fe, Ca and Pb) contents of 11 wild
edible agaricoid mushrooms (Coprinus comatus (Mull.:Fr.) S.F. Gray, Leucoagaricus
leucothites (Vitt.) Wasser, Lycoperdon molle Pers.: Pers., Pleurotus ostreatus (Jacq.: Fr.)
Kummer, Volvopluteus gloiocephalus (DC.) Justo, Coprinellus micaceus (Bull.) Vilgalys,
Hopple & Jacqg. Johnson, Psathyrella candolleana (Fr.:Fr.) Mre., Cyclocybe cylindracea
(DC.) Vizzini & Angelini, Lepista nuda (Bull. Fr.) Cke., Melanoleuca cognata (Fr.) Konr. &
Maubl. ss. Lge. and Tricholoma terreum (Schaeff.) P. Kumm.) were determined by an atomic
absorption spectrophotometer (AAS). Ca and Fe were found to be the most abundant
elements among the mushroom studied. Cr was detected only in 5 mushrooms while Pb was
not detected in any of the samples.

Key words: Edible mushrooms, mineral content, atomic absorption
spectrophotometer

Bazi Yenilebilir Yabani Mantarlarin Mineral igerikleri

Ozet: Yenilebilir 11 yabani agarikoit mantar tiiriiniin (Coprinus comatus (Mill.:Fr.) S.F.
Gray, Leucoagaricus leucothites (Vitt.) Wasser, Lycoperdon molle Pers.:Pers., Pleurotus
ostreatus (Jacq.:Fr.) Kummer, Volvopluteus gloiocephalus (DC.) Justo, Coprinellus
micaceus (Bull.) Vilgalys, Hopple & Jacq. Johnson, Psathyrella candolleana (Fr.:Fr.) Mre.,
Cyclocybe cylindracea (DC.) Vizzini & Angelini, Lepista nuda (Bull. Fr.) Cke., Melanoleuca
cognata (Fr.) Konr. & Maubl. ss. Lge. ve Tricholoma terreum (Schaeff.) P. Kumm.) mineral
(Ni, Cu, Co, Zn, Cr, Mn, Mg, Cd, Fe, Ca ve Pb) igerikleri atomik absorpsiyon
spektrofotometresi kullanilarak belirlenmistir. Calisilan mantar 6érneklerinde en ¢ok
go6zlenen agir metaller Ca ve Fe olmustur. Krom sadece 5 mantar 6érneginde gézlenirken,
higcbir 6rnekte kursun belirlenememistir.

Anahtar kelimeler: Yenen mantarlar, mineral igerik, atomik absorpsiyon
spectrofotometresi

Introduction

Mushrooms are an important group of
organisms in nature and can be found almost
everywhere in terrestrial ecosystems, and
collection and consumption of them has a long
tradition in many countries. Though the
knowledge of the nutritional value of wild
growing mushrooms has been limited compared
to other vegetables, they are usually considered
as valuable nutrient sources and many of them
are recommended against health problems such

Corresponding Author: kayaabd@hotmail.com
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as headache, colds, asthma, diabetes etc.(
Kalacetal., 1991).

Mineral accumulation in macrofungi has
been found to be affected by environmental and
fungal factors (Garcia et al., 1998). Amount of
organic matter, pH and metal concentrations of
underlying soil can be listed as environmental
factors. Because of such ecological factors, the
fruiting bodies of mushrooms could be relatively
richin mineral contents (Vetter, 1990).
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Although some metals are essential and
play important roles in living systems, they may
have toxic effects if consumed above threshold
concentration levels (Olumuyiwa et al., 2007;
Tlzenetal., 2007).

The study aims to determine the mineral
content of some agaricoid wild edible
mushrooms growing naturally in Gaziantep
province (Turkey).

Materials and Methods
The macrofungi specimens were

collected from different localities within
Gaziantep province (Turkey) within the scope of
the TUBITAK project TOVAG-212T112. After
taking the color photographs and recording the
necessary taxonomically important data of the
samples, they were transferred to the fungarium
and identified with the help of the relevant
literature (Breitenbach & Krénzlin, 1991, 1995;
Candusso and Lanzoni, 1990; Buczacki, 1992;
Jordan, 1995; Pegler et al., 1995; Bessette and
Bessette, 1997). The names and habitats of the
studied samples were given in Table 1.

Table 1. The names and the habitats of the mushrooms studied

Studied Mushroom Name Habitat
1 | Coprinus comatus (O.F. Mull.) Pers. Meadow
2 | Leucoagaricus leucothites (Vittad.) Wasser Meadow
3 | Lycoperdon molle Pers. Forest clearings
4 | Pleurotus ostreatus (Jacq.) P. Kumm. On Salix/Populus sp. trunks
5 | Volvopluteus gloiocephalus (DC.) Justo Among grasses
6 | Coprinellus micaceus (Bull.) Vilgalys, Hopple & Jacqg. Johnson Around Populus sp. remains
7 | Psathyrella candolleana (Fr.) Maire Around Populus sp. remains
8 | Cyclocybe cylindracea (DC.) Vizzini & Angelini On Salix/Populus sp. trunks
9 | Lepista nuda (Bull.) Cooke Forest and shruby areas
10 | Melanoleuca cognata (Fr.) Konrad & Maubl. Mixed forest
11 | Tricholoma terreum (Schaeff.) P. Kumm. Pine forest

Dried samples of the mushrooms were prepared
for analysis according to the procedure followed
by Kacar (1984) and Khairiah et al. (2004).
Mushroom samples were washed with ultrapure
water and dried at 80 °C for 8-10 hours. Then the
samples were crushed and redried at the same
temperature and duration. One g of powdered
samples were put in 50 ml beakers and 15 ml of
HNO, were added. After waiting 8-10 hours, 4 ml
HCIO, were added and heated gently for about 5-
6 hours and cooled. Then 5 ml of H,O, was added
and heated till the solution is colorless enough.
The solution was cooled and distilled water was
added on it until the total volume reaches to 10
ml.

A flame atomic absorbtion spectrophoto-
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meter (FAAS) was used for the determination of
elements. Metal ion concentrations were
determined as six replicates. The absorption
measurements of the elements were performed
under the conditions recommended by the
manufacturer.

Results

Element concentrations of the mushroom
samples are presented in Table 2. The metal
concentrations were determined on dry weight
basis. The results indicate that Calcium and Iron
were found to be the most abundant elements
among the studied mushroom samples. Ni, Cu,
Co, Zn, Mn, Mg, Cd, Fe and Ca were determined
inall samples.
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Cr was detected only in 5 mushrooms
while Pb was not detected in any of them. The
average mineral contents in mushroom samples
ranged as 0.763-152, 15.57-60.43, 1.305-

10.97, 58.69-110.9, 0.425-15.59, 7.115-138.2,
61.03-67.23, 1.345-5.908, 59.42-585.3, 309.2-
2627 mg/kg dw for Ni, Cu, Co, Zn, Cr, Mn, Mg,
Cd, Feand Carespectively.

Table 2. Mineral contents of studied wild edible mushrooms

No Amount of minerals (mg/kg dry weight)

Ni Cu Co Zn Cr Mn Mg Cd Fe Ca Pb
1| 10,89 | 50,43 | 3,405 | 58,69 | 4,095 | 31,08 | 62,39 | 2,57 | 306,4 | 2627 nd
2| 3,305 | 32,51 | 1,305 | 82,38 nd 9,95 | 61,03 | 1,625 | 59,42 | 590,5 nd
3| 152 24,82 | 10,97 | 81,12 | 8,203 | 68,53 | 67,23 | 2,765 | 585,3 | 584,2 nd
4| 2445 | 1557 | 1,57 | 110,9 | 0,425 | 10,43 | 61,8 1,97 106 309,3 nd
5| 59,21 | 27,94 | 7,31 65,62 | 15,59 | 138,2 | 65,22 | 1,345 585 2404 nd
6| 514 | 18,42 | 2,513 | 73,23 nd 12,91 | 62,34 | 2,613 | 148,4 | 1794 nd
7| 8,018 | 60,43 | 3,448 | 97,5 1,58 | 45,57 | 63,54 | 1,758 | 382,8 | 2397 nd
8| 2368 | 276 | 1,733 | 66,63 nd 7,115 | 62,87 | 2,455 | 61,43 | 1037 nd
9| 3,725 | 34,31 | 2428+ | 72,72 nd 19,88 | 62,29 | 2,723 156 1361 nd

10| 3,218 | 25,9 2,25 | 67,83 nd 53,19 | 61,91 | 2,265 | 84,47 | 562,9 nd
11| 0,763 | 21,49 | 242 | 81,82 | 2,543 | 12,54 | 62,07 | 5908 | 217,4 | 2487 nd
Discussion Psathyrella candolleana. The determined

Except chromium and lead, all the
minerals were determined in all the mushrooms
studied. Chromium was detected in Coprinus
comatus, Lycoperdon molle, Pleurotus
ostreatus, Volvopluteus gloiocephalus,
Psathyrella candolleana and Tricholoma
terreum while lead was not detected in any of the
mushrooms studied.

Nickel content ranged from 0.763
(Tricholoma terreum) to 152.0 (Lycoperdon
molle) mg/kg dw. Ni content was determined as
44.6-127, 0.4-15.9, 2.73-19.4, 0.4-2,
8.2-26.7, 1.72-24.1, 44.6-127 mg/kg dw by
Demirbas (2001), Isildak et al. (2004), Isiloglu et
al. (2001), Kala¢ and Svoboda (2001), Mendil et
al. (2004) and Soylak et al. (2005) respectively.
Except L. molle, Ni content of the mushrooms
are in agreement with previous studies. Nickel
has been linked to lung cancer and the tolerable
upper intake level for this toxic element is
reported as 1 mg/day (Anonymous, 1993).

The Cupper content was 15,57 mg/kg dw
in Pleurotus ostreatus and 60.43 mg/kg dw for
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magnesium levels are in the range of reported
amounts. Tuzen et al. (1998) and Sesli and
Tazen (1999) reported copper contents of wild
edible mushrooms as being between 4.71-51
and 10.3-145 mg/kg dw. Cupper concentrations
are generally reported within the range of 100-
300 mg/kg dw and such amounts don't cause a
health risk (Kala¢ and Svoboda, 2001).

Minimum and maximum values of cobalt
were 1.305 and 10.97 mg/kg dw. The highest
and lowest levels were found in Lycoperdon
molle and Leucoagaricus leucothites,
respectively. The amount of cobalt was
determined as 7.42 mg/kg dw for Agrocybe dura
(Kaya and Bag, 2010), 7.2 mg/kg dw for Ramaria
largentii (Ouzuni et al., 2009) and 5.8 mg/kg dw
for Agaricus arvensis (Borovicka & Randa,
2007). Except Lycoperdon molle, the
determined cobalt contents are in agreement
with the previous studies.

Generally, the zinc values in the present
study are in agreement with reported literature
values.
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It was ranged from 58.69 mg/kg dw (Coprinus

comatus) to 110.9 mg/kg dw (Pleurotus
ostreatus). In a review, tracing the studies on
mineral contents of mushrooms, Kala¢ and
Svoboda (2001) reported the zinc content as
ranging from 30 to 150 mg/kg dw. So far the
highest zinc content was measured as 173.8
mg/kg dw in Tricholoma equestre (Isildak et al.,
2004).

Chromium was determined in six
mushroom samples and the content was ranged
from 0.425 mg/kg (Pleurotus ostreatus) to 15.59
mg/kg dw (Voluopluteus gloicephalus). It was not
determined in Cyclocybe cylindracea,
Coprinellus micaceus, Leucoagaricus
leucothites, Melanolouca cognata and Lepista
nuda. Tlizen (2003) reported Cr content as 0.87-
2.66 mg/kg dw, Sivrikaya etal. (2002) as 7.0-11.0
mg/kg and Kaya et al. (2011) as 0.77-80.03
mg/kg dw. Because of its ability to increase
glucose tolerance in type-2 diabetes mellitus
patients (Anderson, 2000), chromium is
considered essential to man. The recommended
dietary intake for chromium is 0.035 mg/day for
male and 0.025 mg/day for the female
(Anonymous, 2001). Mushrooms could be
thought as a potential source of this element.

Unlike chromium, manganese was
determined in all mushrooms studied and
ranged from 7.12 in Cyclocybe cylindracea to
138.2 mg/kg dw in Voluopluteus gloicephalus.
Manganese values in the literature have been
reported in the ranges: 5.0-60.0 mg/kg dw
(Kala¢ and Svoboda, 2001) and 5.54-135 mg/kg
dw (Gengcelep et al., 2009), respectively.
Though V. gloiocephalus seems to contain
considerably high Cr, the determined Cr content
are generally in agreement with those presented
before.

As it is the case for some other minerals
investigated in this study, Lycoperdon molle
contained the highest magnesium content with
an amount of 67.23 mg/kg dry matter.
Magnesium levels ranged between 61.8 mg/kg
dw and 65.22 mg/kg dw for the other mushroom
species, studied. Uzun et al. (2011) reported the
magnesium values as 180 mg/kg dw and 1930
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mg/kg dw for Pleurotus fuscus var. ferulae and
Lycoperdon pyriforme respectively. Likewise
Demirbas (2001) reported the content of this
mineral as 330 mg/kg dw in Tricholoma
anatolicum and 6560 mg/kg dw in Morchella
deliciosa. Turkekul et al. (2004), Sesli et al.
(2008) and Tuzen et al. (2007) also reported the
magnesium content within the range of 688
mg/kg dw and 1150 mg/kg dw. Compared to
earlier published reports the determined levels of
magnesiumi is relatively low.

Since it inhibits many life processes,
cadmium is known as a principal toxic element
(Kala¢ and Svoboda, 2004) and has been
associated with renal damage; cancer and
childhood aggression (Anonymous, 1993).
Acceptable daily intake of this mineral is reported
by World Health Organization (Anonymous,
1993) as 0.06-0.07 mg/day/kg body weight. In
our study, cadmium contents ranged from 1.345
mg/kg dw for Volvopluteus gloiocephalus to
5.908 mg/kg dw for Tricholoma terreum. In some
previous studies the content of cadmium in wild
mushrooms were reported as 0.81-7.50 mg/kg
(Svoboda et al., 2000), 0.10-0.71 mg/kg (Mendil
etal., 2004), 0.28-1.6 mg/kg (Mendil et al., 2005)
and 0.12— 2.60 mg/kg (Malinowska et al., 2004).
Determined cadmium contents of this study are
in agreement with the literatural data.

Adequate iron level in a diet was reported
to be very important in order to decrease the
incidence of anemia (Uzun et al., 2011). Iron
content was determined to be at the lowest level
(59.42 mg/kg dw) in Leucoagaricus leucothites
and at the highest level (585.3 mg/kg dw) in
Lycoperdon molle. Our iron measurements are
in agreement with the findings of previous
studies. The reported iron contents ranged
between 5.0 and 7162 mg/kg dw (Sesli and
Tizen, 1999; Isiloglu et al., 2001; Gengcelep et
al., 2009, Kayaetal.,2011; Uzun etal., 2011).

All the mushroom samples contained
calcium and ranged from 309.3 mg/kg dw
(Pleurotus ostreatus) to 2627 mg/kg dw
(Coprinus comatus).
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For other mushroom samples the
measured calcium contents were between
309.3-2487 mg/kg dw. Compared to reports of
Kala¢, (2009) (100-2400 mg/kg dw) and
Sanmeea et al. (2003) (100-2400 mg/kg dw),
determined calcium contents for some samples
seems to be higher. But Uzun et al. (2011)
measured the calcium content of Laetiporus
sulphureus as 5700 mg/kg dw. Likewise
Gengcelep et al. (2009) reported the calcium
content to be 8800 mg/kg for Lepista nuda.

Lead was not determined in any of the
mushroom samples studied. Kala¢ & Svoboda,
(2001) reported the lead contents of wild
growing mushrooms as being between 0.5-20
mg/kg dw. Kaya and Bag (2010) measured lead
contents between 1.445 mg/kg dw and 3.371
mg/kg dw. But Uzun et al (2011), Kaya et al.
(2011), Kaya and Bag (2013) could not
determine this mineral in many of the
mushrooms they studied. The acceptable daily
intake of Pb for adults is 0.21-0.25 mg/day
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(Anonymous 1993).l1t means that consumption
of wild edible mushrooms collected from these
habitats within Gaziantep province may not have
any harmful effect if not overconsumed.

Analysis of the determined mineral
contents and the comparison of them with
previously reported values indicate that the wild
growing edible mushrooms, collected from
Gaziantep province and evaluated in this study,
generally contained considerable amounts of
minerals but lower toxic metal contents (Pb, Cd,
Cr), and can be used as a natural food source
without any health risk.
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