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Introduction

Abstract: Although planktonic algae are a basic component of freshwater ecosystems,
studies on their diversity and species distribution are still not in satisfactory numbers. This
study aims to contribute to Turkish freshwater algal flora particularly with the new records
reported. A total of 158 Charophyta taxa were determined in the study conducted from 2017
to 2019 in 25 river basins of Turkey. In this study, while the highest Charophyta taxon was
found in Sakarya and Bat1 Akdeniz basins with 50 and 42 taxa, respectively, Burdur basin
was the only basin where we did not find the Charophyta species. The highest Charophyta
diversity was observed in Girdev Lake (Bati Akdeniz basin) and Isik Dagi Karagol Lake
(Sakarya basin) among the lakes of Turkey’s 25 river basins. Thirty-one of these Charophyta
taxa represent new records for the freshwater algal flora of Turkey. Of these, 13 species are
commonly distributed, while 18 species have rare distribution areas. Morphology, ecology,
and distribution of each taxon were also discussed in details.

Ozet: Planktonik algler tatl su ekosistemlerinin temel bir bileseni olmasina ragmen, onlarin
cesitliligi ve tiir dagilimlar konusundaki ¢aligmalar hala tatmin edici sayilarda degildir. Bu
caligma, 6zellikle raporlanan yeni kayitlarla Tiirkiye tath su alg florasina katkida bulunmay1
amaglamaktadir. 2017-2019 yillar1 arasinda Tiirkiye'nin 25 nehir havzasinda yapilan bu
caligmada toplam 158 Charophyta taksonu tespit edilmistir. Bu g¢aligmada, en yiiksek
Charophyta taksonuna sirasiyla 50 ve 42 takson sayisiyla Sakarya ve Bati Akdeniz
havzalarinda rastlanirken, Charophyta tiirline rastlamadigimiz tek havza Burdur olmustur.
Tiirkiye'nin 25 akarsu havzasindaki goller arasinda en fazla Charophyta gesitliligi Girdev
Golii (Bati Akdeniz havzast) ve Isik Dagi Karagol (Sakarya havzasi)’de goriilmiistiir. Tespit
edilen bu Charophyta taksonlarinin 31°i Tiirkiye'deki tatlisu alg florast igin yeni kayit
niteligindedir. Bunlardan 13 tiir yayilis alani olarak yaygin iken, 18 tiir nadir yayilis alanina
sahiptir. Her bir taksonun morfolojisi, ekolojisi ve dagilimi da ayrintili olarak verilmistir.

In recent years, several projects funded by the
Ministry of Agriculture and Forestry, Directorate General
of Water Management (DGWM) and General Directorate
of State Hydraulic Works (DSI) have been implemented
on biological quality components of aquatic ecosystems.

OPEN ACCESS

© Copyright 2021 Marashoglu, Soylu, Demir, Celekli, Somek, Oterler, Cetin, Karaaslan, Ongun Sevindik, Coskun, Solak & Temizel

The present study is a part of the “Establishment of
Reference Monitoring Network in Turkey” project which
is funded by DGWM. In this project, 275 lakes in 25 river
basins were studied, and a total of 1363 phytoplankton
taxa of which 158 belong to Charophyta were determined.
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Among the determined species, new records were
reported, in addition to already reported taxa, for Turkish
flora. Most of the Charophyta taxa that were identified in
our study belong to the order Desmidiales, as seen in
many studies.

The most Charophyta taxa identified in the lakes
within 25 river basins belong to the order Desmidiales, as
seen in many previous similar studies (Shukla et al. 2008,
Oliveira et al. 2010, Hansen et al. 2018). Desmids are
exclusively found in freshwater habitats (Kouwets 2008)
and usually prefer acidic or pH-circumneutral, nutrient-
poor, and clear waters (Lenzenweger 1996). According to
Sahin and Akar (2019), desmid flora is typical, with a
predominance of cosmopolitan species, planktic-benthic
forms, acidophilic and pH-indifferent species, and
halophobic-to-salinity-indifferent species. It is well
known that Desmidiales members, which attracted the
attention of scientists due to their forms, exhibit great
diversity in their external morphology and show a
remarkably complex cell symmetry (Lee 2015). Desmids
are also considered excellent bioindicators in terms of the
stability of ecosystems (Coesel 1998). In recent years,
eutrophication, acidification, desiccation, and cultivation
have been identified as processes that could negatively
affect desmid habitats (Lenzenweger 1996, Simek 1997,
Coesel et al. 1978, Stastny 2009).

Turkish inland waters have quite rich algal diversity
with 3690 taxa determined so far (Taskin et al. 2019).
However, the number of Charophyta members listed in
algaebase (4906 taxa) are more than the total number of
algal taxa in Turkey (Guiry & Guiry 2021). The number
of Charophyta members identified in Turkish
freshwaters is only 385 (Taskin et al. 2019). However,
186 desmid species were detected only in four different
localities on the Danish island Bornholm (Hansen et al.
2018). Thus, more studies are needed to contribute to
completion of the list of algal flora of Turkey. A few
checklists containing the algae determined in several
studies on freshwater algal flora of Turkey were
published by Géniilol et al. (1996), Aysel (2005) and
Sahin (2005) and new taxa records were given during

F. Marashoglu et al.

studies performed in the last couple of decades (Aysel et
al. 1993, Oztiirk et al. 1995a, 1995b, Sahin 1998, 2000,
2002, 2007, 2009, Apaydin-Yagci & Turna 2002, Atict
2002, Sahin & Akar 2007, Baykal et al. 2009, Sevindik
etal. 2010, 2011, 2015, 2017; Bekleyen et al. 2011, Ozer
et al. 2012, Akar & Sahin 2014, Yiice & Ertan 2014,
Varol & Fucikova 2015, Varol & Sen 2016, Marasglioglu
& Soylu 2018, Sahin & Akar 2019, Sahin et al. 2020).

The studies mentioned above were conducted in
different wetlands in Turkey and provided a great
contribution to the determination of freshwater algal flora
of Turkey and to the checklists published earlier. Reliable
descriptive information was also given in these
publications about the new records. The aim of the study
is to determine the algal flora of Turkish freswater in
selected 25 river basins.

Materials and Methods

Study Area

Turkey has 25 river basins (Fig. 1, Table 1), and inland
water bodies in these basins consisting of 200 natural lakes,
806 reservoirs and 1000 irrigation ponds. The general
directorate of state ydraulic works of Turkey (DSI) data
show that the volume of annual average precipitation is
estimated to be 501 billion m® water, of which about 55%
is lost by evapotranspiration, 31% flows into water bodies
(158 billion m®) and 14% feeds aquifers (69 billion md).
The Firat-Dicle Basin provides the largest single volume of
available exploitable freshwater resources in Turkey,
representing 28.5% of the total (DSI 2014).

A total of 275 lakes, including reservoirs, were
sampled during the study in 25 river basins. The number
of studied lakes considering the river basins were given in
Table 1. These lakes, located between the longitudes of
26° 19" and 43° 54’E and the latitudes of 35° 56" and 42 °
00°N, are grouped in 22 lake typologies based on altitude
(R), lake depth (D), lake size (A), and geology (J)
(DGWM 2015a). The altitudes of the sampled lakes vary
from sea level (Lake Gala) to 2757 m (Lake Camlu).

Meri¢Ergene
Marmara e Ba_h!(a_mdenlz
DoguKaradeniz Coruh
F Yesilirmak Aras
zeyE: Sakarya
e - ) Kizilirmak
R A Gediz Akargay VanGsla
= Firat—Dicle
=4 WW"QBU e Konya
" i
g Antalya
G DoguAkdeniz

Fig. 1. 25 River basins in Turkey.
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Table 1. The number and names of sampled lakes in the 25 river basins.

No

Basin

The number of
studied lakes

Name of lake

10

11

12

13

14

15

16

Akarcay

Antalya

Aras

Asi

Bat1 Akdeniz

Bat1 Karadeniz

Burdur

Biiyiik Menderes

Ceyhan

Coruh

Dogu Akdeniz

Dogu Karadeniz

Firat-Dicle

Gediz

Kizilirmak

Konya

10

13

14

13

18

12

17

23

18

(1) Aksehir Lake, (2) Eber Lake, (3) Akdegirmen Reservoir, (4) 26 Agustos TP
Lake, (5) Karamik Reeds, (6) Agzikara Pond, (7) Tinaztepe Pond, (8) Gezler Pond,
(9) Sehit Uz. Cvs. Nurullah Oymak Pond, (10) Tazlar Sat1 Gelin Pond

(11) Egirdir Lake, (12) Kovada Lake, (13) Golciik Lake, (14) Cemalalan1 Lake,
(15) Duruca Lake, (16) Egri Lake, (17) Kiilli Lake, (18) Titreyen Lake, (19) Diiden
Lake

(20) Aktas Lake, (21) Cildir Lake, (22) Aygir Lake

(23) Reyhanli (Yenihisar) Lake, (24) Yayladag Reservoir, (25) Tahtakopri
Reservoir, (26) Karagol Lake, (27) Adsiz Lake, (28) Yarseli Reservoir, (29)
Ugpinar Pond, (30) Sapkanli Pond

(31) Golhisar Lake, (32) Girdev Lake, (33) Avlan Lake, (34) Dalaman Wetlands,
(35) Denizcik Lake, (36) Kocagol Lake, (37) Kusuru Lake, (38) Koycegiz Lake,
(39) Kiigiikdalyan Lake, (40) Yesilgol Lake, (41) Yazir Lake, (42) Baranda Lake,
(43) Pozan Lake

(44) Nazli Lake, (45) Biiyiik Lake, (46) Derin Lake, (47) Parcayir Lake, (48) Abant
Lake, (49) Dipsiz Lake, (50) Golciik Lake, (51) Kegi Lake, (52) Yenigaga Lake,
(53) Kuyudiizii Lake, (54) Erze Lake, (55) Koca Lake, (56) Kuru Lake Natural
Park, (57) Sazl Lake

(58) Acigol Lake, (59) Burdur Lake, (60) Karatas Lake, (61) Salda Lake, (62)
Tefenni Pond, (63) Kegiborlu Giineykent Uzundere Pond

(64) Isikli Lake, (65) Bafa Lake, (66) Azap Lake, (67) Karakuyu Reeds, (68)
Siileymanh Lake, (69) ikizdere Reservoir, (70) Gerenlik Lake, (71) Gokgol Lake,
(72) Gokpinar Reservoir, (73) Karacasu Reservoir, (74) Karagol Lake, (75) Sakli
Lake, (76) Siiliikli Lake

(77) Golbas1 Lake, (78) Kartalkaya Reservoir, (79) Kara Lake, (80) B. Yapalak
Pond, (81) Korkmaz Pond, (82) Zorkun Pond, (83) Merk Pond, (84) Yamagoba
Pond, (85) Kizilinis Pond, (86) Ariklikas Pond, (87) Karacaéren Pond, (88)
Meletmez Pond, (89) Postkabasakal Pond, (90) Bagtepe Pond, (91) Zerdali Pond,
(92) Kozan Aydin Pond, (93) Yumurtalik Zeytinbeli Pond, (94) Yumurtalik
Ayvalik Pond

(95) Adsiz Lake, (96) Boga Lake, (97) Balik Lake, (98) Savsat Karagol Lake, (99)
Cil Lake, (100) Borcka Karagél Lake, (101) Tortum Lake, (102) Uriinlii Pond
(103) Aygir Lake, (104) Uzun Lake, (105) Degirmendere Pond, (106) Cemilli
Cevlik Pond, (107) Hacinuhlu Kelce Pond, (108) Akin Pond, (109) Kizil6z Pond,
(110) Bagyayla Pond, (111) Goktepe Pond, (112) Bagbasi Reservoir, (113)
Yasstbag Pond, (114) Hadim-inénii Pond

(115) Gaga Lake, (116) Sera Lake, (117) Ulugol Lake, (118) Uzungdl Lake, (119)
Camlu Lake, (120) Cakir Lake, (121) Limni Lake

(122) Kaz Lake, (123) Ahir Lake, (124) Hagli Lake, (125) Korlu Lake, (126) Hazar
Lake, (127) Karagol Lake, (128) Yesildere Pond, (129) Palandken Pond, (130)
Giiroymak Reservoir, (131) Kalecik Reservoir, (132) Kapiagmaz Pond, (133)
Dedeyolu Pond, (134) Giizelyurt Sulama Pond, (135) Hasancik Pond, (136) incesu
Pond, (137) Otlukbeli Lake, (138) Siverek Yeleken Pond

(139) Golciik Lake, (140) Demirkoprii Reservoir, (141) Marmara Lake, (142)
Gordes Reservoir, (143) Karagol Lake, (144) Kigiikler Reservoir

(145) Golbel Lake, (146) Ulas Lake-2, (147) Biiyiik Lota Lake, (148) Hafik Lake,
(149) Kiigiik Lota Lake, (150) Todirge Lake, (151) Ar Lake, (152) Aygir Lake,
(153) Bakkal Lake, (154) Dipsiz Lake, (155) Elekci Lake, (156) Ulas Lake-1, (157)
Ulas Lake-3, (158) Deniz Lake, (159) Yesilgol 1 Lake, (160) Bardakeili Mevki
Lake, (161) Yenidanigsment Mevki Lake, (162) Palanga Lake, (163) Sugiylan
Mevki Lake, (164) Kayabag1 Lake, (165) Kuru Lake, (166) Sira¢ Lake, (167)
Kizilgam Lake

(168) Sariot Lake, (169) Beysehir Lake, (170) Tuz Lake, (171) Siileymanhaci Lake,
(172) Gok (Kozanli) Lake, (173) Meke Lake (Meke Maari), (174) Gavur Lake,
(175) Dipsiz Lake, (176) Acigol Lake 2, (177) Baki Lake, (178) Uyuz Lake, (179)
Acigol Lake 1, (180) Kayr Lake, (181) Diiden Lake, (182) Kovali Lake, (183)
Kopek Lake, (184) Kiigiik Lake, (185) Suliiklii Lake

Trakya Univ J Nat Sci, 22(2): 111-129, 2021
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Table 1. Continued.

F. Marashoglu et al.

The number of

Name of lake

No Basin studied lakes
17 Kuzey Ege S
18 Kiigiik Menderes 6
19 Marmara 9
20 Merig-Ergene 5
21 Sakarya 23
22 Seyhan 12
23 Susurluk 9
24 Van Golii 7
25 Yesilirmak 14

(186) Boz Lake, (187) Giizelhisar Reservoir, (188) Karagdl Lake, (189) Sevisler
Reservoir, (190) Tepe Lake

(191) Catal Lake, (192) Tahtali Reservoir, (193) Alagati Baraji, (194) Belevi Lake,
(195) Gebekirse Lake, (196) Urkmez Reservoir

(197) Habibler Mevki Pond, (198) Great Dipsiz Lake, (199) iznik Lake, (200) Koca
Lake, (201) Karamaden Lake, (202) Danamandira Lake-1, (203) Danamandira
Lake-2, (204) Small Dipsiz Lake, (205) Sinekli Lake

(206) Gala Lake, (207) Sigirc1 Lake, (208) Pamuklu Lake, (209) Uskiip Sulama
Pond, (210) Domuz Lake

(211) Taskisig1 Lake, (212) Akgol 2 Lake, (213) Cubuk Lake, (214) Poyrazlar
Lake, (215) Sapanca Lake, (216) Isik Dagi Karagol Lake, (217) Cavuscu Lake,
(218) Mogan Lake, (219) Uclerkayas1 Pond, (220) Cubuk Karagél Lake, (221)
Eymir Lake, (222) Akgol 1 Lake, (223) Kiigiik Akgol Lake, (224) Avdan Lake,
(225) Kayuslu Lake, (226) Karamurat Lake, (227) Ciineyt Sonmez Pond, (228)
Cilginlar Pond, (229) Yildirim Evei Pond, (230) Ovacik Lake, (231) Siiliiklii Lake,
(232) Camkoru TP Pond, (233) Anagél Lake

(234) Bahgelik Reservoir, (235) Tufanbeyli Demiroluk Pond, (236) Adsiz Lake,
(237) Pekmezli-Catalgam Pond, (238) Tufanbeyli Doganbeyli Pond, (239)
Giimiisoren Reservoir, (240) Sihli Pond, (241) Dolekli Pond, (242) Kiligh Pond,
(243) Topacik Pond, (244) Hiisniye Pond, (245) Cavuslu Pond

(246) Manyas Lake, (247) Uluabat Lake, (248) Adsiz-1 Lake, (249) Golbasi Lake,
(250) Golciik Lake, (251) Ikizcetepeler Reservoir, (252) Karagol Lake, (253)
Kilimli Lake, (254) Niliifer Reservoir

(255) Akgol Lake, (256) Ercek Lake, (257) Bostanigi Pond, (258) Arin Lake, (259)
Aygir Lake, (260) Van Lake, (261) Nazik Lake

(262) Akgol Lake, (263) Asagitepecik (Golova) Lake, (264) Boraboy Goleti, (265)
Biiyiik Lake, (266) Diiden Lake, (267) Kaz Lake, (268) Ladik Lake, (269) Uyuz
Lake, (270) Karacadren Mevki Lake, (271) Dipsiz Lake 2, (272) Sarigigek Lake,

(273) Yenihayat Reservoir (274) Dipsiz Lake 1, (275) Zinav Lake

Sampling and Identification

Phytoplankton was sampled annually from 2017 to
2019 in three seasons (spring, summer and autumn) at
monitoring station(s) in each lake. The number of
monitoring points (station) in the lakes varied according
to the lake areas determined by the general directorate of
water management. According to this, sampling point
numbers were determined as 1 for lakes that have a
surface area smaller than 50 ha, 2 for lakes that have a
surface area between 50 and 500 ha and, 3 for lakes which
have a surface area higher than 500 ha (DGWM 2015b).
One of the selected stations was determined at the deepest
point of the lake. No bathymetric study was carried out in
the lakes, and the deepest point of the lake was determined
through a depth meter. Three depths (surface, middle, and
bottom) of the euphotic depth (Secchi disk depth x 2.5)
were sampled with a Ruttner water sampler (Hydro-
Bios 2 L, 0.5 m long), then a subsample was taken from
mixed water of the three depths. Plankton net with a pore
diameter of 50 pm was also used for sampling. Samples
were fixed with Lugol’s solution. Identification of the
algal taxa was performed with compound and inverted
microscopes according to the literature (Kolkwitz &
Krieger 1971, Lind & Brook 1980, Huber-Pestalozzi

1982, Kadlubowska 1984, Lenzenweger 1996, 1997,
1999, 2003, Compére 2001, John et al. 2003, Coesel &
Meesters 2007). Identified taxa were checked with the
checklist of Aysel (2005), Taskin et al. (2019), and the
database of Turkish algae (Maraslioglu & Goniilol 2021).
The currently accepted nomenclature and distribution of
taxa were given according to Guiry & Guiry (2021). The
author names were abbreviated according to Brummit &
Powell (1992). Taxa were photographed with a camera
attached to the microscopes. List of Charaophyta taxa, the
basin and lakes they were obtained are given in Table 2.
Species name, synonym,  description, ecology,
distributional data and obtained basin and lakes information
are given only for new taxa in the result section.

Results

A total of 158 Charophyta taxa, of which 31 are new
records for the freshwater algal flora of Turkey were
determined during the whole study (Table 2). Thity-one
taxa from Charophyta were detected as new records for
the freshwater algal flora of Turkey in this comprehensive
study. 30 of the new records were found to be members of
the order Desmidiales and 1 of the order Zygnematales.
Morphotaxonomic description, ecology, and distribution
of each of these taxa are given below.
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Table 2. List of Charophyta taxa (Italic numbers show Basin names in Table 1, bold numbers show lake names in Table 1).

No Taxa Basin(s) e Lake(s)
1 Actinotaenium wollei (West & G.S.West) Teiling ex Ruzicka 23 246
& Pouzar 1978*
2 Closterium acerosum Ehrenb. ex Ralfs 1848 2,16, 18 12,17, 182,194
. . 169, 177, 182, 185, 189, 186, 187, 193, 197,
3 Closterium aciculare T.West 1860 16, 17, 18, 19, 23, 25 199, 201, 202, 246, 249, 251, 274, 271
4 Closterium acutum Bréb. 1848 16, 17, 20, 21, 23, 25 174, 189, 208, 216, 251, 266, 275
Closterium acutum var. linea (Perty) West & G.S.West 1900 21 216
6 %gssterium acutum var. variabile (Lemmerm.) Willi Krieg. 14,513 21 8,10, 28, 31, 42, 122, 124, 129, 211, 219
7 Closterium dianae Ehrenb. ex Ralfs 1848 2,5,8,11,21,25 17,41, 64, 103, 216, 269, 271
Closterium dianae var. rectius (Nordst.) De Toni 1977* 1 2
Closterium ehrenbergii Menegh. ex Ralfs 1848 18 194
10  Closterium gracile Bréb. ex Ralfs 1848 2,10 12,99
11  Closterium idiosporum West & G.S.West 1900 21 216
12 Closterium jenneri var. cynthia (De Not.) Petlovany 2015 21 216, 219
13 Closterium kuetzingii Bréb. 1856 15 162
14 Closterium leibleinii Kiitz. ex Ralfs 1848 15 162
15  Closterium limneticum Lemmerm. 1899 13,21 129, 131, 138, 232, 225
16  Closterium littorale Gay 1884 9, 14, 16, 19, 20, 23 2?1’6140, 141, 144, 185, 199, 208, 210, 206,
17 Closterium lunula Ehrenb. & Hemprich ex Ralfs 1848 9,14, 17, 20, 23 84, 140, 189, 206, 208, 246, 251
18 Closterium moniliferum Ehrenb. ex Ralfs 1848 16, 22 174,234
19  Closterium navicula (Bréb.) Liitkem. 1905 2,10 12,99
20  Closterium parvulum Négeli 1849 8,16 67,174
21 Closterium pronum Bréb. 1856 5 40, 42
22 Closterium pseudolunula O.Borge 1909 1 2
23  Closterium pygmaeum Gutw. 1890* 21 224
24 Closterium strigosum Bréb. 1856 19 205
25 Cosmarium abbreviatum Racib. 1885 4,21,25 28, 216, 269
26  Cosmarium asphaerosporum Wittr. 1879 19 202
27  Cosmarium berryense Kouwets 1998 21 225
28  Cosmarium bioculatum Bréb. ex Ralfs 1848 4,11, 14, 16,17, 25 28, 104, 110, 140, 174, 189, 263
29 ggﬁm%l:rfsggloculatum var. depressum (Schaarschm.) 1,21 10, 213, 219, 232
30 Cosmarium bireme G.S.West 1904 1,13 6,134
31  Cosmarium blyttii Wille 1880 24,25 258, 272
32 Cosmarium boeckii Wille 1880 16 175
33 Cosmarium botrytis Menegh. ex Ralfs 1848 2,14,17, 19, 20,23 17, 140, 141, 188, 202, 206, 251
34 Cosmarium brebissonii Menegh. ex Ralfs 1848* 5 32
35  Cosmarium cataractarum (Racib.) B.Eichler 1895 4 29
36  Cosmarium clepsydra Nordst. 1870 19, 20 199, 210
37  Cosmarium contractum O.Kirchner 1878 2,5 12,33
38  Cosmarium contractum var. rotundatum Borge 1925* 15 149
39  Cosmarium contractum var. minutum (Delponte) Coesel 1989 13 133
40  Cosmarium crenatum Ralfs ex Ralfs 1848 10 97
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Table 2. Continued.

F. Marashoglu et al.

No Taxa Basin(s) e Lake(s)

41  Cosmarium cymatonotophorum West 1892 21 213, 227, 228
42  Cosmarium depressum var. planctonicum Reverdin 1919 15,21 149, 213
43 Cosmarium difficile Liitkem. 1892 4,21 28, 216
44 Cosmarium distentum (West) Coesel & Meesters 2015* 5,21 32,214
45  Cosmarium formosulum Hoff 1888 2 12,15
46  Cosmarium galeritum Nordst. 1870 15 148, 149, 158
47  Cosmarium granatum Bréb. ex Ralfs 1848 2,16 11, 176, 177
48  Cosmarium humile Nordst. ex De Toni 1889 5,10, 15,19, 21,25 32,99, 159, 199, 216, 272
49 Cosmarium humile var. substriatum (Nordst.) Schmidle 5,10 33,99

1895*
50  Cosmarium impressulum Elfving 1881 5 32
51 Co_smarium impressulum var. crenulatum (Négeli) Willi 15 162

Krieg. & Gerloff 1965*

. 11, 16, 27, 32, 35, 48, 104, 105, 106, 107,

52 Cosmarium laeve Rabenh. 1868 56,4 505,’22’ R 132, 133, 147, 149, 176, 185, 206, 224, 225
53 gossn\wl\:;;:;lsttjTE3 8n;):ilcmllllferum var. madagascariense West & 13 126
54  Cosmarium meneghinii Bréb. ex Ralfs 1848 4,5,10,21,24 26, 32, 99, 216, 261
55 Cosmarium moniliforme Ralfs 1848 1,8,13,21 5,64, 132, 215, 219
56  Cosmarium neodepressum G.J.P.Ramos & C.W.N. Moura 2020 3, 5, 6, 15, 22 22,32, 54,55, 57
7 Srle mlrmer G (2 0 g
58  Cosmarium nymannianum Grunov 1868* 2 19
59  Cosmarium obtusatum (Schmidle) Schmidle 1898 5 32
60  Cosmarium ornatum Ralfs ex Ralfs 1848 9 86
61 Cosmarium phaseolus Bréb. ex Ralfs 1848 13,21 132, 229
62  Cosmarium phaseolus var. subbireme Racib. 1889 21 216
63  Cosmarium polygonatum Halasz 1940 5,21 33, 214, 216, 219, 224
64  Cosmarium pseudowembaerense Kouwets 1998* 5,13 33,131
65 Cosmarium punctulatum Bréb. 1856 8,12, 14,20 64, 115, 140, 206
66  Cosmarium pygmaeum W.Archer 1864 5, 10, 16 32,100, 175
67  Cosmarium quinarium Lundell 1871* 21 224
68  Cosmarium regnellii Wille 1884 5,21 32, 216, 218, 219, 227, 228
69  Cosmarium regnesi Reinsch 1866 5,21 32,216
70  Cosmarium reniforme (Ralfs) W.Archer 1874 5, 25 32,271, 275
71 Cosmarium reniforme var. compressum Nordst. 1887 8,21 64, 216
72 Cosmarium speciosum Lundell 1871 2 15
73 Cosmarium sphagnicola West & G.S.West 1897* 5 32
74 Cosmarium sportella Bréb. ex Kiitz. 1849 16 169
75  Cosmarium subadoxum Gronblad* 4,13,21 28, 29, 132, 135, 214,
76 Cosmarium subcostatum Nordst. 1876 2,25 19, 269
77 CEJsmarium subcostatum var. minus (West & G.S.West) Kurt 5 33

Forst.1981
78 Cosmarium subcrenatum Hantzsch 1868 10, 17 99, 189
79  Cosmarium subgranatum (Nordst.) Liitkem. 1902* 21 224,225
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No Taxa Basin(s) e Lake(s)
80  Cosmarium subprotumidum Nordst. 1876 32
81  Cosmarium subquadrans West & G.S.West 1905* 4 28,29
82  Cosmarium subquadrans var. minus Nordst. 1873* 21 215
83  Cosmarium subtumidum Nordst. 1878 5 35
84 E(r)isenségu(r;nersilékfm;ulrgg%um var. minutum (Willi Krieg.) Willi 5,13 33,133
85  Cosmarium subundulatum Wille 1880 15 148
86  Cosmarium tenue W.Archer 1868 13 132
87  Cosmarium tetrachondrum Lundell 1871* 5 32
88  Cosmarium tinctum Ralfs 1848 2,4,5,13, 16,21 12, 30, 37, 133, 136, 138, 176, 185
89  Cosmarium venustum (Bréb.) Archer 1861 16, 25 174,271
90 Cosmarium wembaerense Schmidle 1898 1,21 2,218
91  Cylindrocystis brebissonii (Ralfs) De Bary 1858 2 19
92  Desmidium aptogonum Bréb. ex Kiitz. 1849 * 8 67
3,9,22, 32, 35,42, 95, 115, 117, 129, 131,
93 Elakatothrix gelatinosa Wille 1898 ;'13*22’ 10,12,13,16, 134 134, 135, 175, 211, 214, 227, 231, 232,
' 213, 216, 225, 264, 265, 275, 274, 271, 273
94  Euastrum lacustre (Messik.) Coesel 1984* 15 148
95  Gonatozygon brebissonii De Bary 1858 2,11 11,104
96  Gonatozygon monotaenium De Bary 1856 5 35
97  Groenbladia undulata (Nordst.) Kurt Forst.1973* 21 222
98  Heimansia pusilla (Hilse) Coesel 1993 1 6, 8
99  Hormidiopsis crenulata (Kiitz.) Heering 1914 2 15
100 Micrasterias furcata C.Agardh ex Ralfs 1848* 21 216
101  Micrasterias rotata Ralfs 1848 10 99
102 Mougeotia boodlei (West & West) Collins 1912 2,16 12, 13, 169, 174, 175, 176, 182
103  Mougeotia capucina C.Agardh 1824 17, 23 187, 249
104  Mougeotia nummuloides (Hassall) De Toni 1889 2 15
105 Mougeotia parvula Hassall 1843 2 11,19
106 Mougeotia quadrangulata Hassall 1843 2,16 11, 17, 175, 178, 182
107 Mougeotia varians (Wittr.) Czurda 1932 5 32
108 Mougeotia viridis (Kiitz.) Wittr. 1872 14, 16,17, 19 142, 180, 189, 199
109 Pleurotaenium trabecula Nageli 1849 2,4 13, 26
110 Roya closterioides Coesel 2007 21 216
111  Spirogyra aequinoctialis West 1907 22 239
112  Spirogyra cataeniformis (Hassall) Kiitz. 1849 2,16 19,176
113  Spirogyra communis (Hassall) Kiitz. 1849 16 176
114  Spirogyra dubia Kiitz. 1849 16 176
115 Spirogyra decimina var. elongata (Vaucher) Petlovany 2015* 2 11
116  Spirogyra rivularis (Hassall) Rabenh. 1868 19
117  Spirogyra weberi Kiitz. 1843 2 11,13, 15
118  Spondylosium panduriforme (Heimerl) Teiling 1957* 13 132
119 Staurastrum alternans Bréb. 1848 20, 23 206, 251
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MY e Basin(s) Sl Lake(s)
120 Staurastrum anatinum Cooke & Wills 1881 8 73
121  Staurastrum avicula var. lunatum (Ralfs) Coesel & Meesters 2013 5 32
122  Staurastrum bieneanum Rabenh. 1862 5,21 32, 224
123  Staurastrum bioculatum W.R.Taylor 1935 11 110
82, 129, 137, 130, 139, 190, 187, 193, 199,
124  Staurastrum chaetoceras (Schrod.) G.M.Sm. 1924 20123 e 2, ek 22 200, 247
125 Staurastrum cingulum (West & G.S.West) G.M.Sm. 1922 32323 RELE 1581513451 71:92127‘:3 12771(1)51321 5251221?5123611
126  Staurastrum cingulum var. obesum G.M.Sm. 1922 15 145, 152
127  Staurastrum crenulatum (Négeli) Delponte 1877 2,5,8,15 17, 35, 64, 151
128  Staurastrum denticulatum (Négeli) W.Archer 1861 10 99
129  Staurastrum furcigerum (Bréb.) W.Archer 1861 5,21 32,216, 224
130 Staurastrum gracile Ralfs ex Ralfs 1848 2013315 10175 2221;8313391;1?01221186 ORI
131  Staurastrum hexacerum Wittr. 1872 5 32,33
132  Staurastrum lapponicum (Schmidle) Gronblad 1926 21 218
133  Staurastrum manfeldtii Delponte 1878 5 32
134  Staurastrum margaritaceum Menegh. ex Ralfs 1848 16 174
135 Staurastrum muticum Bréb. ex Ralfs 1848 10, 11 99, 104
136  Staurastrum muticum f. minus Rabenh. 1868* 13 133
137  Staurastrum paradoxum Meyen ex Ralfs 1848 19, 20, 23 201, 209, 254
138  Staurastrum pilosum Bréb. 1856 23 251
139 Staurastrum pingue Teiling 1942 9,13,14,21, 23 77,127, 140, 219, 251
140 i/tlzzgfesrtsrgglpgsgue var. planctonicum (Teiling) Coesel & 13 21 129, 137, 215, 219
141  Staurastrum punctulatum Bréb. 1848 12,25 120, 271
142  Staurastrum striatum (West & G.S.West) Ruzicka 1957* 5 33
143  Staurastrum teliferum Ralfs 1848* 10 99
144  Staurastrum tetracerum Ralfs ex Ralfs 1848 11652613 10,12, 13, iglzigizlgg i$4927;12112§122:2;29
145  Staurastrum trilobulatum Diirrschm.* 25 269
146  Staurastrum vestitum Ralfs 1848 5 32
147  Staurodesmus convergens (Ehrenb. ex Ralfs) S.Lill. 1950 21 216
148  Staurodesmus dejectus (Bréb.) Teiling 1954 20 209
149  Staurodesmus dickiei (Ralfs) S.Lill. 1950 10, 21 99, 216
150 Staurodesmus extensus (O.F.Andersson) Teiling 1948 21 227
151 Staurodesmus glaber (Ralfs) Teiling 1948 5,21 32, 216, 227
152  Staurodesmus lobatus (Bergesen) Bourr. 1966 21 216
153 Staurodesmus triangularis var. brevispina (V.Allorge & 21 216
P.Allorge) Coesel & Meesters 2013*
154  Teilingia excavata (Ralfs ex Ralfs) Bourr. 1964 21 227
155 Teilingia granulata (J.Roy & Bisset) Bourr. 1964 10, 21 99, 216
156 Teilingia quadrispinata f. evoluta (A.M.Scott & Gronblad) 5 32
Pal.-Mordv. 1982*
157  Xanthidium antilopaeum Kiitz. 1849 10 99
158 Zygnema pectinatum (VVaucher) Agardh 1816 16 174, 180

* new record for Turkish freshwaters.
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Phylum CHAROPHYTA
Classis Zygnematophyceae
Order Desmidiales
Family Desmidiaceae
Genus Actinotaenium (Négeli) Teiling
Actinotaenium wollei (West & G.S. West) Teiling 1978
(Fig. 2a)
Synonym: Cosmarium globosum var. wollei West &
G.S. West 1896

Description: Cells 27.5-47.4 um long, 20.6-36.7 um
wide, isthmus 19.9-35.2 pum. Cells 1.3-1.5 times longer
than broad; cells elliptic to nearly circular, semi cells semi
circular; wall finely punctate; chloroplast stellate with a
central pyrenoid. The mid-region of the cell is slightly
narrowed.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, France, Italy,
Netherlands, Spain, Ukraine; North America: Arkansas,
Québec; Caribbean Islands: Cuba; South America: Brasil;
South-west Asia: Bangladesh; South-east Asia: Thailand;
Asia: Russia, Russia (Far East); Australia and New
Zealand: New Zealand.

Occurrence: It was determined in Susurluk basin
(Manyas Lake).

Genus Cosmarium Corda
Cosmarium brebissonii Menegh. 1848 (Fig. 2b)
Synonym: -

Description: Cells 45-79 pm wide, 88-110 um long.
Semi cells are about trapeziform with very broadly
rounded angles, walls covered with closely and evenly
spaced conical granules.

Ecology: This is a freshwater species and
characteristic of acidic, oligo-mesotrophic bog sites.

Distribution: Europe: Austria, Britain, Czech
Republic, France, Georgia, Germany, Hungary, Ireland,
Italy, Latvia, Netherlands, Portugal, Russia (Europe),
Serbia, Spain, Ukraine; South America: Argentina, Brazil;
Asia: China, Russia; Australia and New Zealand:
Queensland.

Occurrence: It was determined in Bat1 Akdeniz basin
(Girdev Lake).

Cosmarium contractum var. rotundatum Borge 1925
(Fig. 2¢)
Synonym: -

Description: Cells 1.5-1.8 times longer than broad,
small and globose, 31-52 um long and 21-33 pum wide;
semi cells are globose to subcircular that are connected by
an isthmus, lateral margins of the semi cells are convex
with smooth and rounded apical margin; isthmus is 3.5-
5.5 pm in length. Differs from the nominal variety in that
semi cells are virtually circular in outline.
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Ecology: This is a freshwater species.
Distribution: Europe: Austria, Britain, Czech
Republic, Georgia, Germany, Netherlands; North

America: Arkansas; South America: Brazil, South-east
Asia: Philippines; Asia: China; Australia and New
Zealand: Northern Territory.

Occurrence: It was determined in Kizilirmak basin
(Kiigiik Lota Lake).

Cosmarium distentum (West) Coesel & Meesters 2015
(Fig. 2d)
Synonym: Cosmarium laeve var. distentum G.S. West

Description: Cells 14-18 um long, 11-15 pm wide,
isthmus 3-4 um. Cell length to breadth ratio is lower from
the described diagnosis of Cosmarium laeve Rabenh.
Semi cells widely ovate from the broad base, apex
rounded or slightly truncate, a prominent tubercle in the
center of the semi cell. The cell wall is finely punctate.

Ecology: This is a freshwater species.
Distribution: Europe: Netherlands.

Occurrence: It was determined in Bati Akdeniz
(Girdev Lake) and Sakarya basins (Poyrazlar Lake).

Cosmarium humile var. substriatum (Nordst.) Schmidle
1895 (Fig. 2e)

Synonym: -

Description: Cells 17-28 pm long, 16-26 pm wide.
The cell wall is sculptured by both incurvations and
granules. Differs from the nominate variety by larger cell
dimensions and in that the granules are arranged in two
intramarginal series.

Ecology: This is a freshwater species and rather
common species in various kinds of circumneutral, meso-
eutrophic water bodies.

Distribution: Europe: Britain, Germany, Ireland,
Italy, Latvia, Netherlands, Serbia, Slovenia, Ukraine;
North America: Québec; South America: Argentina;
South-west Asia: India; Asia: Russia, Tajikistan.

Occurrence: It was determined in Bat1 Akdeniz basin
(Avlan Lake).

Cosmarium impressulum var. crenulatum (Négeli) Willi
Krieg. & Gerloff 1965 (Fig. 2f)

Synonym: Cosmarium crenulatum Nageli

Description: Cells 29-33um long, 20-24 pm wide.
Cells longer than broad, in rough outline oval with
regularly undulate margin. Half-cells transverse
hexagonal. In the apical view elliptical, in the lateral view
broadly oval. Cell wall smooth.

Ecology: This is a freshwater species and prefers
mesotrophic water.
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Distribution: Europe: Austria, Britain, Netherlands,
Serbia; South America: Argentina; South-west Asia: India;
South-east Asia: Thailand.

Occurrence: It was determined in Kizilirmak basin
(Palanga Lake).

Cosmarium mamilliferum var. madagascariense West &
G.S. West 1895 (Fig. 29)

Synonym: -

Description: Cells 32-43 um long, 25-36 pm wide,
isthmus 7 pm, elliptical apical view, the wall is strongly
scrobiculate.

Ecology: No habitat entry has yet been made for this
entity.

Distribution: Africa: Zimbabwe.

Occurrence: It was determined in Firat-Dicle basin
(Hazar Lake).

Cosmarium nymannianum Grunov 1866 (Fig. 2h)
Synonym: -

Description: Cells 30-54 pm long and 29-42 um
wide; isthmus 12-13 pm wide; subhexagonal, elongate,
sinus narrow, linear, semi cells are trapeziform in outline
with concave lateral sides and apex, truncate-pyramidal
with rounded basal and upper angles.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, France,
Germany, lIreland, Italy, Latvia, Spain, Ukraine; North
America: Florida, Newfoundland, Québec; South
America: Brazil; South-west Asia: India, Pakistan; Asia:
Japan, Russia.

Occurrence: It was determined in Antalya basin
(Diiden Lake).

Cosmarium pseudowembaerense Kouwets 1998 (Fig. 2i)

Synonym: -

Description: Cells 12-18 pm long, 10-17 pm wide.
Cells about as long as broad or a little longer, with a deep,
linear sinus, closed for the greater part. Semi cells about
hexagonal with broadly rounded angles and straight to

slightly concave lateral sides, oval-elliptic in apical view.
Apex is distinctly concave. Cell wall is smooth.

Ecology: This is a freshwater species.

Distribution: Europe: Czech Republic, France,
Germany, Netherlands; South America: Brazil.

Occurrence: It was determined in Bati Akdeniz
(Avlan Lake) and Firat-Dicle basins (Kalecik Reservoir).

Cosmarium quinarium Lundell 1871 (Fig. 2j)
Synonym: -

F. Marashoglu et al.

Description: Cells 30-39 um wide, 36-48 um long,
sinus deep, narrow, linear. Trapeziform semi cells with
broadly rounded angles and slightly convex sides being
marked with distant granules.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, France,
Germany, Ireland, Latvia, Netherlands, Scandinavia,
Slovakia, Sweden, Ukraine; North America: Florida,
Québec; South America: Brazil; South-west Asia:
Bangladesh, India, Pakistan; South-east Asia: Thailand;
Asia: Japan, Russia, Russia (Far East), Taiwan.

Occurrence: It was determined in Sakarya basin
(Avdan Lake).

Cosmarium sphagnicola West & West 1897 (Fig. 2k)
Synonym: -

Description: Cells 9-13 pum long, 10-14 pm wide.
Cells very small, roughly as long as they are wide. Half-
cells elongated hexagonal with rounded corners and
abroad, flat or slightly concave apex. Apical views
elliptical, half-cells in a lateral view broadly oval or
almost circular.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, Czech
Republic, France, Germany, Hungary, Ireland, Italy,
Latvia, Netherlands, Portugal, Romania, Scandinavia,
Spain, Ukraine; North America: Québec; South America:
Brazil; Asia: Russia, Russia (Far East); Australia and New
Zealand: New Zealand.

Occurrence: It has been detected in the Bat1 Akdeniz
basin (Girdev Lake).

Cosmarium subadoxum Grénblad 2007 (Fig. 2I)
Synonym: -

Description: Cell 8-11 um long, 8-11 um wide. Cells
about as long as broad with a deep, linear sinus, closed for
the greater part. Semi cells in outline rectangular with
convex lateral sides. Semi cells in apical view elliptic with
a small, median tubercle on either side.

Ecology: This is a freshwater species.

Distribution: Europe: Czech Republic, France,
Netherlands; South America: Brazil.

Occurrence: It was determined in Sakarya (Poyrazlar
Lake), Firat-Dicle (Kapiagmaz Pond, Hasancik Pond),
and Asi basins (Yarseli Reservoir, Ugpinar Pond).

Cosmarium subgranatum (Nordst.) Liitkem. 1902 (Fig. 2m)

Synonym: -

Description: Cells 20-34 pm long, 15-25 um wide.
Cells longer than broad with a deep, linear sinus, closed
for the greater part. Semi cells in rough outline pyramidal
with lateral sides and undulations of the magrin are pretty



New records from Charophyta in Turkey

irregular. Apical view ellipsoid with median inflation.
Cell wall smooth.

Ecology: This is a freshwater species and common in
meso-eutrophic water bodies, both acidic and alkaline.

Distribution: Arctic: Ellesmere Island; Europe:
Britain, Czech Republic, France, Georgia, Germany,
Hungary, Ireland, Italy, Netherlands, Romania, Serbia,
Slovakia, Slovenia, Ukraine; North America: Northwest
Territories, Québec; Caribbean Islands: Cuba; South
America: Brazil; Middle East: Iraq; Asia: Myanmar; Asia:
China, Russia (Far East), Taiwan, Tajikistan; Australia
and New Zealand: New Zealand; Pacific Islands:
Hawaiian Islands.

Occurrence: It was determined in Sakarya basin
(Avdan Lake).

Cosmarium subquadrans West & West 1905 (Fig. 2n)
Synonym: -

Description: Cells small, 11-12.5 pm long, 12-15 um
wide, isthmus 3.5-4 um wide, semi cells in front view
transversely oblong, apex broad, truncate or slightly
convex, semi cells in lateral view subcircular; vertical
view fusiform-elliptic; cell wall smooth.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, Czech
Republic, Germany, Ireland, Italy, Netherlands, Ukraine;
Asia: China, Japan, Russia, Tajikistan.

Occurrence: It was determined in Asi basin (Yarseli
Reservoir, Ugpinar Pond).

Cosmarium subguadrans var. minus Symoens 1873
(Fig. 20)
Synonym: -

Description: Cells 12-13 pm long, 16-18 pm wide.
Cells broader than long, in outline oval with a deep, linear
sinus, closed for the greater part. Semi cells entire with
broadly rounded angles, in apical view fusiform to
rhomboid. Cell wall smooth.

Ecology: This is a freshwater species.

Distribution: Europe: Czech Republic, Germany,
Ireland, Netherlands.

Occurrence: It was determined in Sakarya basin
(Sapanca Lake).

Cosmarium tetrachondrum Lundell 1871 (Fig. 2p)
Synonym: -

Description: Cell 20-23 pum long, 23-27 um wide.
Cells broader than long with a deep, linear sinus, closed
for the greater part. Semi cells in outline low-trapeziform
with broadly rounded angles. Apical view ellipsoid.

Ecology: This is a freshwater species.
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Distribution: Europe: Britain, Czech Republic,
France, Germany, Ireland, Latvia, Netherlands, Ukraine.
Asia: Japan, Russia.

Occurrence: It was determined in Bat1 Akdeniz basin
(Girdev Lake).

Genus Desmidium C. Agardh

Desmidium aptogonum Bréb. 1849 (Fig. 3a)
Synonym: -

Description: Cells 21-31 pm wide, 13-19 um long,
moderately constricted with an acute, open sinus; isthmus
15-24.5 um wide; semi cells transversely oblong, lateral
margins are slightly concave then converging to the apex.

Ecology: This is a freshwater species.

Distribution: Europe: Britain, Czech Republic,
Finland, France, Georgia, Germany, Ireland, Italy,
Netherlands, Portugal, Scandinavia, Slovenia, Spain,
Sweden, Ukraine; North America: Florida, Maryland,
New York, Québec, Wisconsin; Caribbean Islands: Cuba;
South America: Brazil, Uruguay; Middle East: Irag;
South-west Asia: Bangladesh; India, Pakistan; South-east
Asia: Myanmar, Thailand; Asia: China, Japan, Russia (Far
East), Tajikistan; Australia and New Zealand: New South
Wales, New Zealand, Northern Territory, Queensland,
Victoria; Pacific Islands: Hawaiian Islands.

Occurrence: It was determined in Biiyilk Menderes
basin (Karakuyu Reeds).

Genus Euastrum Ehrenb.
Euastrum lacustre (Messik.) Coesel 1984 (Fig. 3b)
Synonym: -
Description: Cells 28-48 pum long, 26-46 pm wide,
isthmus 9-10 pm wide. Cells medium-sized, sinus narrow

linear with dilated apex, semi cells nearly quadrangular,
cell wall smooth.

Ecology: This is a freshwater species.
Distribution: Europe: Britain, France, Netherlands.

Occurrence: It was determined in Kizilirmak basin
(Hafik Lake).

Genus Groenbladia Teiling
Groenbladia undulata (Nordst.) Kurt Forst. 1973 (Fig. 3c)
Synonym: Hyalotheca undulata Nordst.
Description: Cells 10-17.5 um long, 6-9 um wide,
more or less dumbbell-shaped, shallow median

indentation; isthmus 4.5-7.5 pm wide, filaments
sometimes in a mucilage sheath.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, France,
Germany, Ireland, Scandinavia, Spain; North America:
Arkansas, Maine, Québec; Caribbean Islands: Cuba;
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South America: Brazil; South-west Asia: Bangladesh;
Australia and New Zealand: Northern Territory.

Occurrence: It was determined in Sakarya basin
(Akgol 1 Lake).

Genus Micrasterias Agardh
Micrasterias furcata Agardh 1848 (Fig. 3d)
Synonym: -

Description: Cells 150 uym long, 130 um wide,
isthmus 17-20 um wide, cells are elliptical in outline with
narrowly opened deep sinus. Semi cells with well-
developed lateral lobes. The cell wall is smooth.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, Czech
Republic, France, Germany, Ireland, Italy, Netherlands,
Romania, Spain, Ukraine; North America: Arkansas,
Maine, Québec, Wisconsin; Caribbean lIslands: Cuba;
South America: Brazil, Uruguay; Middle East: Iraq;
Asia: Russia (Far East); Australia and New Zealand:
Victoria.

Occurrence: It was determined in Sakarya basin (Isik
Dag1 Karagol Lake).

Genus Spondylosium Bréb.
Spondylosium panduriforme (Heimerl) Teiling 1957
(Fig. 3e)
Synonym: Cosmarium
panduriforme (Heimerl) Schmidle

moniliforme var.

Description: Cells 36-42 um long, 21-22 pum broad,
isthmus 13.2-14 um. Semi cells circular; apex broadly
rounded; cell wall finely punctate. This species is
characterized by a copious mucilaginous envelope,
enclosing the complete cell body.

Ecology: This is a freshwater species.

Distribution: Europe: France, Germany, Ireland,
Italy, Netherlands, Ukraine; South America: Argentina,
Brazil, Uruguay; South-west Asia: Bangladesh; Asia:
Russia (Far East); Australia and New Zealand: New
South Wales, New Zealand.

Occurence: It was determined in the Firat-Dicle basin
(Kapiagmaz Pond).

Genus Staurastrum Meyen

Staurastrum pingue var. planctonicum (Teiling) Coesel
& Meersters 2013 (Fig. 3f)

Synonym: Staurastrum planctonicum Teiling
Description: Cells 3 radiate, 70-95 pm wide, 57-65 um
long with processes, isthmus 9-13 pm wide; lower part of

semi cells elongate, cup-shaped flaring upwards into long,
slightly divergent, curved processes, walls smooth.

Ecology: This is a freshwater species.
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Distribution: Europe: Bulgaria; Africa: Democratic
Republic of Congo.

Occurrence: It was determined in Sakarya (Sapanca
Lake, Uglerkayasi Pond) and Firat-Dicle basins
(Palanddken Pond, Otlukbeli Pond).

Staurastrum muticum f. minus Rabenh. 1868 (Fig. 3g)
Synonym: -

Description: Cells 21-22 um long, 19-21 pm wide,
isthmus 7-8 pm. Cells medium-sized, very slightly
longer than broad, semi cells narrowly elliptic oval, in
vertical view cells triangular, narrowly rounded at the
angles, cell wall finely and densely punctate.

Ecology: This is a freshwater species.

Distribution: Europe: Ireland, Netherlands; North
America: Québec; South America: Argentina; South-west
Asia: India; Australia and New Zealand: Northern
Territory.

Occurrence: It was determined in Firat-Dicle basin
(Dedeyolu Pond).

Staurastrum striatum (West & West) Ruzicka 1957
(Fig. 3h)

Synonym: -

Description: Cells 25-35 um long, 24-36 pm wide.
Cells about as long as broad, deeply constricted. Sinus is
widely open, acute-angled. Semi cells (sub) rhomboid
with rounded, or rounded-truncate lateral angles. Semi
cells in apical view 3-angular with slightly concave sides
and rounded, or rounded-truncate angles.

Ecology: This is a freshwater species.

Distribution: Europe: Czech Republic, France,
Germany, Netherlands, Romania, Serbia; Australia and
New Zealand: New South Wales.

Occurrence: It was determined in Bat1 Akdeniz basin
(Avlan Lake).

Staurastrum teliferum Ralfs 1848 (Fig. 3i)
Synonym: -

Description: Cells 3-radiate, 40-64 pm wide, 32-56
pm long excluding spines, deeply constricted with an
open sinus, isthmus 8-10 um wide; semi cells elliptical
with broadly rounded angles.

Ecology: This is a freshwater species.

Distribution: Europe: Andorra, Austria, Baltic Sea,
Britain, Czech Republic, France, Georgia, Germany,
Hungary, lIreland, Italy, Latvia, Netherlands, Portugal,
Romania, Scandinavia, Serbia, Slovakia, Slovenia, Spain,
Ukraine; North America: Northwest Territories, Québec;
South America: Brazil, Uruguay; Africa: Zaire; Middle
East: Iraq; South-west Asia: India; Asia: China, Japan,
Taiwan.
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Occurrence: It was determined in Coruh basin (Cil
Lake).

Staurastrum trilobulatum Diirrschm. (Fig. 3j)

Synonym: -

Description: Cells 1.1-1.4 times longer than wide, 13-
26 um wide, 18-31 um long, isthmus 5-8 pum; median
constriction deep, sinus closed; semi cells subtrapezoidal
and 3-lobed, with truncate basal lobes and apex,
rectangular basal angles and apical slightly rounded; semi
cells elliptic in apical and lateral view, cell wall smooth
or finely punctate.

Ecology: This is a freshwater species.

Distribution: No record was found regarding the
distribution range of this taxon.

Occurrence: It was determined in Yesilirmak basin
(Uyuz Lake).

Genus Staurodesmus Teiling
Staurodesmus triangularis var. brevispina (Allorge &
Allorge) Coesel & Meesters 2013 (Fig. 3k)

Synonym: -

Description: Cells mostly biradiate, rarely triradiate,
19-25 um long, 19-25 um wide (excluding spines). Isthmus
short, 5-7 um wide. This species is characterized by
biradiate cells, relatively short spines, and ‘elevated’ apices.
Spinesshorter than 2/3 breadth of the semi cell body.
Lateral sides of semi cell body straight to slightly convex.

Ecology: This is a freshwater species.

Distribution: No record was found regarding the
distribution range of this taxon.

Occurrence: It was determined in Sakarya basin (Isik
Dag1 Karaggl Lake).

Genus Teilingia Bourr.

Species: Teilingia quadrispinata f. evoluta (A.M.Scott &
Gronblad) Pal.-Mordv. (Fig. 3m)

Synonym: Sphaerozosma quadrispinatum f. evolutum
A.M.Scott & Gronblad

Description: Cells 7.5-10.7 pmlong, 8.7-11.5um
wide, istmus 4.1-5.7 um.

Ecology: This is a freshwater species.
Distribution: North America: Florida, Asia: Russia.

Occurrence: It was determined in Bat1 Akdeniz basin
(Girdev Lake).
Family Closteriaceae
Genus Closterium Nitzsch

Closterium dianae var. rectius (Norst.) De Toni 1977
(Fig. 3n)
Synonym: -
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Description: Cells 150-380 pm long, 8-16 um wide.
Cells approximately 8-15 times as long as wide, evenly
slightly to strongly curved, cell wall always smooth,
without girdles.

Ecology: This is a freshwater species.

Distribution: Europe: Czech Republic, Germany,
Netherlands.

Occurrence: It was determined in Akarcay basin
(Eber Lake).

Closterium pygmaeum Gutw. 1890 (Fig. 30)
Synonym: -

Description: Cells 57 um long and 5.3 pm wide,
slightly curved, gradually attenuated toward the apex
which is rounded; cell wall smooth, cells contain two
pyrenoids in half part of the cell.

Ecology: This is a freshwater species.

Distribution: Europe: Austria, Britain, France,
Germany, Netherlands, Scandinavia, Spain, Ukraine;
South America: Brazil; Australia and New Zealand: New
South Wales, Tasmania.

Occurrence: It was determined in Sakarya basin
(Avdan Lake).

Order Zygnematales
Family Zygnemataceae
Genus Spirogyra Link

Spirogyra decimina var. elongata (Vaucher) Petlovany
2015 (Fig. 3I)

Synonym: Spirogyra elongata (Vaucher) Dumortier

Description: Cells 45-280 pm long, 26-38 um wide,
chloroplast single, making 2-5 turns of cell; conjugation
ladder-like and lateral, conjugation scalariform; median
wall smooth, thick with a wavy suture line.

Ecology: This is a freshwater species.

Distribution: Europe: Britain, Georgia, Germany,
Ireland; Latvia, Netherlands, Romania, Russia (Europe),
Slovakia, Slovenia, Spain; North America: California,
Laurentian Great Lakes, Québec; South America:
Argentina, Brazil; Middle East: Iraq, Turkey; South-west
Asia: India, Asia: China, Japan, Tajikistan; Australia and
New Zealand: New South Wales, New Zealand,
Queensland, South Australia.

Occurrence: It was determined in Antalya basin
(Egirdir Lake).

Discussion

A total of 158 taxa from Charophyta were determined
in the study conducted from 2017 to 2019 in 25 river
basins of Turkey. Of these 31 taxa represent new records
for the freshwater algal flora of Turkey. They belong to
genera Cosmarium (15), Staurastrum (5), Closterium (2),
Actinotaenium (1), Desmidium (1), Eastrum (1),
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Groenbladia (1), Micrasterias (1), Spirogyra (1),
Spondylosium (1), Staurodesmus (1), and Teilingia (1).

Although some of the Charophyta taxa (Elakatothrix
gelatinosa, Staurastrum tetracerum, Cosmarium laeve,
Staurastrum cingulum, Closterium aciculare,
Staurastrum  gracile, Cosmarium  neodepressum,
Staurastrum chaetoceras, Closterium acutum var.
variabile, Closterium littorale) found to have a wide
distribution in 25 river basins of Turkey, most of the
charophyta taxa (115 taxa) found to have rare distribution
and were only observed in 1 or 2 lakes in 25 river basins.
Besides, all of 31 new records have a rare distribution
range except Cosmarium subadoxum and Staurastrum
pingue var. Planctonicum. Elakatothrix gelatinosa has the
highest distribution rate with its occurrence in 29 lakes,
among the member of Charophyta.

There is no direct correlation between the number of
lakes sampled in the basins and the number of species
found. Despite sampling 23 lakes in Kizilirmak basin,
only 15 Charophyta taxa were found in Kizilirmak basin,
and only 6 Charophyta taxa were found in Ceyhan basin
despite 18 sampling lakes. However, 42 Charophyta taxa
were found in Bati Akdeniz where only 13 lakes were
studied and 27 Charophyta taxa were found in Antalya
basin where only 9 lakes were studied.

Basin-based distributions of Charophyta members
identified in this study were as below: 50 taxa in Sakarya,
42 in Bat1 Akdeniz, 27 in Antalya, 26 in Konya, 21 in
Firat-Dicle, 17 in Coruh, 15 in Kizilrmak, 13 in
Yesilirmak, Susurluk, Asi, 12 in Meri¢ Ergene, 10 in
Kuzey Ege, 9 in Gediz, Akarcay, Biiyiik Menderes, 6 in
Ceyhan, Dogu Akdeniz, 4 in Seyhan, Kii¢iik Menderes,
and 3 in Bat1 Karadeniz, Dogu Karadeniz, Marmara, Van
Goli, Aras basins. The Burdur basin is the only basin that
no Charophyta species were found. The reason for this is
that high salinity in Ac1 Lake, high pH in Salda Lake and
higher eutrophic features in Burdur and Karatas Lakes.
Thus, Desmids, which are sensitive species, were not
found in the lakes of Burdur basin. The highest
Charophyta diversity was observed in Girdev Lake (Bati
Akdeniz basin) and Isik Dagi Karagol Lake (Sakarya
basin) among the lakes of Turkey’s 25 river basins in this
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study. The moderate ecological status in both lakes proves
that desmids are mostly appear in uncontaminated waters.

Charophytes are commonly found in freshwater
habitats such as ponds and streams, and few species are
found in brackish waters (Adl et al. 2005). Most of the
species are known from the temperate zone, but they also
tolerate polar conditions (Gabka 2007, Boszke & Bociag
2008). Desmidales, as an important ordo in Charophyta,
are mostly planktonic organisms that very sensitive to
environmental changes, and eutrophic conditions do not
contain ideal growth conditions for these group members
(Davis 1955, Edmondson 1959, Gayathri et al. 2011).
They occur typically in clean standing waters such as
lakes, ponds or shallow pools. The highest diversity is
found in mesotrophic, slightly acidic to slightly alkaline
water bodies like fen hollows or moorland pools where
desmids are among the dominant groups of the
phytobenthos, both in terms of species richness and
biomass (Coesel & Meesters 2007). Desmids are not
merely one of the main freshwater microalgae groups that
occur in high mountain lakes biotopes in Turkey, but they
also inhabit microhabitats with oligotrophic conditions
characterized by relatively acidic to weakly alkaline
waters with low conductivity (Sahin & Akar 2019). In this
study, only the Spirogyra decimina var. elongata was
identified from the Zygnematales order. Spirogyra
species were found in freshwater habitats under
moderately eutrophic or mesotrophic conditions (Novis
2004, Stancheva et al. 2013, Sherwood et al. 2018). They
mostly occurr in benthos (Volkova et al. 2018) but they
can also be found in plankton (Kravtsova et al. 2020).

In conclusion, 31 new records were added to the
freshwater algal flora of Turkey within this study. 13 of
these newly recorded taxa belong to the Charophyta
group, which are widely distributed in different parts of
the world and 18 taxa are rarely distributed. When the
current new records of this study were added to the
previous Turkish algae list of Tagkin et al. (2019) and the
database of Turkish algae (Maraslioglu & Goniilol 2021)
which is formed by screening a large number of studies
on Turkish algae, it can be concluded that there is nearly
around 450 Charophyta species in Turkish freshwaters.
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Fig. 2. Microscopic view of determined Desmidiales species; a) Actinotaenium wollei, b) Cosmarium brebissonii, ¢) Cosmarium
contractum var. rotundatum, d) Cosmarium distentum, e) Cosmarium humile var. substriatum, f) Cosmarium impressulum var.
crenulatum, g) Cosmarium mamilliferum var. madagascariense, h) Cosmarium nymannianum, i) Cosmarium pseudowembaerense, j)
Cosmarium quinarium, k) Cosmarium sphagnicola, 1) Cosmarium subadoxum, m) Cosmarium subgranatum, n) Cosmarium
subquadrans, 0) Cosmarium subquadrans var. minus, p) Cosmarium tetrachondrum. Scales 10 pm.
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Fig. 3. Microscopic wiew of determined Desmidiales and Zygnematales species; a) Desmidium aptogonum, b) Euastrum lacustre, c)
Groenbladia undulata, d) Micrasterias furcata, €) Spondylosium panduriforme, f) Staurastrum pingue var. planctonicum, g)
Staurastrum muticum f. minus, h) Staurastrum striatum, i) Staurastrum teliferum, j) Staurastrum trilobulatum, k) Staurodesmus
triangularis var. brevispina, ) Spirogyra decimina var. elongata m) Teilingia quadrispinata f. evoluta, n) Closterium dianae var.
rectius, 0) Closterium pygmaeum. Scales 10 um.
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Introduction

Abstract: Diabetes mellitus is an important health problem worldwide due to its frequency
and complications. In this study, the protective effect of quercetin on the apoptotic changes
of rat kidney in the early stages of diabetes induced by streptozotocin (STZ) was evaluated.
Rats are divided into 3 groups as control, diabetic and diabetic+quercetin groups. STZ was
applied as a single dose of 50 mg/kg intraperitoneal (i.p.) to diabetic and diabetic+quercetin
groups. Quercetin was given at 30 mg/kg i.p. once a day for 15 days, 48 hours after induction
of diabetes. At the end of quercetin treatment, all animals were sacrificed and kidneys were
harvested and weighed. The terminal deoxynucleotidyl transferase-mediated dUTP nick end-
labeling assay (TUNEL) for apoptosis was performed and evaluated renal histopathology.
The induction of diabetes via STZ caused a significant increase in blood glucose levels, the
index of glomerulosclerosis, the histopathologic score, the number of TUNEL positive
tubular and glomerular cells. Quercetin treatment lowered blood glucose levels, prevented
renal cell apoptotic changes and histopathological alterations in diabetic rat kidney.

The findings of the study suggested that quercetin may be useful in preventing diabetic
nephropathy by regulating renal apoptotic changes that occur in the early stages of diabetes.

Ozet: Diabetes mellitus, sikligi ve komplikasyonlart nedeniyle diinya ¢apinda énemli bir
saglik sorunudur. Bu ¢alismada, streptozotosin (STZ) ile olusturulan diyabetin erken
evrelerinde bobrek dokusunda meydana gelen apoptotik degisiklikler iizerine quercetinin
koruyucu etkileri degerlendirildi.

Deneklerden kontrol, diyabetik ve diyabetik + quercetin gruplar1 olarak 3 grup olusturuldu.
Diyabetik ve diyabetik+quercetin gruplarina tek doz 50 mg/kg STZ intraperitoneal (i.p.)
olarak uygulandi. Quercetin, diyabet indiiksiyonundan 48 saat sonra 15 giin boyunca giinde
bir kez 30 mg/kg i.p. olarak verildi.

Quercetin tedavisinin sonunda tiim hayvanlar sakrifiye edildi ve bobrekler g¢ikartilarak,
tartildi. Bobrek dokularinda TUNEL (Terminal deoxynucleotidyl transferase-mediated dUTP
nick end-labeling) yontemi ile hiicre apoptozu ve ayrica histopatolojik degisiklikler
degerlendirildi.

STZ yoluyla diyabet indiiksiyonu, kan glukoz seviyelerinde, glomeriiloskleroz indeksinde,
histopatolojik skorda, TUNEL pozitif tiibiiler ve glomertiler hiicre sayisinda dnemli bir artisa
neden oldu. Quercetin tedavisi kan glukoz seviyelerini diisiirdii, renal hiicre apoptozunu ve
histopatolojik degisiklikleri azaltt1.

Bu ¢alismanin bulgulari, quercetinin, diyabetin erken evrelerinde meydana gelen bobrekteki
apoptotik degisiklikleri diizenleyerek diyabetik nefropati gelisimini Onlemede faydali
olabilecegini gostermektedir.

Diabetes mellitus (DM) is a metabolic disease, which
affects 8.3% of the world population on average and results
from the insufficiency and absence of insulin hormone
released from pancreatic beta (B) cells or the
unresponsiveness of insulin receptors (Cheisson et al. 2018,
American Diabetes Association 2019). Retinopathy,
nephropathy, neuropathy, and cardiomyopathy are the
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major complications associated with DM (American
Diabetes Association 2019).

Diabetic nephropathy (DN) is a chronic and complex
process in which the glomeruli are affected in their early
stage and is characterized by thickened glomerular
basement membrane (GBM), microalbuminuria,
hypertrophy, and  subsequent  development of
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glomerulosclerosis, tubular atrophy, and interstitial
fibrosis (Ichinose et al. 2007). Hyperglycemia, insulin
resistance, inflammation, oxidative stress, apoptosis, and
the activation of the renin-angiotensin system (RAS) are
very important in the pathogenesis of DN (Mori et al.
2014). It has been demonstrated that hyperglycemia
induces oxidative stress and facilitates tissue damage by
increasing the number of reactive oxygen species (ROS)
and reducing the protective antioxidant capacity (Vural et
al. 2001, Bhathena & Velasquez 2002). It has been
reported that high glucose concentration is very important
in the development of tubular atrophy and glomerular
damage by causing both podocyte and renal tubule cell
apoptosis (Gilbert & Cooper 1999, Susztak et al. 2006,
Chuang et al. 2007). However, in the early or late stages
of DN, it has been shown that proliferative changes occur
in the endothelial, mesangial, and interstitial cells of the
kidney and that these affect different fibrotic processes (Li
et al. 2003).

Quercetin has antioxidant, anti-apoptotic and anti-
inflammatory effects. It is a flavonoid that is found in
various vegetables and fruits (Anjaneyulu & Chopra
2004, Harwood et al. 2007, Al-Rasheed et al. 2017).
Previous studies have reported that quercetin plays a
protective role in experimentally induced-DN by
inhibiting oxidative damage (Anjaneyulu & Chopra 2004,
Gomes et al. 2014, Lin et al. 2016). However, there are
limited number of studies evaluating the relationship of
quercetin with apoptosis, which is an important factor in
DN (Zhou et al. 2012, Gomes et al. 2014, Lin et al. 20186,
Tungdemir et al. 2018). For this reason, in this study, we
evaluated the effect of quercetin on apoptotic changes of
rat kidney in the early stages of diabetes induced by
streptozotocin (STZ).

Materials and Methods

Ethical approval and animals

The design of the study was approved by the Ethical
Committee of Trakya University (TUHADYEK 2017/15).
Twenty-four male Wistar albino rats (3-4 months old,
weighing 300-370 g) were used in the study. Rats were kept
in special conditions (22 = 1°C temperature, 12 h light:12 h
dark cycle, access to free food and water) in Experimental
Animal Center of Trakya University. Subjects were divided
into three groups as control, diabetic and
diabetic+quercetin, each containing 8 rats.

Experimental protocol

Baseline fasting blood glucose (FBG) levels of the
subjects were measured after 12 hours of fasting. This
measurement was made weekly on blood samples taken
from the tail using a glucometer (IME-DC, Hof, Germany).
At the beginning of the study, the body weights (Bw) and
FBG levels of animals were recorded. For the diabetes
induction, the diabetic and diabetic+quercetin groups were
given intraperitoneally (i.p.) a single dose of 50 mg/kg STZ
(Sigma Aldrich, Taufkirchen, Germany) dissolved in a 0.1
M citrate buffer (Ali et al. 2017). Fourthy-eight hours after
administration of STZ, diabetes was confirmed by
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measuring FBG levels > 250 mg/dl (Kushwaha & Jena
2012).

After 48 hours of diabetes induction, 30 mg/kg i.p.
quercetin (Alfa Aesar, Ward Hill, Massachusetts, USA)
dissolved in dimethylsulfoxide (DMSO) (Merck
Millipore, USA) were given to animals of quercetin-
treated group daily for 15 days. Control animals were
treated with 1 ml/kg DMSO (vehicle of quercetin) in the
same way. The doses of quercetin were selected based on
previous studies (Yang & Kang 2018). At the termination
of the quercetin treatment, after recording final body
weights and blood glucose levels, all animals were
sacrificed under xylazine/ketamine anesthesia, and their
kidneys were harvested and weighed. The right and left
kidneys were weighed and the mean kidney weight (Kw)
for each rat was calculated. To reveal the profile of renal
hypertrophy, the ratio between kidney and body weight
(Kw/Bw) was calculated (Liu et al. 2003).

Light microscopy

Kidneys fixed in 10% formalin were processed with
the standard paraffin embedding method. Sections of 5
um thickness were stained with hematoxylin-eosin (H&E)
and Periodic Acid Schiff (PAS).

Light microscopic analyses were done in randomly
selected areas from the medulla and cortex in each kidney
section. The evaluations were carried out by blind observers
at 200x magnifications. Acute kidney injury including
interstitial fibrosis, tubular, and glomerular alterations were
semiquantitatively graded (0: normal, 1: mild, 2: moderate
and 3: severe). Additionally, 100 glomeruli for each subject
were evaluated for sclerosis under 400 magnification on the
sections stained with PAS. Glomerulosclerotic injury was
graded on a scale of 0 to 4 and the sclerosis index was
calculated (Saito et al. 1987).

For 30 glomeruli in PAS-stained section of each rat,
the greatest and the smallest diameters of each glomeruli
were measured using a micrometric ocular and the
average diameters of the glomeruli were calculated.

Terminal _ deoxynucleotidyl transferase-mediated
dUTP nick end labeling (TUNEL) assay

Renal cell apoptosis was evaluated by the TUNEL
method using the ApopTag Plus Peroxidase in situ
Apoptosis Detection Kit (S7101, Merck Millipore,
Massachusetts, USA) as described by the manufacturer.
To determine the apoptosis, tubular epithelial and
glomerular cells on the randomly selected 30 glomeruli
were counted in 20 fields/section using a light microscope
by blinded observation at 200x. The TUNEL positive
tubular and glomerular cells, whose nuclei were stained
dark brown, were counted.

Statistical analysis

The results were expressed as means + SD or median
(minimum — maximum). Whether the numerical variables
were normally distributed was evaluated using the One-
sample Kolmogorov-Smirnov test. For the control, diabetic
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and diabetic+quercetin group comparisons, the One-way
ANOVA test was used if the numeric variables that were
normally distributed and the Kruskal Wallis test if the
variable that were not normally distributed. p<0.05 was
considered statistically significant. Statistical analyses were
performed using SPSS 20.0 program (IBM SPSS Statistics
for Windows, Version 20.0. Armonk, NY: IBM Corp.).

Results

Blood glucose levels

After 48 h of STZ injection, as indication of diabetes,
FBG levels in all animals significantly increased
compared with the control animals (p<0.05). At the end
of the study, FBG levels in the quercetin-treated animals
were significantly lowered than the untreated diabetic
animals (p<0.05) (Fig. 1).

Blood Glucose Levels (mg/dL)
@nitial @Final

600 a
500
400
300
200
100

I

Control Diabetic

Diabetic+Quercetin

Fig. 1. The mean blood glucose levels (mg/dL) of all groups. 2
p<0.05 Compared to the control group, ® p<0.05 Compared to
the diabetic group.

Body and kidney weights

The changes in initial and final Bw for all groups are
shown in Table 1. Diabetes caused a reduction in body
weight. The initial body weights were similar in all groups,
whereas, at the end of the experimental period, there was a
marked weight loss in the diabetic and diabetic+quercetin
groups. Weight loss was more pronounced, especially in
the diabetic groups. Although the body weight loss of the
quercetin treated group was less compared to the diabetes
group, there was no statistically significant difference
between the two groups (p=0.074).

There was no significant difference in the mean Kw
among the groups (Table 1). To determine kidney
hypertrophy, we calculated the Kw/Bw ratio (Table 1).
All diabetic subjects had significantly higher Kw/Bw
ratios compared to control. The highest ratio was
determined in the diabetic group (Table 1).

Histopathological findings

The kidney morphologies of the control group were
seen as normal (Fig. 2A, D). STZ-mediated diabetes
caused severe glomerular and tubular alterations.
Hypertrophic glomeruli causing narrowing in Bowman
space were observed in the kidney of the untreated
diabetic group (Figs 2B, E). The sclerotic injuries
including GBM thickening, glomerular capillary
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collapse and mesangial matrix enlargement were
determined in PAS-stained kidney section in this group
(Fig. 2E). The tubular dilatation, thickening of the
basement membrane, epithelial desquamation, and
microvilli loss were observed in the kidney sections of
this group (Figs 2B, E and inset). Additionally, the
tubular  vacuolation characterized by glycogen
accumulation (PAS-positive) in the cytoplasm was detected
in diabetic rat kidney (Figs 2B, E, and inset). In light of
these findings, the kidney damage score, glomerular size,
and the sclerosis index of the diabetic group were
significantly higher (Table 2). In the quercetin-treated
group, STZ-mediated renal structural alterations were
reduced (Figs 2C, F), and in parallel, the tissue damage
score, sclerosis index and glomerular size in this group was
also significantly decreased (Table 2).

TUNEL assay

In the kidneys of the control groups rats, very few
apoptotic cells were observed (Figs 3A, B). Diabetes
induction with STZ resulted in a significant increase in both
tubular epithelial and glomerular cell apoptosis (Table 2).
TUNEL positive cells were detected mainly in dilated and
damaged tubuli and some glomeruli. Glomerular apoptotic
cells were observed to be podocytes due to their
localization and size (Figs 3C, D). In the quercetin-treated
group, the apoptotic tubular and glomerular cell numbers
were significantly decreased compared with the untreated

Fig 2. Photomicrographs illustrate morphological changes in rat
kidney sections stained with hematoxylin eosin (A, B, C, 200x)
and Periodic Acid Schiff (D, E and Inset, F, 400x): Control
group (A, D), Diabetic group (B, E), Diabetic+quercetin group
(C, F). Arrowheads: tubular dilatation, black arrows: glycogenic
vacuolation (glycogen accumulation), asteriks: brush border
loss, white arrows: degenere glomeruli enlarged mesangial
matrix and narrowed Bowman space.
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Table 1. Body weight and kidney weight of the subjects.
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Control Diabetic Group Diabetic+Quercetin Group p
Initial Bw 336.17 £22.13 330+ 25.93 327.50 £ 18.91 0.793
Final Bw 352.33 £19.98 231.50 +£38.912 269.67 +£25.97° <0.001
Bw difference 16.50 +£23.90 -98.50 £ 28.362 -57.83 +35.19P <0.001
Mean Kw 1.35+0.19 1.46 £0.18 1.37+£0.15 0.552
Kw/Bw (x10-%) 3.50+0.84 6.00 £0.89° 4.67 £0.52°¢ 0.002

Data were shown as mean + S.D. Bw: body weight, Kw: kidney weight. #p<0.001 Compared to the control group, ® p<0.01 Compared to the

control group, ¢ p<0.05 Compared to the diabetic group.

Table 2. The kidney damage score, sclerosis index, glomerular size and the number of TUNEL positive renal cells of all groups.

Control Diabetic Group Diabetic+Quercetin Group p
Kidney damage score 1(0-2) 5.5 (4-6) 2 3.0(3-4)® 0.001
Sclerosis index 0.2 (0.1-0.3) 1.4(1.3-1.6) 2 0.95 (0.9-1.0) <0.001
Glomerular size (um) 115.11 £1.25 135.53 £ 1.602 126.00 + 0.76 @ <0.001
TUNEL positive tubular cells 0.30 (0.1-0.5) 47.5 (42.5-65.0) @ 8.75 (6.5-17.5) @ <0.001
TUNEL positive glomerular cells 0.5 (0.3-0.5) 2.3(1.6-2.8)2 0.6 (0.6-0.7) @ <0.001

Data were shown as mean = S.D. or median (minimum — maximum). 2 p<0.05 compared to the control group, ° p<0.05 compared to the diabetic

group
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Fig. 3. Detection of apoptotic changes in diabetic rat kidney by
TUNEL method. Control group (A, B), Diabetic group (C, D),
Diabetic+quercetin group (E, F). Brown staining (arrows)
indicates TUNEL positive cells. (A, C, E 200%; B, D, F 400x%).

Discussion

In the pathogenesis of DN, hyperglycemia, insulin
resistance, inflammation, oxidative stress, apoptosis, and
RAS activation play an important role, besides genetic,
metabolic, and hemodynamic factors (Ichinose et al.
2007, Mori et al. 2014).

Our findings show that quercetin treatment decreases
blood glucose level and the kidney damage
(histopathological score and glomerulosclerosis index) by
regulating the renal cell apoptosis accompanying STZ-
mediated diabetic nephropathy. Although hyperglycemia
was observed in all diabetic animals from the 48" hour
following STZ injection until the end of the experiment,
quercetin treatment caused a significant decrease in high
blood glucose values. This effect of quercetin on blood
glucose levels is supported by previous studies (Vessal et
al. 2003, Gomes et al. 2014, Elbe et al. 2015, Roslan et
al. 2017, Tungdemir et al. 2018, Senyigit et al. 2019).
Vessal et al. (2003) reported that quercetin increased
insulin release by regenerating 3 cells of Langerhans islets
damaged by STZ in diabetic rats.

It is known that reduction of body weight occurs in
diabetic individuals (Andallu & Varadacharyulu 2003).
As shown in many studies (Kelly et al. 2002, Tun¢demir
& Ozturk 2008, Elbe et al. 2015), the body weights in
diabetic animals decreased significantly in our study.
However, literature information on the renal weight in
diabetes is controversial. Some studies reported that
kidney weights of diabetic animals increased together
with a glomerular enlargement (New et al. 1996,
Tungdemir & Ozturk 2008). However, it has been shown
that diabetes does not alter kidney weight (Kelly et al.
2002, Offor et al. 2019) or even decreases (Coldiron et al.
2002). Despite the increase in glomerular diameters in our
study, there was no statistically significant difference
between the groups in terms of kidney weights. Renal
hypertrophy is considered to be an indicator of structural
damage that occurs in diabetic nephropathy (Ziyadeh &
Goldfarb 1991). The ratio of "renal weight/body weight"
of the diabetic group increased as an indicator of
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hypertrophic changes in the kidney. As shown in other
DN studies (Vessal et al. 2003, Elbe et al. 2015), we
detected quercetin treatment prevented weight loss due to
diabetes, and significantly decreased the kidney
weight/body weight ratio and glomerular diameters.

DN is a chronic and complex process in which
glomeruli are affected at the early stage and is
characterized by tubular atrophy and interstitial fibrosis,
leading to a gradual reduction of renal function with the
development of glomerulosclerosis (Gilbert & Cooper
1999, Ichinose et al. 2007). It is known that
hyperglycemia causes oxidative stress and increased
oxidative stress in the diabetic kidney promotes apoptosis
(Vincent et al. 2004, Armagan et al. 2006). It has been
indicated that genes controlling apoptosis are affected in
hyperglycemic conditions and it contributes to the
development of diabetic nephropathy (Ortiz et al. 1997,
Bamri-Ezzine et al. 2003). It has been shown the role of
podocyte apoptosis in the glomerular injury, which is
critical at the beginning of DN, and also, importance of
the tubular cell apoptosis the in the tubular atrophy and
the progression of the disease (Gilbert & Cooper 1999,
Susztak et al. 2006, Chuang et al. 2007). Additionally, it
is known that high levels of ROS under hyperglycemic
conditions induce extracellular matrix (ECM) production
by activation of the TGF-p Smad signaling pathway in
various cells such as tubular epithelial cells, mesaengial
cells, vascular endothelial cells (Chen et al. 2001, Yasuda
et al.2001, Li et al.2003). The most prominent
histological change in diabetic kidneys is the enlargement
in mesangium as a result of excessive production and
deposition of ECM proteins such as collagen type 1V,
fibronectin, and laminin (Kolset et al. 2012). Similar to
other studies (Ichinose et al. 2007, Tungdemir & Ozturk
2008, Offor et al. 2019) GBM thickening, mesangial
matrix increase, Bowman distance constriction which is
mediated by glomerular enlargement with collapsed
luminal glomerular capillaries, were also detected in the
kidneys of the diabetes group in the present study. An
increase in the glomerular size and sclerotic index of the
diabetic group were observed as a result of these changes.
The histopathological findings obtained were consistent
with the results of other studies (Sanai et al. 2000,
Geoffroy et al. 2005, Giribabu et al. 2017). Previous
studies indicated that glomerulosclerotic changes
occurred in the early stages of DN and increased over time
(Tucker et al. 1991, Sanai et al. 2000). Although ECM
accumulation and GBM thickening are important
mechanisms in the pathogenesis of DN, studies show that
podocyte apoptosis caused by hyperglycemia also plays
an important role in the development of DN (Susztak et
al. 2006, Zhou et al. 2012). The decrease in the number
of podocytes is one of the main reasons for the onset
pathogenesis of DN (Wang et al. 2018). It has been
indicated that renal damage could be prevented by
reducing podocyte apoptosis in the early stage of DN
(Zhou et al. 2012). As a result of oxidative stress in DN,
the formation of advanced glycation end products (AGE)
is accelerated and apoptosis in podocytes is thought to
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occur with the accumulation of AGE. The contribution of
AGEs and their specific receptors (RAGE) to the
development of diabetic nephropathy is known. RAGE is
usually localized in podocytes and was shown to increase
in diabetes. RAGE activation increases the production of
ROS that mediates podocyte apoptosis due to
hyperglycemia in early-stage DN (Tan et al. 2007,
Chuang et al. 2007). Chuang et al. (2007) reported that
AGE and its receptors induce podocyte apoptosis. In our
study, the TUNEL analysis revealed an increased
podocyte apoptosis. Similarly, recent studies reported
increased podocyte apoptosis in the kidney of STZ-
induced diabetic rats (Zhou et al. 2012, Giribabu et al.
2017).

It has been stated that hyperglycemia and AGE
accumulated in cells play an important role in the
pathogenesis of the changes observed in the tubules in DN
(Tan et al. 2007). Bleyer et al. (1994) showed that tubular
cells can be directly damaged by hyperglycemia. The
excess glucose in the glomerular filtrate is reabsorbed in
the proximal tubules and further increases the effects of
hyperglycemia in the proximal tube. Exposure to high
glucose stimulates collagen synthesis by increasing TGF-
B release in tubular cells, thus leading to thickening of the
basement membrane (Nessar 2005). Similar to other
studies (New et al. 1996, Gilbert & Cooper 1999,
Tungdemir & Ozturk 2008, Offor et al. 2019), our study
showed that tubular changes associated with diabetes are
basal membrane thickening, glycogenic vacuolization in
epithelial cells, microvilli loss, and dilatation. We also
observed a significant increase in the number of TUNEL-
positive tubular cells in diabetic kidneys. It is known that
increased oxidative stress in the diabetic kidney due to the
formation of free radicals induced by hyperglycemia
promotes apoptosis and that apoptosis mediates the
development of DN (Allen et al. 2003). Bamri-Ezzine et
al. (2003) reported that glycogen accumulated in tubules
triggers apoptosis of epithelial cells which leads to tubular
atrophy. Consistent with the findings of the present study,
an increase in tubular epithelial cell apoptosis was
reported in diabetic kidney by the TUNEL method
(Tungdemir & Ozturk 2008, Ji et al. 2019).

The flavonoid quercetin we used in our study is
known to exhibit antioxidant, anti-inflammatory, and
antiapoptotic properties (Anjaneyulu & Chopra 2004,
Harwood et al. 2007, Roslan et al. 2017, Al-Rasheed et
al. 2017). Quercetin is also an antidiabetic compound
that targets hyperglycemia (Vessal et al. 2003). Senyigit
et al. (2019) reported that quercetin treatment
significantly reduces the progression of STZ-induced
hyperglycemia and oxidative stress in rats. During the
course of diabetes, it is known that excessive formation
of AGEs together with ROS increased by hyperglycemia
mediates the development of DN and AGE formation
decreases as a result of the use of flavonoid-containing
antioxidants (Kaur et al. 2017). Li et al. (2014) stated
that quercetin can capture methylglyoxal, a glucose
metabolite, thus preventing the formation of AGE.
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Previous studies reported that quercetin plays a
protective role in experimentally induced-DN by
inhibiting oxidative damage (Anjaneyulu & Chopra
2004, Gomes et al. 2014, Lin et al. 2016). According to
our current knowledge, there is a limited number of
studies assessing the effect of quercetin on renal
apoptotic changes induced by DN (Zhou et al. 2012,
Gomes et al. 2014, Lin et al. 2016, Tungdemir et al.
2018). Zhou et al. (2012) demonstrated that pretreatment
with the total flavone glycosides of Flos Abelmoschus
manihot could prevent renal damage and podocyte
apoptosis and thus decrease urinary albumin excretion in
early-stage DN. Gomes et al. (2014) reported that
quercetin treatment had beneficial effects on renal
function and structural changes and also decreased
oxidative stress and apoptosis in the kidney of STZ-
induced DN mice. A recent study indicated that
antiapoptotic effects of quercetin might be useful in
reducing STZ-mediated DN (Tun¢demir et al. 2018). Our
findings show that quercetin treatment decreases kidney
damage (histopathological score and sclerosis index) in
STZ-mediated diabetic rats by regulating renal tubular
and glomerular cell apoptosis and lowering blood glucose
levels. We think that this study may contribute to the
literature by emphasizing the effects of quercetin on
apoptotic changes and outlines a novel therapeutic
strategy for this flavonoid in the treatment of DN.
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Abstract: Tuber P. Micheli ex F.H. Wigg. species have always attracted people's attention,
with their high diversity, culinary and economic interest, strong aromas as well as the
importance of plant ecosystem and animal nutrition. Interest in truffle species has been
increasing in recent years in Turkey. Although some truffle species have been known
previously in Turkey, many species are yet to be identified. Tuber macrosporum Vittad.
samples were collected from Edirne and Tekirdag regions in 2017 in a field study conducted
to find new truffle species. Tuber macrosporum samples were firstly identified by macro and
microscopic features, and this result was supported as 99% by DNA analyses when compared
to GenBank.

A short description of the newly reported species is given along with its macro and
microphotographs, and spore images taken by a scanning electron microscope (SEM).
Additionally, ITS based evolutionary history of the species is provided with phylogenetic
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Truffle Ozet: Tuber P. Micheli ex F.H. Wigg. (triif) tiirleri, giiclii aromalari, gastronomik ve
Tuber macrosporum ekonomik Onemleri, yiiksek cesitlilikleri, bitki ekolojisi ve hayvan beslenmesinde olan
Turkey onemleri ile her zaman insanlarin ilgisini ¢ekmistir. Tiirkiye'de triif mantar tiirlerine olan ilgi

son yillarda artmaktadir. Tiirkiye'de daha dnce baz triif mantar tiirleri bilinmesine ragmen,
pek ¢ogu da heniiz tanimlanmamistir. Yeni triif mantari tiirlerinin bulunmasi amaciyla 2017
yilinda Edirne ve Tekirdag bolgelerinden Tuber macrosporum Vittad. drnekleri toplanmustir.
Tuber macrosporum ornekleri ilk olarak makro ve mikroskobik 6zellikleriyle tanimlanmig ve
bu sonug DNA analizleri ile GenBank'a gére % 99 olarak desteklenmistir.

Yeni rapor edilen tiiriin kisa bir tanimi, makro ve mikro fotograflar1 ve taramali elektron
mikroskobu (SEM) ile alinan spor goriintiileri ile birlikte verilmistir. Ek olarak, tiiriin ITS'e
dayal1 evrimsel ge¢misi filogenetik agagla verilmistir.

Introduction

Tuber P. Micheli ex F.H. Wigg. species outcome of its particular geographical location and

(Ascomycetes) are commonly referred to as ‘‘true
truffles”” and the other hypogeous truffles species in
Ascomycetes or Basidiomycetes are known as ‘‘false
truffles’. Truffles (Tuber spp.) make mycorrhizal
associations with trees within gymnosperms and
angiosperms. Several Tuber species, as in the case of T.
macrosporum Vittad. (the smooth black truffle), are
highly appreciated for their flavours. Due to the high sale
price and being a species in demand in the truffle market,
T. macrosporum is either sold mixed with T. eastivum
(Wulfen) Spreng. or T. aestivum is also sold as T.
macrosporum to amateur consumers.

Turkey can be characterized by different ecological
regions and floral and rich genetic diversity, as an
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structure. This biological richness is also pronounced for
mushrooms, as well as other organisms, and Turkey hosts
a large number of mushroom species. After the broad
cooperation of Turkish mycologists, A Checklist of the
Fungi of Turkey was published in 2020 (Sesli et al. 2020).
According to this checklist, a total of 5865 fungal taxa
including 2782 of Basidiomycota, 2728 of Ascomycota,
282 of Myxomycota, 2 of Chytridiomycota, 33 of
Oomycota, and 38 of Zygomycota have been listed in
Turkey. Truffle species are among the most preferred
mushrooms in Europe that provide economic income with
their unique aroma and taste. Some of the exclusive and
special restaurants in Europe specialize in truffle dishes
and are especially preferred. Aromatic fragrances from
truffle species are also evaluated for different purposes as
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oil with truffle, cheese with truffle, foods with truffle etc.
When considering the importance of truffle species in the
world and especially in Europe, to be a commercial
potential in Turkey is inevitable. Significant increases in
the number of truffle species and their distribution areas
in Turkey were revealed by taxonomic studies conducted
over the last decade, which led to a significant increase in
the number and distribution areas of truffle species.
Oztiirk et al. (1997), reported Tuber brumale Vittad. for
the first time from the Nigde province in Turkey in the
first taxonomic study performed on truffles. More
recently, T. borchii Vittad. was determined by Kaya
(2009) in Kahramanmaras. Tuber aestivum, T.
mesentericum Vittad. and T. nitidum Vittad. were
determined by Castellano & Tiirkoglu (2012) from
Denizli province. In the following years, studies on truffle
species in the country increased and more species were
reported from various parts of the country [T. aestivum
from Denizli, Konya (Gezer et al. 2014, Tiirkoglu et al.
2015, Alkan et al. 2018); T. borchii Vittad. from Aydin,
Denizli, Mugla, Samsun, Tekirdag (Gezer et al. 2014,
Elliot et al. 2016); T. brumale from Denizli, Nigde,
Osmaniye, Samsun (Tiirkoglu & Castellano 2014, Gezer
et al. 2014, Sen et al. 2016); T. excavatum Vittad. from
Artvin, Denizli, Trabzon (Tiirkoglu & Castellano 2014,
Sen et al. 2016, Uzun & Yakar 2018); T. fulgens Quél
from Kirklareli (Akata et al. 2020); T. mesentericum
Vittad. from Denizli (Tirkoglu & Castellano 2014); T.
nitidum Vittad. from Burdur, Kastamonu, Osmaniye
(Tirkoglu & Castellano 2014); T. rufum Pollini from
Antalya, Aydin, Bolu, Burdur, Denizli, Mugla,
Kastamonu, Konya, Osmaniye (Gezer et al. 2014,
Tiirkoglu & Castellano 2014, Tiirkoglu et al. 2015, Sen et
al. 2016); T. ferrugineum Vittad. from Antalya, Aydin,
Denizli, Mugla (Elliot et al. 2016, Sen et al. 2016); T.
puberulum Berk. & Broome from Denizli (Elliot et al.
2016)].

So far studies in Turkey reported the presence of 10
truffle species in the country, and with the present study,
T. macrosporum is added to the Turkish mycobiota as the
11" species.

Materials and Methods

Macro and microscopic study

Truffle samples were collected in Thrace region of
Turkey in 2017 with the help of specially trained dogs.
Their colour photographs were taken and brought to the
laboratory  for  microscopic  examinations.  The
photographs of the spores and the tissues were taken with
a Leica DM 3000 binocular microscope and calculations
were done with the Leica software program. SEM
(Scanning electron microscope) photographs were also
taken from the asci and ascospores. For spore measurings,
an average of 20 different spores was considered. Melzer
reagent and 5% KOH were used as the investigation
medium. The samples, whose diagnoses were completed
and dried, are stored in the Fungarium of Selcuk
University Mushroom Application and Research Center
in Konya.
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For macroscopic and microscopic studies Breitenbach
& Krinzlin (1983), Pegler et al. (1993), Astier (1998),
Medardi (2006, 2012), Montecchi & Sarasini (2000), Gori
(2005), Trappe et al. (2007, 2009) and Thompson (2013)
were followed.

Molecular study
DNA extraction

Total DNA was extracted from dried fruit body tissue
by using DNeasy Plant Mini Kit (Qiagen, USA) following
the manufacturer’s protocol. The quality of the DNA was
checked based on electropherogram in 1% TBE-agarose
gel. Polymerase chain reaction (PCR) amplification and
sequencing amplification of the ITS region of the template
DNA was performed using the primers ITS1 and 1TS4
(White et al. 1990).

The PCR product was purified using A&A
Biotechnology (Gdynia). A Clean-up kit was used
following the manufacturer’s protocol before the
sequencing. The sequences of T. macrosporum were
deposited at GenBank (National Center for Biotechnology
Information, NCBI). For the molecular phylogeny, the
sanger reads obtained from ITS1/ITS4 were assembled
using Bioedit version 7.2 and BLAST analyses were
performed with the assembled sequences for the identity
rate search. The assembled sequences and the nucleotide
sequences of the retrieved in-group and out-group members
were aligned using the ClustalW algorithm of MEGAX
software (Kumar et al. 2018). The phylogenetic trees
demonstrating the evolutionary history of HHD18610 and
HHD18691 were constructed using the Maximum
Likelihood method and K2 nucleotide substitution model
with a gamma distribution (Kimura 1980). The bootstrap
method was implemented for the accuracy estimation using
1000 bootstrap replicates (Felsenstein 1985).

Results

Taxonomic results
Phylum ASCOMYCOTA
Classis Pezizomycetes
Order Pezizales
Family Tuberaceae
Tuber macrosporum Vittad., 1831 (Figs 1-3)
Genbank No: MW423732, MW432548

Morphological and microscopical features

Fruitbodies 2-5 (6) cm diameter, globose to
subglobose, more or less cocooned furrowed, generally
irregular in form, lobed, but also regular and subglobose,
and reddish-brown to blackish brown, with flat, polygonal
warts or a verrucous-areolate (Fig.1a).

Gleba compact, anthracite grey, grey-brown, brown-
lilac, finally purple-brown, thick, with thin, numerous
interrupted white sterile veins, anastomosed, flaking on
the peridium. It has a pleasant garlicky component and
delicate perfume of fine white truffle and can be counted
among the best edible truffles (Fig. 1b-d).
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Fig. 1. T. macrosporm; a- macro-view of surface, b-macro-view of gleba-cross section, c-general microview of gleba, d-close-up

microview of gleba, e- general microview of peridium, f- close-up microview of peridium. Scales 30 pm.
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Fig. 2. Different views of Asci (indicated by an arrow, A) and ascospores (indicated by an arrow, As) under a light microscope.
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Fig. 3. SEM photograps; a, b-General views of ascospores, c-close-up views of the surface ornaments of ascospores, b-Asci.

Peridium very thin, 0.400-1 mm, hyphal type, not
separable. Composed of brown-black, irregularly
polygonal, very  short  verrucous, flattened
characteristically and very much variable in dimensions,
sometimes absent and with a felty surface (Fig. 1e, ).

Asci subglobose to ellipsoid, with a short peduncle, 1-3
(4)-spored, mainly 3-spored, 90-120 x 60-80 um (Figs 2,
3b, d).

Ascospores strictly ellipsoidal tapered at the apex,
cross-linked-packs, 2-2.5 (5) wum high and 8-12 um long,
brown-yellow, (25-)35-(45-)55 x (40-)45-(70-)85 um, Q
= 1.6-1.7 um (Figs 2, 3a, b) with reticulate-alveolate
irregular, polygonal meshes (Figs 2, 3c, ¢, f).

Species examined: Tekirdag-Saray, in oak forest,
under Quercus sp. 200 m, 14.1X.2017, HHD18610
(GenBank No: MW423732); Edirne-Merig, Uzunkoprii
forest management chief area, Kadidondurma Village, in

Trakya Univ J Nat Sci, 22(2): 139-146, 2021

oak forest, under Quercus sp., 150 m, 01.XI11.2017,
HHD18691 (GenBank No: MW432548).

Molecular results

In  phylogenetic analysis of HHD18610 and
HHD18691, 19 records of T. macrosporum were used to
compare specimens similarity and 6 different Tuber
species were used to show species differences. Terfezia
boudieri Chatin. from the family Pezizaceae was selected
for the outgroup (Fig. 4). The results showed that
HD18610 and HD18691 showed high similarity in T.
macrosporum sequences. While HD18610 showed high
similarity with ANK Akata 7398 (unpublished data from
Turkey), HHD18691 take place in a single line alone in
the macrosporum group. The closest records to
HHD18691 are NW1TMacrol and ITA 011s. The
BLAST analysis implemented with the nuclear ITS rDNA
sequence of HHD18610 and HHD18691 revealed identity
rates as high as 98-99% between the specimens and
different isolates of T. macrosporum.
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Tuber macrosporum voucher TM-WI (KC330229.1)
Tuber macrosporum voucher NWi1TMacro2 (KJ524532.1)
Tuber macrosporum isolate 455 (FM205663.1)

+ Tuber macrosporum isolate $7510 7610 (JF926121.1)
Tuber macrosporum iscolate 449 (FM205664.1)

57 Tuber macrosporum isolate UASWS1867 (KY197983.1)
Tuber macrosporum voucher HUN 14 (KP738373.1)
Tuber porum ZB1956 (. 3.1)

[ Tuber macrosporum voucher ANK Akata 7390 (MW362408.1)
Tuber macrosporum voucher HUN 20 (KP738376.1)
[ Tuber macrosporum voucher HHD:18610 (MW423732.1)

69- Tuber macrosporum voucher ANK Akata 7398 (MW362409.1)

100l Tuber macrosporum voucher ITA 0128 (KP738346.1)
93 Tuber macrosporum voucher ITA 011s (KP738396.1)
Tuber macrosporum voucher HHD18691 (MW432548.1)
Tuber macrosporum voucher NW1TMacro1 (KJ524529.1)
Tuber macrosporum voucher HUN 003H (KP738369.1)
80 Tuber macrosporum voucher HUN 002H (KP738368.1)
Tuber macrosporum voucher (HUN 001H KP738366.1)
100/ Tuber aestivum voucher t13 (KU664101.1)
Tuber aestivum voucher t45 (KU664116.1)
100 Tuber malenconii voucher MUB:Fung-0936 (MN962723.1)
100" Tuber malenconii isolate 04MLC (FM205599.1)

100 Tuber excavatum isolate zh3377 (HM152023.1)
! Tuber excavatum isolate zb3268 (HM152019.1)

( Tuber fulgens voucher ANK AKATA 7351 (MT984247.1)

100' Tuber fulgens isolate HMT44 (HM151979.1)

‘ Tuber borchii isolate AA13 1 2 (KU186940.1)
100 Tuber borchii isolate 12BOR (FM205502.1)
Tuber melanosporum voucher DUKE:GB254 (GQ917052.1)

0.1

100 Tuber melanosporum strain mwr-3 (MF590056.1)

Terfezia boudieri DDthb1 (GU474809.1)

Fig. 4. The Maximum Likelihood tree revealing the phylogenetic relationships of 29 fungal sequences estimated from the nuclear ITS
rDNA region. Percentage bootstrap values (> 50) were indicated for each branch. Terfezia boudieri was included as the outgroup
sample in the analysis. The scale bar (lower left) represents a genetic distance of 0.1.

Discussion

Tuber macrosporum is a common species in European
countries. So far it has been reported from the Czechia,
Bulgaria, France, Hungary, Romania, Serbia,
Switzerland, Ukraine, Italy and the United Kingdom
where it is considered as rather rare (Hall et al. 2007).
Recently, the species was found in Germany where it was
considered to be extinct (Stobbe et al. 2012). T.
macrosporum grows in an ectomycorrhizal symbiosis
with many different tree species such as Fagus sylvatica
L., Corylus avellana L., Quercus robur L., Pinus strobus
L. and P. sylvestris L. (Granetti et al. 2005, Lawrynowicz
et al. 2008). According to Bencivenga & Baciarelli Falini
(2012), C. avellana, Carpinus betulus L., Q. pubescens
Willd. and Ostrya carpinifolia Scop. are the usual hosts
of Tuber species in truffle orchards. The species prefers
fresh, wet, occasionally flooded, thick, calcareous soils
with variable levels of calcium carbonate, often in
lowlands or near rivers (Vezzola 2005, Marjanovi¢ et al.
2009, Benucci et al. 2012). In Italy, fruiting bodies of the
fungus are found in the same areas as Tuber magnatum
Picco (white truffle) and have the same host plants (Hall
et al. 2007). The time when the species fruits are not
clearly defined, yet truffle collectors harvest T.
macrosporum from August till December (Granetti et al.
2005).

The Thrace region creates a very suitable area for T.
macrosporum. The forest structure generally consists of
F. orientalis and oak species (Quercus hungarica

Hubeny, Q. cerris, Q. dschorochensis K.Koch and Q.
pubescens) and soil properties are very suitable for the
growth of T. macrosporum. Due to its very large spores,
this species has never given rise to nomenclature or
synonymy problems. Amateur collectors can sometimes
confuse it with T. aestivum (the black truffle). Having
bigger spores than in any other similar species, the very
short and flat verrucous (similar to crusts) in many cases
absent and with a felty surface in exoperidium less than T.
aestivum, as well as having a pungent garlic smell are the
main characters which enable to give it a precise and
correct determination. The good and garlicky odour,
reminding of T. magnatum, makes this species the best of
the so-called black truffles, according to many gourmets.
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Introduction

Abstract: Biocompatible hydrogels are used in a variety of biomedical applications, including
tissue scaffolds, drug delivery systems, lab/organ-on-a-chips, biosensors, cell-culture studies
and contact lenses. The demand for novel and functional monomers to be used in hydrogel
synthesis is increasing as the number of biomedical applications and need for biomaterials
increase. The purpose of the study was to develop novel hydrogels from renewable materials.
Acrylated methyl ricinoleate, a plant oil-based monomer, was used as the renewable material.
The effects of acrylated methyl ricinoleate/N-isopropyl acrylamide molar ratio on hydrogel
structural properties, thermal stability and in vitro cytotoxicity were studied. FTIR spectroscopy
was used to characterize the structural properties of the hydrogels, while TGA was used to
characterize the thermal properties. HEK293 and Cos-7 cell lines were used to test the
cytotoxicity of the monomers and hydrogels. ICso values for acrylated methyl ricinoleate and N-
isopropyl acrylamide were found to be greater than 25 mg/mL. Cell viability of hydrogels
containing 50% or more acrylated methyl ricinoleate was greater than 60%, while hydrogel
biocompatibility decreased with decreasing molar ratio of acrylated methyl ricinoleate. Cells
showed a minimum viability of 80% when incubated in hydrogel degradation products. An
environmentally friendly synthesis method was developed and novel biocompatible hydrogels
from renewable materials were produced for biomedical applications.

Ozet: Biyouyumlu hidrojeller, doku iskeleleri, ilag tastyic1 sitemler ve biyosensorler dahil
olmak iizere ¢esitli biyomedikal uygulamalarda kullanilmaktadirlar. Biyomedikal
uygulamalarin sayisi ve biyomalzemelere olan ihtiyag arttik¢a hidrojel sentezinde kullanilacak
yeni ve iglevsel monomerlere olan talep artmaktadir. Calisgmanin amaci, yenilenebilir
malzemelerden 6zgiin hidrojeller gelistirmektir. Yenilenebilir malzeme olarak bitkisel yag bazlt
bir monomer olan akrillenmis metil risinoleat kullanilmustir. Akrillenmis metil risinoleat / N-
izopropil akrilamid mol oranmin hidrojellerin yapisal dzellikleri, termal dayanikliliklar ve in
vitro sitotoksisiteleri iizerindeki etkileri incelenmistir. Hidrojellerin yapisal &zelliklerini
karakterize etmek igin FTIR spektroskopisi kullanilirken, termal 6zellikleri karakterize etmek
icin TGA kullanilmistir. HEK293 ve Cos-7 hiicre hatlari, monomerlerin ve hidrojellerin
sitotoksisitesini test etmek i¢in kullamlmustir. Akrillenmis metil risinoleat ve N-izopropil
akrilamid i¢in ICso degerlerinin 25 mg/mL'den biiyiik oldugu bulunmustur. %50 veya daha fazla
akrillenmis metil risinoleat igeren hidrojellerin hiicre canliligi %60'!n {izerinde iken,
hidrojellerin biyouyumlulugu, akrillenmis metil risinoleatin hidrojel igerisindeki mol orant
azaldikca azalmaktadir. Hiicreler, hidrojellerin bozunma {iriinlerinde inkiibe edildiklerinde
minimum %80 canlilik gbstermistir. Sonug olarak, ¢evre dostu bir sentez yontemi gelistirilmis
olup, biyomedikal uygulamalarda kullanilmak iizere yenilenebilir malzemelerden &zgiin
biyouyumlu hidrojeller iiretilmistir.

Hydrogels are crosslinked three-dimensional natural
and synthetic polymer networks with hydrophilic
properties that can absorb a significant amount of water.
Because of their similarity to living tissues, they can be
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used in a variety of biomedical applications, including
drug-delivery systems (Peers et al. 2020), scaffolds (Xu et
al. 2019), lab/organ-on-a-chips (Ding et al. 2020), cell-
culture studies (Bhattacharya et al. 2012) and contact lenses
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(Peppas & Hoffman 2020). Hydrogels swell in aqueous
media because their network structures contain hydrophilic
polymers. Depending on the intended application, the
swelling profiles of hydrogels may be altered by using more
or less hydrophilic monomers. Hydrogels are frequently
designed using acrylic-based monomers such as
hydroxyethyl methacrylate and methyl methacrylate
(Peppas et al. 2000). Furthermore, poly(ethylene oxide)
(PEO) and poly(ethylene glycol) (PEG) based hydrogels
are gaining popularity due to their biocompatibility and
FDA approval. Poly-lactic or glycolic acids are also used in
the production of hydrogels, especially for biodegradable
systems (Lee & He 2010). Smart hydrogels can also be
produced using various monomers such as poly(acrylic
acid), poly (methacrylic acid), and poly(vinyl alcohol) (N-
isopropyl acrylamide). pH-responsive hydrogel systems are
created using acidic and basic monomers (Koetting et al.
2015), while thermoresponsive hydrogels are created using
N-isopropyl acrylamide (NIPAM) (Dong & Hoffman
1986). Smart hydrogels are stimuli-responsive hydrogels
that can respond to external stimuli by changing their
structural ~ conformations and  swelling-deswelling
behaviors. Several monomers are needed to create novel
hydrogels with desired hydrophilicity for a variety of
applications. Thus, there will always be a need for novel
and functional monomers.

One of the top priorities of researchers is to synthesize
functional monomers and novel hydrogels while
minimizing environmental impact. Therefore,
environmentally friendly green raw materials are favored
for the production of monomers and polymers. Plant oil-
based materials are often used as renewable resources
because they contain a large number of functionalizable
hydroxyl groups. Furthermore, fatty acids contain double
bonds that are easily converted into epoxy groups, resulting
in a variety of reactions with ring-opening reagents to
synthesize biocompatible polymers (Miao et al. 2014).
Castor oil, for example, is one of the most popular naturally
functionalized plant oil triglycerides as it can be used to
create a variety of functional monomers (Dupé et al. 2012).

Several studies have been performed on the synthesis
of hydrogels from plant-based renewable materials such as
lignocelluloses, polysaccharides, and proteins
(Mohammadinejad et al. 2019) but there are few examples
of plant oil-based hydrogel synthesis. Sebacic acid, for
example, was used as a fatty acid in the design of hydrogels
for biomedical applications (Guo et al. 2011). In a recent
study, acrylated methyl ricinoleate (AMR), a castor oil
monomer, was used to create thermoresponsive hydrogels
on glass surface for use in biochips, biosensors, and lab-on-
a-chip applications (Cakir Hatir & Cayli 2019). Another
recent study demonstrated that bacterial cellulose and
castor oil could be successfully combined to create
thermoresponsive hydrogels (Isikci Koca et al. 2020). In
the present study, we aimed to synthesize and characterize
novel biocompatible hydrogels derived from renewable
resources. We used AMR as the plant-oil based monomer,
NIPAM as thermoresponsive monomer and N,N'-
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Methylenebis (acrylamide) (MBA) as crosslinker. We
varied the molar ratio of AMR/NIPAM and evaluated the
effects of AMR on structural properties, thermal stability,
and in vitro cytotoxicity of hydrogels. We developed a
green, environmentally friendly synthesis process in order
to create biocompatible hydrogels.

Materials and Methods

Materials

N,N'-Methylenebis(acrylamide) (MBA), 2,2-dimethoxy-2-
phenylacetophenone (DMPA) and N-Isopropylacrylamide
(NIPAM) were supplied from Sigma Aldrich. Acrylated methyl
ricinoleate was synthesized as described before (Cakir Hatir &
Cayli 2019). Distilled water was obtained by using Merck
Millipore. Solvents were supplied from Sigma Aldrich.
PhotoLab Eliza Plate Reader (AMR-100 Microplate) was used
to perform cell viability studies. MMM Vacucell vacuum oven
was used to dry hydrogels. Photopolymerization reactions were
performed under UV light, UVGL-58 230V, 50Hz lamp at 365
nm wavelength. Structural characterizations of polymers were
performed by using JASCO FT/IR-6000 Spectrometer. Thermal
characterizations were carried out by using HITACHI
STA7200 Simultaneous TGA.

Synthesis of hydrogels

Hydrogels  were  synthesized by using the
photopolymerization method with a radical initiator, DMPA,
under UV irradiation at 365 nm. MBA (1.25 mg) and NIPAM
(Table 1) were weighed in a vial and dissolved in 400 pl of
Phosphate Buffered Saline (PBS). AMR and DMPA (1% with
respect to the total number of double bonds in the system) were
transferred into the solution. All polymerization reactions were
performed under UV irradiation at 365 nm for 60 min at 25°C.
After the polymerization, the hydrogels were washed with water
and methanol to remove unreacted monomers and kept in
vacuum oven at 25°C for 24 hours.

Characterization of hydrogels

The hydrogels were characterized by Fourier
Transform  Infrared  Spectroscopy (FTIR) and
Simultaneous Thermogravimetric Analyzer (TGA).
Structural characterization was performed by using
JASCO 6600 spectrophotometer in the range of 400-4000
cm?®. All samples were scanned 32 times and FTIR
spectra were obtained with 4 cm™ resolution. Thermal
characterization was carried out by HITACHI STA7200
TGA. TGA analyses were carried out under nitrogen
atmosphere at a rate of 200 mL/min with a heating rate of
10°C/min from 0°C to 900°C.

Table 1. Hydrogels synthesized by using different ratios of
MBA, AMR and NIPAM.

Molar equivalencies of monomers

Hydrogels
MBA AMR NIPAM
H1 1 100 -
H2 1 80 20
H3 1 50 50
H4 1 20 80
H5 1 - 100
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In vitro cytotoxicity assays of monomers and hydrogels

Cytotoxicity assays were performed by using Cos-7
(African green monkey kidney fibroblast-like cell line) and
HEK?293 cells (Human Embryonic Kidney Cells). The cells
were cultured in a complete culture medium consisting of
Dulbecco's Modified Eagle Medium (DMEM)
supplemented with 2 mM L-Glutamine (Thermo Fisher),
100 1U/mL penicillin-streptomycin (Thermo Fisher) and
10% fetal bovine serum (FBS, Lonza®). Cos-7 and
HEK?293 cells were seeded in 96-well cell culture plates at
10x103 cells/well and then incubated at 37°C in 5% CO,.
After 24 h of incubation, 100 puL of different concentrations
(0.5-1-2-5-10 mg/mL) of monomers in PBS or only PBS as
control were added to the wells. For cytotoxicity assay of
hydrogels, 14x10* cells/well Cos-7 or HEK293 cells were
seeded in 24-well plates which were previously covered
with different concentrations of hydrogels. All experiments
were carried out in triplicates. After a further incubation for
24 h, cytotoxicity of monomers and hydrogels was
measured by the MTT (3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) assay.

The MTT cytotoxicity assay is a colorimetric assay
that measures the number of living cells which have active
enzymes converting yellow tetrazolium salt into insoluble
purple formazan. The intensity of the purple color is
directly proportional to the metabolically active living
cells and assessed by colorimetric analysis.

For MTT assay, 10 pL and 100 uL of sterilized MTT
(5 mg/mL) reagent was added to each 96-well and 24-
well, respectively. After incubation of plates at 37°C in
5% CO; for 4 h, the MTT solution was removed. Purple
color formazan products were dissolved in Dimethyl
Sulphoxyde (DMSO) by incubating the plates in the dark
for 15 min on an orbital shaker. Purple color with an
absorbance at 570 nm was measured by using an Eliza
Plate Reader. Percentage of cell viability was calculated
by taking the ratio of absorbance values for samples and
control and multiplied by 100.

In vitro cytotoxicity assays of degradation products

20 mg of hydrogel was weighed and transferred into 1
mL of 0.1 N NaOH solution and incubated at room
temperature for 24 h. After the hydrogels were degraded
entirely, the pH of the solution was adjusted to 7.4. The
solution was filtered to sterilize, afterwards, it was diluted
2, 10 and 100 times with cell culture media. 100 pl of the
diluted solutions were transferred to the 96-well plates
containing cultured Cos-7 cells and incubated for 24 h at
37°C. Cytotoxicity of the degraded products was
evaluated using the MTT assay.

Statistical analysis

For cell viability assays, all experiments were
performed as two independent experiments carried out in
triplicates. All results are presented as mean + standard
deviation (SD). Statistical significance between different
groups were evaluated by using one-way analysis of
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variance (ANOVA) with Bonferroni correction for post
hoc analysis and p<0.05 was considered as significant.

Results

Characterization of hydrogels

FTIR spectra of the hydrogels are shown in Fig. 1.
Hydrogels, including AMR have a strong peak at 1727
cmL. Hydrogels synthesized with NIPAM have bands at
1646 cm™ (H3, H4), 1631 cm™ (H5), and 1535 cm™ (H3,
H4, H5). H4 and H5 have broad bands at 3292 cm™.
Hydrogels synthesized with AMR have bands at 2923 cm-
1 and 2854 cm?, whereas hydrogels without AMR have
the same bands at around 2969 cm* and 2928 cm'.

TGA curves are shown in Fig. 2. Experiments were
carried out under a nitrogen atmosphere at a rate of 200
mL/min with a heating rate of 10°C/min from 0 to 900°C.
Hydrogel H1 exhibits a decomposition between 300°C and
500°C and lost 85% of its weight around 320°C. TGA
curves of H2 and H4 show roughly 10% weight loss at
274°C and 55% weight loss at 300°C. TGA curve of H3
exhibits three significant segmental losses. H5 lost 12% of
its weight between 30°C and 200°C. Two critical
parameters, 5% weight loss temperature and 50% weight
loss temperature, were also investigated (Table 2). The 5%
weight loss temperatures were determined as 240°C,
212°C, 216°C, 268°C and 347°C for H1, H2, H3, H4 and
H5, respectively, whereas the 50% weight loss
temperatures were determined as 344°C, 339°C, 335°C,
348°C and 403°C for H1, H2, H3, H4 and H5, respectively.

In_vitro cytotoxicity assays of monomers and
hydrogels

The results of the cytotoxicity assay of AMR, NIPAM
and MBA monomer solutions with concentrations ranging
from 0.5 mg/mL to 10 mg/mL were shown in Fig. 3. Both
Cos-7 and HEK?293 cells display at least 70% viability in
the presence of a wide range of concentrations (0.5-5
mg/mL) of AMR and NIPAM monomer solutions, whereas
a significant reduction in cellular viability (less than 70%)
was detected with 10 mg/mL concentrations. The toxicity
of MBA monomer solution, on the other hand, is
significantly high even with 1 mg/mL concentration, less
than 50%. ICso (50% cell growth inhibition) values were
also calculated by using the curve constructed by plotting
cell viability (%) versus monomer concentration (mg/mL).
As shown in Table 3, ICs values of AMR and NIPAM
solutions are higher than 25 mg/mL while MBA 1Cs; values
are very low, ranging between 1.06 mg/mL and 0.05
mg/mL in Cos-7 and HEK?293 cells, respectively.

Table 2. Thermal properties of the hydrogels.

Critical parameters H1I H2 H3 H4 H5
5% weight loss
temperature (°C)

50% weight loss
temperature (°C)

240 212 216 268 347

344 339 335 348 403
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Fig. 3. Cell viability results of two different cell lines (A) Cos-7 and (B) HEK293 with different monomers. Data are presented as mean
+ SD of two independent experiments conducted as triplicates. Significant differences between each monomer concentration and the
control were evaluated using the one-way analysis of variance (ANOVA) followed by Bonferroni post hoc test. Asterisks (*) indicate
a significance difference compared to the control; p < 0.05 after Bonferroni correction.
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Fig. 4. Cell viability results of two different cell-lines (Cos-7 and HEK293) with different hydrogels. Data are presented as mean + SD
of two independent experiments, conducted as triplicates. Significant differences between each hydrogel and the control were evaluated
using the one-way analysis of variance (ANOVA) followed by Bonferroni post hoc test. Asterisks (*) indicate a significance difference
compared to the control; p < 0.05 after Bonferroni correction.
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mean + SD of two independent experiments conducted as triplicates.
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As shown in Fig. 4, cytotoxicity assay for hydrogels
on two different cell lines revealed that the viability of the
cells was more than 60% in hydrogels with varied molar
ratios of AMR:NIPAM (100:0, 80:20 and 50:50).
However, as the amount of NIPAM in hydrogels
(AMR:NIPAM, 80:20 and 0:100) increased, a reduction
in cell viability was detected. The hydrogels made up of
solely NIPAM monomers showed less than 45% cell
viability in both cell lines.

In vitro cytotoxicity assays of degradation products

Cytotoxicity of degraded hydrogels with different
ratios of AMR:NIPAM was analyzed by MTT assay.
Hydrogels were kept in 0.1 N NaOH solution at room
temperature for 24 h until they are all degraded. Filtered
solutions diluted by 2, 10 and 100 times with cell culture
media were applied to Cos-7 cells for 24 h. As shown in
Fig. 5, cells showed more than 70% viability when
exposed to degraded products in different concentrations
supporting the biocompatibility of the hydrogels.

Table 3. I1Cso values for Cos-7 and HEK293 cells treated with
AMR, NIPAM and MBA monomer solution.

1Cs0 (mg/mL)
Monomers
Cos-7 HEK?293
AMR 30.04 47.71
NIPAM 53.65 25.25
MBA 1.06 0.05
Discussion

Hydrogels generated from natural polymers have
attracted significant interest in the field of tissue
engineering in recent years due to their low cost of
production, biocompatible structure, biodegradability and
extracellular matrix mimicking capabilities (Geckil et al.
2010, Ko et al. 2010, Mantha et al. 2019). In this study,
novel hydrogels were synthesized using a plant-based
monomer (AMR) and a thermoresponsive monomer
(NIPAM). The structural and thermal properties of these
hydrogels and their effects on cell growth were examined
for the first time.

In the first step of the study, FTIR spectra of the
hydrogels were evaluated (Fig. 1). AMR has formerly
been shown to exhibit two independent ester carbonyl
peaks at 1739 cm™ and 1722 cm prior to polymerization
(Cakir Hatir & Cayli 2019). In the present study, AMR
showed two peaks at around 1637 cm* and 1620 cm™ that
indicate acrylate double bonds. The absence of these
peaks in hydrogels in the former study suggests that
acrylate double bonds were consumed during
polymerization. Moreover, hydrogels exhibit a strong
peak at 1727 cm instead of two separate ester carbonyl
peaks, as saturated ester moieties were produced due to
polymerization of the acrylate groups. So, the FTIR peaks
of the two ester groups shifted to 1727 cm™, and one ester
carbonyl was detected instead of two peaks. These results
proved that AMR was involved in the polymerization
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processes. To establish that NIPAM was also involved in
polymerization, the FTIR spectra of NIPAM were
analyzed before and after the reactions. The FTIR
spectrum of NIPAM revealed a strong peak at around
3280 cm? caused by N-H stretching of secondary amide,
which formed a broad band following monomer
polymerization (Ili¢-Stojanovi¢ et al. 2013, Isikci Koca et
al. 2020). These broad bands are seen in the FTIR spectra
of H4 and H5. The broad bands contain both O-H
stretching caused by absorbed water, as proven by TGA
data and N-H stretching of secondary amide.
Furthermore, there is a peak at 1616 cm™ caused by the
C=C bond, which should not be seen in polymer spectra
(Shah et al. 2013). NIPAM hydrogels do not display this
peak, instead, they exhibit the bands at 1646 cm™ and
1539 cm* indicating C=0 (amide 1) and N-H (amide II)
stretching, respectively. H3 and H4 have peaks at 1646
cm? (H3, H4), H5 has a peak at 1631 cm™ caused by
amide | stretching. The bands at around 2950 cm’
represent vibrations of -CH3 and -CH». The FTIR spectra
confirms that H1 has AMR, H5 has NIPAM and H2, H3
and H4 have both NIPAM and AMR. Furthermore,
increasing intensity of amide | and amide 11 bands confirm
the increasing molar ratio of NIPAM from H2 to H5. The
hydrogels synthesized with AMR have bands at 2923 cm-
1 and 2854 cm, whereas the hydrogels without AMR
have the same bands at around 2969 cm* and 2928 cm™™.,
Additionally, H4 and H5 have broad bands at around 3292
cmt which represent NH stretching of NIPAM. In the
spectrum of H3, the broad band can barely be seen at
around 3300 cm™%. On the other hand, H2 does not have a
clear band since the molar ratio of NIPAM is relatively
low.

In the next step, the thermal stability properties of the
hydrogels were investigated by TGA curves (Fig. 2).
Hydrogel H1, synthesized from AMR, exhibited a
decomposition between 300°C and 500°C. H1 lost 85%
of its weight around 320°C, which might be due to the
dissociation of the MR moiety from the main chain (Cakir
Hatir & Cayli 2019). TGA curves of H2 and H4 show
roughly 10% weight loss at 274°C and 55% weight loss at
300°C, respectively. Decomposed sections of H2 and H4
are proportional to the amount of NIPAM used in the
polymerization phase. TGA data of H2 and H4 revealed
that when monomers are combined in differing molar
ratios, the polymer is produced as a building block. TGA
curve of H3 shows three major segmental losses,
indicating that the crosslinked polymer network was
created in the presence of homogeneously dispersed
monomers. H5, produced only using NIPAM, lost 12% of
its weight between 30°C and 200°C, indicating
evaporation of volatile compounds such as water (Ribeiro
et al. 2017). H5 is also thermally stable with only a single
decomposition step between 340°C and 440°C, as
reported in the literature (Ruiz-Rubio et al. 2015).
Temperatures for 5% and 50% weight loss were
investigated (Table 2). The 5% weight loss temperatures
were determined as 240°C, 212°C, 216°C, 268°C and
347°C for H1, H2, H3, H4 and HS5, respectively, whereas
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the 50% weight loss temperatures were determined as
344°C, 339°C, 335°C, 348°C and 403°C for H1, H2, H3,
H4 and H5, respectively. Among all hydrogels, H5
showed the highest temperature for both 5% and 50%
weight loss. H1, having only AMR has relatively high
temperatures for both 5% and 50% weight loss. On the
other hand, the combination of AMR and NIPAM caused
a slight decrease at the 5% weight loss temperature. From
H2 to H5, it was observed that as the molar ratio of
NIPAM increases, the temperature for the 5% weight loss
increases as well. However, there is no significant change
at the 50% weight loss temperatures.

As the hydrogels, which consist of AMR, NIPAM and
MBA, can be used for tissue engineering,
biocompatibility is crucial for in vivo application.
Therefore, we evaluated the cytotoxicity of these
monomers and hydrogels with different ratios of AMR
and NIPAM. As cytotoxic effects may vary for different
cell types with different origins, two different cell lines
(Cos-7, kidney fibroblast and HEK293, embryonic kidney
cells) were used to evaluate cell viability (Capella et. al.
2019). We also calculated the ICsy values for each
monomer in Cos-7 and HEK293 cell lines (Table 3). ICso
values of AMR and NIPAM are higher than 25 mg/mL
while MBA ICsy values are very low, ranging between
1.06 mg/mL and 0.05 mg/mL in Cos-7 and HEK?293 cells,
respectively. According to the results, MBA has the
lowest ICsp value compared to AMR and NIPAM in both
cell lines, indicating a high cytotoxic effect for the cells.
NIPAM and AMR produced comparable 1Cso values in
which AMR has higher 1Cso with HEK293 cells, whereas
NIPAM has higher ICso with Cos-7 cells.

In addition to the cytotoxicity of monomers, hydrogels
were tested as well. The cells grown on hydrogels with
increased AMR molar ratio exhibited a higher viability
compared to the cells grown on hydrogels with increased
NIPAM ratio. Cell viability of hydrogels containing 50%
or more AMR was found to be greater than 60%, while
biocompatibility of hydrogels reduced with decreasing
molar ratio of AMR. The hydrogels made up of only
NIPAM showed less than 45% cell viability in both cell
lines.

Although building blocks and hydrogels are
biocompatible, we also analyzed the cell viability in the
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Abstract: The COVID-19 pandemic continues infecting people causing deaths globally.
Although various medicines have been tried to combat with COVID-19, there is no medicine
or treatment that has been validated yet. People have been using natural products for centuries
against bacterial and viral illnesses. This study aimed to test the effects of the biomolecule
oleuropein, whey collected from industrial waste and soaproot extracts obtained from
Gypsophila arrostii Guss. var. nebulosa Boiss. & Heldr. and Saponaria officinalis L. on the
expression of the human ACE2 gene as SARS-CoV-2 receptor on the A549 adenocarcinoma
cell-line by Real-Time Quantitative Polymerase Chain Reaction (QPCR). According to the
cytotoxicity tests, G. arrostii var. nebulosa and S. officinalis extract treatments showed a dose
dependent cytotoxic effect on the cells. The EC50 values of G. arrostii var. nebulosa and S.
officinalis were found to be 54.3 pg/ml and 17.3 pg/ml, respectively. Oleuropein showed
moderate cytotoxic effects with the EC50 value over 250 pg/ml. Whey (fermented and non-
fermented) did not show any cytotoxic effect at the applied doses. The gPCR results showed
that the ACE2 mRNA level decreased by 89.8% and 35.2% due to the fermented and non-
fermented whey extracts, respectively. Similarly, G. arrostii var. nebulosa and S. officinalis
downregulated ACE2 by 79.8% and 90.1%, respectively. In contrast, oleropein upregulated
ACE2 (102.8%). Our results showed that the natural supporting products produced from
soaproot extracts and fermented whey can be used against COVID-19 by both cancer patients
and people in potential risk groups.

Ozet: COVID-19 pandemisi tiim diinyada kiiresel capta insanlar enfekte etmeye ve Sliimlere
neden olmaya devam etmektedir. COVID-19 ile miicadelede birgok ilag denenmis olmasina karsin
heniiz herhangi bir ilag veya tedavi yontemi onaylanmamustir. insanlar yiizyillardan bu yana
hastaliklara kars1 dogal iiriinleri kullanmuglardir. Bu galismadaki amacimiz bir biyomolekiil olan
oleuropein, endiistriyel atik olarak bertaraf edilen peynir alti suyu ve Gypsophila arrostii Guss.
var. nebulosa Boiss. & Heldr. ve Saponaria officinalis L. bitkilerinden elde edilen ekstraktlarin
A549 kanserli hiicre hatlarinda ACE2 reseptoriinii kodlayan ACE2 geninin anlatim seviyesi
iizerine etkilerini Ger¢ek Zamanli Kantitatif Polimeraz Zincir Reaksiyonu (qPCR) ile
belirlemektedir. Yaptigimiz sitotoksisite testlerine gore G. arrostii var. nebulosa ve S. officinalis
ekstraktlar sirast ile 54,3 pg/ml ve 17,3 pg/ml EC50 degerleri ile doza bagiml: sitotoksik etki
gosterirken, oleuropein 250 pg/ml’nin iizerinde bir degerle orta dereceli sitotoksik etki
gdstermistir. Ote yandan peynir alt1 suyu (ferment eve fermente edilmeyen), calismada kullamlan
dozlarda sitotoksik etki gostermemistir. qPCR sonuglarina gore fermente edilmis ve edilmemis
peynir alti suyunun ACE2 genine ait mRNA seviyesini sirasi ile %89,8 ve %35,2 oranlarinda
diigiirdiigii belirlenmistir. Benzer sekilde G. arrostii var. nebulosa ve S. officinalis ekstraktlarinin
ACE2 geni mRNA seviyesini sirast ile %79,8 ve %90,1 oraninda diisiirdiigii belirlenmistir. Bu
sonuglarin aksine oleuropein biyomolekiiliinin ACE2 mRNA seviyesini %102,8 oraninda
arttirdigi belirlenmistir. Caligma sonuglarina gore kullanilan bitki ekstraktlarinin ve fermente
edilmis peynir altt suyunun COVID-19 ile miicadelede kanser hastalarinda ve risk gruplarinda
kullanilabilecek dogal destek iiriinlerinin iiretilmesinde kullanilabilecegini géstermektedir.

© Copyright 2021 Hiirkan, Arslan, Atalar, Aydin, Demirtas, Mutlu, Tabar & Alma
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Introduction

Since December 2019, when the severe, acute
respiratory syndrome coronavirus 2 (SARS-CoV-2 or
COVID-19) was detected in Wuhan, China, the disease
infected more than 173 million people and caused 3.7
million deaths globally. The ACE2 gene, which encodes
receptor of the angiotensin-converting enzyme-2 was
proven to be the main gateway for both the SARS-
coronavirus (SARS-CoV) and the human coronavirus
(HCoV NL63) (Zhou et al. 2020). In vitro tests showed
that there is a positive correlation between ACE2 gene
expression and COVID-19 infection (Hofmann et al.
2004, Li et al. 2007). Phylogenetic studies showed that
COVID-19 and the SARS-CoV have many similar
sequences, and their spike proteins have 76.5% sequence
similarity (Xu et al. 2020). Therefore, the spike protein of
COVID-19 is predicted to have a binding ability to ACE2.
Studies indicated ACE2 receptor as the potential target to
develop therapeutics for COVID-19 (Zhang et al. 2020).
Despite the great efforts of researchers, there exists no
validated therapeutics available for the disease. The
COVID-19 pandemic not only affected healthy people,
but also people who have major lung diseases. The
patients with lung cancer cohort with COVID-19 are at
greater risk due to both diseases damaging their lungs
(Wang et al. 2019, Chen et al. 2020, Liang et al. 2020,
Wang & Zhang 2020). Besides, Feng et al. (2011) showed
that the overexpression of ACE2 inhibits angiogenesis on
tumor cells both in vitro and in vivo.

Plants have been used as medicines for thousands of
years because of their healing effects. Plant secondary
metabolites have important pharmaceutical effects on
many diseases. For instance, the phenolic compounds of
olive (Olea europea L.), particularly the oleuropein, show
high anti-inflammatory and anticancer activities by
inhibiting the tumor growth (Carrera-Gonzalez et al. 2013).
Oleuropein has also been reported to have anti-viral, anti-
cancer, and anti-inflammatory effects (Haris Omar 2010).

Milk and colostrum are health-enhancing natural
products due to their protein and peptide contents. Whey
is a by-product of the dairy industry during the
manufacturing of milk products. Studies showed that the
whey proteins lactoferrin and alpha-lactalbumin have
antiviral and antitumor activities, and casein has
antitumor activity (Almehdar et al. 2015, Kanwar et al.
2009, Zimecki & Kruzel 2007).

Ribosome-inactivating-proteins (RIPs) are
immunotoxins and antiviral reagents and saporins are the
basic types of type-1 RIPs. Soaproot is woody roots of
some perennial plants. Seven plant  species,
Ankyropetalum  gypsophiloides Fenzl.,, Gypsophila
arrostii Guss. var. nebulosa (Boiss. & Heldr.) Bark., G.
bicolor (Freyn & Sint.) Grossh., G. eriocalyx Boiss., G.
graminifolia Bark., G. perfoliata L. and G. venusta Fenzl.
are used to obtain soaproot in Turkey (Koyuncu et al.
2008). Saponaria officinalis L., which is also used to
obtain soaproot in Europe, but not in Turkey, contains
RIPs on its seeds and leaves (Carzaniga et al. 1994). It is
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also known that soaproot has an antiviral effect
(Serkedjieva et al. 1990).

In this study, we aimed to test the effects of
oleuropein, whey (fermented and non-fermented), and
two types of soaproot extracts (G. arrtosii var. nabulosa
and S. officinalis) on the expression of ACE2 gene on the
A549 human adenocarcinoma cell-line by gPCR. This is
the first study that shows how biomolecules and natural
products affect ACE2 gene expression on the
adenocarcinoma cell-line.

Materials and Methods

Obtaining the plant extracts and whey

Oleuropein obtained from BLD Pharmatech Pvt Ltd
(India) (Cat. No: BD1777) was used. It was dissolved in
dimethyl sulfoxide (DMSQ) (final concentration in
medium did not exceed 0.5%) before used.

Whey is discarded as an industrial waste in Igdir
province of Turkey. We obtained whey from Has Mandira
Dairy Products Company (Igdir, Turkey) in Igdir
Organised Industrial Site with its fat and pellet. After
discarding the fat, the whey was titrated by 0.1 N NaOH
and the pH was adjusted to 6.0. We boiled the mixture and
filtered the precipitation. Then, we added yeast extract
(0.75%), MnSO4 (20 mg/l) and CaCOjs (1.5%), and
sterilised the mixture by autoclaving at 121°C and 1.5
ATM. The sterilised whey was fermented by
Lactobacillus casei at 37°C for 48 h. Non-fermented and
fermented forms of whey were used in the study.

Gypsophila arrostii var. nebulosa was collected from
Isparta (Turkey —approx. N37.7, E030.5) in May 2020, and
the collected specimens were identified by taxonomist
Ahmet Zafer Tel from Igdir University, Department of
Agricultural Biotechnology by using the identification key
in the Flora of Turkey and the East Aegean Islands (Davis
1970). After cleaning and grinding the roots, we obtained
the soaproot extract. We also commercially ordered a
second soaproot extract powder, which was made from the
roots of S. officinalis, from istanbul Agricultural Products
and Food Industry Trade Ltd Company (istanbul, Turkey)
(Cat. No: SAPO-4434) to be tested in the study. It was
dissolved in DMSO before the treatment.

Experimental design, cytotoxicity tests and the
treatment of the cells with the biomolecules and the
natural products

Dulbecco's Modified Eagle Medium (DMEM), fetal
bovine serum (FBS), trypsin, penicillin/streptomycin
mixture were purchased from Sigma-Aldrich Chemical
Company (St Louis, Missouri, USA). The MTT Cell
Proliferation Assay Kit was purchased from BioVision,
Inc. (USA). All the other chemicals and solvents were
obtained from commercial sources at the highest grade of
purity available.

A549 cells (European Collection of Cell Cultures.
ECACC, UK) were cultured in DMEM containing 10%
fetal bovine serum, 100 U mi! penicillin and 100 pg/ml
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streptomycin mixture in a humidified atmosphere with
5% CO; under the normal oxygen conditions at 37°C and
were passaged every 2-3 days. The cytotoxic effects of
isolated molecules and extracts were determined by using
the effects of the MTT (3-(4,5-dimethyltiazole-2-yl) -2,5-
diphenyltetrazolium bromide) assay as triplicates. For this
purpose, we seeded A549 cells in 96-well plates at a
density of 5000 cells/well and incubated for 24 h for
attachment. The cells were then exposed to different
concentrations of isolated molecules and extracts for
another 24 h. We incubated the treated and control cells
for 24 h at 37°C in humidified 5% CO; atmosphere. After
24 h, the medium was removed, and fresh medium was
added to each well. After that, 10 pl of the MTT reagent
was added to each well and incubated for 4 h in the
incubator. After 4 h, the medium was removed carefully
and 50 pl of DMSO added to each well. The amount of
formazan formed was determined by measuring the
absorbance at 590 nm using a microplate reader (Epoch,
BioTek). We used three replicated wells for each
experimental condition. Viability was expressed as a
percentage of the control.

Primer design, RNA extraction, cDNA synthesis and
gPCR

We designed the primers targeting the human ACE2
gene referencing Homo  sapiens  ACE-related
carboxypeptidase ACE2 mRNA, complete CDS
(GenBank accession: AF291820.1) as ten alternatives
using the National Center for Biotechnology Information
(NCBI) Primer-BLAST tool (optimal annealing
temperature is 60°C and product size range is 80-110bp).
We selected the human glyceraldehyde3phosphate
dehydrogenase (GAPDH) gene as the reference gene
(Goulter et al. 2004) (5'-
CGGAGTCAACGGATTTGGTC-3’ and 5'-
TGAGGTCAATGAAGGGGTCA-3") for normalisation
of the gPCR results. The A549 cells (1x107 cells) were
seeded to plates and exposed to maximum non-toxic doses
dosed of test materials and harvested after a 24 h
treatment. Total RNA was extracted by using InnuPREP
RNA Mini Kit (Analytic Jena, Germany). Extracted RNA
was quantified spectrophotometrically at 260/280 nm, and
the integrity was checked using 1% agarose gel
electrophoresis. We converted 2.5 pug of RNA to cDNA
by EasyScript™ c¢DNA Synthesis Kit according to the
manual provided by the supplier (ABM, Canada) and the
cDNA was stored at -80°C for further use. We confirmed
the cDNA synthesis by performing end-point PCR using
the reference gene GAPDH. The gqPCR analyses were
performed by using SYBR® Green fluorescent dye-
containing master mix (KiloGreen 2X qPCR Master Mix,
ABM, Canada). gPCR reactions were performed with 10
ul KiloGreen 2X qPCR Master Mix, (ABM, Canada) 0.6
ul (200 nM) of each primer, and 10 ng cDNA template.
gPCR was performed on the Applied Biosystems
StepOnePlus  Real-Time PCR systems (Applied
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Biosystems, USA). All amplifications were as 95°C for
10 m initial denaturation followed by 45 cycles at 95°C
15 s for denaturation, 60°C 60 s for annealing, and 72°C
60 s for elongation. Melting curve analysis with a ramp
rate of 0.5°C/step was added after amplification to confirm
specificity of the primers. All the experiments were
performed as three biological and three technical replicates.
We calculated PCR efficiencies for each primer pairs
according to (Ruijter et al. 2009), and used the primer only
with efficiency value between 90-105% (Forward 5'-
TGAAGGCCCTCTGCACAAAT-3’ and 5'-
ATGCTAGGGTCCAGGGTTCT-3'). We calculated the
gene expression differences according to the comparative
Delta Delta Ct method (2724%) (Livak & Schmittgen 2001).

Statistical Analysis

All data presented are mean values of each gPCR
treatments. Data were analysed using the statistical
program JASP (0.14.1). The analysis of variance
(ANOVA) was followed by Fisher’s protected LSD test
to identify homogenous groups within the means.
Significant differences among treatments were considered
at the P<0.05 level.

Results

The cytotoxicity of the pure compounds and extracts
on A549 cells was measured by MTT test. Gypsophila
arrostii var. nebulosa and S. officinalis extract treatments
showed a dose-dependent cytotoxic effect on A549 cells
(Fig. 1). The EC50 values of the G. arrostii var. nebulosa
and S. officinalis were found to be 54.3 pg ml™* and 17.3
pug mll, respectively. Oleuropein showed moderate
cytotoxic effects (EC50 value was over 250 pg mil?),
while whey (fermented and non-fermented) did not show
any cytotoxic effect at applied doses.

We obtained high quality and sufficient amounts of
RNA for the cDNA synthesis. The successful
amplification of the GAPDH gene by conventional PCR
confirmed the cDNA synthesis success.

Preliminary tests were carried out to determine the
changes in ACE2 mRNA levels with respect to extracts
and pure compounds. For this purpose, maximum non-
toxic doses of the test materials (250 pg ml™ for fermented
and non-fermented whey extract, 10 ug ml? for S.
officinalis extract, 12.5 pg ml! for G. arrostii var.
nebulosa extract, and 100 pg mi? for oleuropein) were
selected and applied to the cells for 24 hours. Statistical
analysis revealed that there were significant changes in
expression levels of ACE2. The qPCR results showed that
the ACE2 expression level decreased to 89.8% and 35.2%
as a result of the fermented and non-fermented whey
extract, respectively (Fig. 2). Similarly, G. arrtosii var.
nebulosa and S. officinalis decreased the ACE2 expression
to 79.8% and 90.1%, respectively. On the contrary,
oleropein increased the ACE2 expression level to 102.8%.
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(C) showed moderate cytotoxicity, and whey (D and E) showed no cytotoxicity. The error bars represent standard deviation values.
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Discussion

In this study, we investigated the effects of the
secondary metabolite oleuropein, industrial waste whey
(non-fermented and fermented) and soaproot extracts of
the medicinal plants G. arrostii var. nebulosa and S.
officinalis on the expression of the Human ACE2 gene,
which has a gateway role for COVID-19, on the A549
adenocarcinoma cell-line. Our cytotoxicity analyses,
which helped us to determine the appropriate doses,
showed that oleuropein has moderate cytotoxic effects
(EC50 value was over 250 pg ml), both non-fermented
and fermented whey have no cytotoxic effect, and the
soaproot extracts have a dose-dependent cytotoxic effect
(G. arrostii var. nebulosa is 54.3 ug ml%, and S. officinalis
is 17.3 pg mI). The gPCR results showed that oleuropein
upregulated the ACE2 gene by 102.8%, while whey
(fermented 89.8% and non-fermented 35.2%) and the two
soaproot extracts (G. arrostii var. nebulosa 79.8% and S.
officinalis 90.1%) downregulated. These findings make
this study the first that shows biomolecules and natural
products can regulate the Human ACE2 expression on
adenocarcinoma cells.

Patients with cancer background (both history and
active patients) were concluded to be more likely to
develop COVID-19 in China (Wang & Zhang 2020, Xia
et al. 2020). Therefore, COVID-19 patients with cancer
cohort are at greater risk. The pathology reports of cancer
patients, particularly those with lung cancer, which have
adenocarcinoma, cohort with COVID-19 developed
oedema, proteinaceous exudate and inflammatory cellular
infiltration in their lungs besides the tumours (Tian et al.
2020). Researchers concluded that sensitivity to COVID-
19 in these patients was related to the excessive
expression levels of ACE2 gene (Jia et al. 2020).
Therefore, focusing on developing medicines and
supporting products for cancer patients is important.

Developing and testing vaccines needs more time than
supporting products. Researchers are trying to find
therapeutical effects of various biomolecules, active
compounds, natural products and easy-to-find plant-
derived products on COVID-19. Although most plant-
derived products, which have phenolics, secondary
metabolites etc., have antiviral effects, no study has been
performed so far on Human ACE2 gene with cancer.

Oleuropein, the only biomolecule that upregulated
ACE2 expression in our study, is the main phenolic
component of olive. This is the first study that shows the
effects of oleuropein on ACE2 expression. Previous
studies stressed its high anti-inflammatory, anticancer and
antiviral effects (Carrera-Gonzalez et al. 2013, Haris
Omar 2010). Its inhibitory effect on ACE1 expression was
also reported (Msomi & Simelane 2017). Despite these
properties, oleuropein caused a two fold increase of ACE2
expression on cancer cells we used. The upregulation on
ACE2 might be because of the complex cell
differentiation of the cancer cells. ACE2 expression was
reported to depend on the state of cell differentiation (Jia
et al. 2006). In that study, researchers showed the
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correlation between cell differentiation and ACE2
expression on A549 cells. Due to high differentiation rate
of cancer cells, oleuropein might induce ACE2
expression. Researchers indicated the correlation of ACE2
expression and COVID19 infection (Hofmann et al. 2004,
Li et al. 2007). Therefore, upregulation of ACE2 by
exposing to oleuropein will cause an increment on the
ACE?2 receptor on the membrane of the adenocarcinoma
cells. This case proves that COVID-19 the gateway for the
entrance into the cell.

The natural product whey, which is discarded as a
waste of manufacturing from various milk products, was
tested in this study for the first time on ACE2 gene and
downregulated its expression. We tested two types of
whey as non-fermented and fermented. The non-
fermented whey drew out the fermented type by almost
silencing the ACE2 with 89.8% downregulation ratio. The
fermented whey also had a downregulation effect on
ACE2 by 35.2%. Milk and particularly colostrum are
important sources of proteins that have many
bioactivities. Whey also has various proteins including a
group of milk protein lactoferrin (Teo et al. 2016).
Lactoferrin was reported as an antiviral, antifungal,
antibacterial, antitumor and immune enhancer whey
protein (Ng et al. 2015). It can bind Heparan Sulfate
Proteoglycans (HSPGs) and ACE2. Therefore,
researchers reported that lactoferrin might have a
preventive and therapeutic value for COVID-19 (Kell et
al. 2020). Alphalactalbumin and lactoglobulin, other
proteins included in whey, have an inhibition effect on
HIV reverse transcriptase (Ng et al. 2015). Due to
COVID-19 being a RNA virus, these proteins might affect
COVID-19 reverse transcriptase, as well. In another study,
fresh buttermilk cultured using paneer whey was reported
as ACE enzyme inhibitor (Parekh et al. 2017). Supporting
our results, having both ACE2 receptor binding ability and
decreasing the ACE2 gene expression, whey might be a
conspicuous natural product against COVID-19 in cancer
patients. We think that re-fermentation of whey inhibited
its bio-functional properties.

Gypsophila arrostii var. nebulosa is being used to
obtain soaproot mostly in Anatolia (Koyuncu et al. 2008).
Since there is no available study about the effects of
Gypsophila sp. on ACE2 expression, our result of 79.8%
downregulation will open a new avenue for researchers in
the field of pharmaceutics. The phytochemical studies on
G. arrostii var. nebulosa showed that triterpene saponins
are present in its roots (Arslan et al. 2013). Due to their
modifying effect on cell membranes, saponins have a
potential pharmaceutical value (Mostad & Doehl 1987).
Although saponins are commonly found in higher plants,
triterpene saponins are very rare in nature (Arslan &
Cenzano 2020). A recent review by Arslan & Cenzano
(2020) concluded that triterpene saponins have been used
in cancer therapies since 1976 (Ebbesen et al. 1976).
Recent studies showed significant anticancer activities for
saponins (Cheng et al. 2016). Although it is known that
Panax notoginseng (Burkill) F.H.Chen saponins have
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inhibitor effects on ACE2 expression (Guo et al. 2010),
there is no study on the triterpene saponins in the literature.
We think that ACE2 inhibition effect might be related with
triterpene saponins in the roots of G. arrostii var. nebulosa.

According to our results, soaproot extract obtained
from S. officinalis had the most inhibition effect on ACE2
expression by 90.1% which may be regarded as silencing
of the gene. The main bioactive compound of S. officinalis
has triterpene saponins, as in Gypsophila species. The
immune-stimulant effects of triterpene saponins were
reported before (Press et al. 2000). Koike et. al. (1999)
discovered new types of saponins in S. officinalis such as
saponariosides and Saponarioside C. Although there are
no studies on the immunological effects of these
molecules, they may have immune-stimulant effects
similar to triterpene saponins.

Due to the high infection rate, COVID-19 spread
throughout the world. The people in the high-risk group,
particularly those suffering from cancer, need more
attention. In this study, we showed that the natural
products whey and soaproot extracts can downregulate
the ACE2 gene, which is the main gateway for COVID-
19. Both whey and soaproot extracts have anti-cancer and
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Introduction

Geosmin (GEO) and 2-methylisoborneol (MIB) are
the most common biogenic taste and odour compounds in
freshwaters and considered as indicators of water quality
by consumers (Webber et al. 2015, Pham et al. 2020).

OPEN ACCESS

Abstract: Water users consider the safety of water according to its aesthetic properties,
primarily taste and odour. Geosmin (GEO) and 2-methylisoborneol (MIB) are the most
common taste and odour compounds in freshwaters which cause an earthy and musty odour in
water. Since human nose can detect these compounds in concentrations as low as 10 ng/L, it is
essential to monitor drinking waters before consumer complaints and to produce a timely
solution. Therefore, it is necessary to identify GEO and MIB producers to manage the problem
at its source. Cyanobacteria are one of the main producers of these compounds in freshwater
ecosystems. In this study, we analyzed 13 samples (9 cyanobacteria cultures from Bafa Lake,
Elmali Dam Lake, {znik Lake, Kiigiikcekmece Lake, Manyas Lake and Taskisig1 Lake, and 4
environmental water samples from Erfelek and Giinpmar Waterfalls and Omerli Dam Lake) for
GEO and MIB production by HS-SPME (Head space-solid phase microextraction) coupled
with GC-MS (gas chromatography-mass spectrometry). The presence of Cyanobacteria-
specific GEO and MIB synthase genes were also analyzed by PCR (Polymerase Chain
Reaction). Taste and odour production was confirmed in 2 samples by GC-MS while 4 samples
yielded positive results by PCR. All positive samples were environmental samples (3 samples
from waterfalls from Giinpinar and Erfelek Waterfalls, 1 sample from Omerli Dam Lake -a
drinking water reservoir) which were dominated by Nostoc Vaucher ex Bornet & Flahault,
Phormidium Kiitzing ex Gomont and Pseudanabaena Lauterborn. This is the first report of
GEO and MIB producing cyanobacteria in Turkish freshwaters by combining microscopy,
analytical and molecular techniques.

Ozet: Su kullanicilari, suyun giivenli olup olmadiklarma éncelikle onun tat ve kokusu gibi
estetik 6zelliklerine bakarak karar vermektedir. Geosmin (GEO) ve 2-methylisoborneol (MIB),
tatlisularda en yaygm olarak goriilen tat ve koku bilesikleridir ve suyun toprak ve kiif
kokmasina neden olurlar. Insanlar <10 ng/L gibi diisiik konsantrasyonlarda dahi bu kokulara
hassas olmalarindan dolay1 bu bilesiklerin igme sularinda tiiketici sikayetleri olusmadan 6nce
izlenmesi ve sorunun ¢oziilmesi olduk¢a Onemlidir. Bu sebeple, problemin kaynaginda
¢ozlimlenebilmesi i¢cin GEO ve MIB dreticilerinin tespit edilmesi gereklidir. Tatlisu
ekosistemlerinde bu  bilesiklerin  baglica {ireticilerinden  biri  siyanobakterilerdir
(Cyanobacteria). Bu ¢alismada 13 &rnek (9 siyanobakteri kiiltiiri, Bafa Golii, Elmali Baraj
Golii, Iznik Golii, Kiigiikgekmece Golii, Manyas Golii, Taskisigi Golii’nden ve 4 gevresel su
&rnegi, Giinpinar, Erfelek selaleleri ve Omerli Baraj Golii’nden) GEO ve MIB iiretiminin tespiti
i¢cin HS-SPME (Tepe Boslugu-Kat1 Faz Mikro Ekstraksiyon) GC-MS (Gaz Kromatografi-Kiitle
Spektrometresi) yontemi kullanilarak analiz edilmistir. Ayrica siyanobakterilere 6zgii GEO ve
MIB sentaz genlerinin varliginin tespiti igin PZR (Polimeraz Zincir Reaksiyonu) yontemi
kullanilmustir. iki 6rnekte GC-MS ile tat ve koku iiretimi tespit edilmis ve 4 6rnekte de PZR ile
pozitif sonu¢ alimmustir. Pozitif sonug elde edilen 6rnekler Nostoc Vaucher ex Bornet &
Flahault, Phormidium Kiitzing ex Gomont ve Pseudanabaena Lauterborn cinslerinin baskin
oldugu ¢evresel orneklerdir (3 selale, 1 igme suyu kaynagi 6rnegi). Bu c¢aligma Tiirkiye
tatlisularindaki tat ve koku iireticisi siyanobakterilerin mikroskobik, analitik ve molekiiler
yontemler birlikte kullanilarak tespit edildigi ilk kayzttir.

Therefore, some countries set a guideline value as 10 ng/L
in their drinking waters (Wakayama 2003, NHMRC
2011). The distribution of GEO and MIB in freshwaters
varies from lakes, rivers and drinking water reservoirs

© Copyright 2021 Tung, Ak¢aalan, Kéker & Albay
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with different trophic status (Jiittner &Watson 2007) and
their production have been reported so far from several
countries such as Australia, China, Finland, Japan and
USA (NHMRC 2011, Suurnékki et al. 2015, Otten et al.
2016, Zhang et al. 2016). GEO and MIB concentration
levels in drinking water sources may increase to 100-200
ng/L which are 10-20 times higher than the threshold
value (Brown et al. 2020).

Cyanobacteria are known to be the main producers of
these earthy and musty secondary metabolites in water
ecosystems (Watson & Jiittner 2019). GEO and MIB are
easily detected by a human in low concentrations (<10
ng/L) (Piriou et al. 2009). Although GEO is more
common than MIB (Devi et al. 2020), intracellular MIB
is less bound to cell and consequently can be released into
water easier than GEO (Watson & Jiittner 2019). In
addition, as a response to environmental factors such as
light, temperature etc., MIB production mechanism
responds faster in hours while GEO production
mechanism response can take days (Watson et al. 2016,
Watson & Jiittner 2019). The first challenge for
monitoring and treatment studies is the estimation of GEO
and MIB production time and concentration levels
(Fakioglu et al. 2018). The second challenge is the
presence of different producer groups in the same habitat
such as Cyanobacteria, Proteobacteria, Actinobacteria
and Ascomycota (Mattheis & Roberts 1992, Dickschat et
al. 2005, Cane et al. 2006, Watson et al. 2016). To
overcome this problem, PCR-based studies have started to
be used since 2008, in combination with chemical
analytical methods and microscopic techniques, to detect
the cyanobacteria-specific GEO and MIB synthase gene
(Giglio et al. 2008, Wang et al. 2011, Wang et al. 2016).

As one of the main producers, Cyanobacteria has a
wide range of distribution in different water sources
(lakes, reservoirs, rivers and marine environment) in
Turkey (Akcaalan et al. 2009, Akcaalan et al. 2014a,
Akcaalan et al. 2014b, Koker et al. 2017). Studies on their
presence and toxin production have increased in recent
years, but there is a limited number of studies on
cyanobacteria-associated taste and odour problems
(Albay et al. 2009, Demir et al. 2011, Fakioglu et al.
2018). In addition to this, MIB and GEO have been
reporting in drinking water quality reports of Istanbul,
especially in summer periods which consequently lead to
costly water treatment projects based on granular
activated carbon (ISKI 2020). However, there is no report
on producers of GEO and MIB in Turkish freshwaters.

In this study, Cyanobacteria from the culture
collection which were isolated from different Turkish
freshwaters, and environmental samples were screened
for their potential to produce GEO and MIB. To manage
the GEO and MIB related taste and odour problems in
freshwater ecosystems, it is necessary to detect producer
organisms and this is the first study to focus on the
detection of taste and odour producing Cyanobacteria
using both molecular and analytical methods.

Z. Tuncg et al.

Materials and Methods

Environmental Sample Collection

Environmental samples were collected from Omerli
Dam Lake and Giinpinar Waterfall and Erfelek Waterfall
in Turkey (Table 1). Omerli Dam Lake sample was taken
by a phytoplankton net with 20 pm pore size from
epilimnion and dominant cyanobacterium was identified
by microscopy (Komarek & Anagnostidis 2005, Komarek
2013). Waterfall samples were collected manually to a
plastic bottle and were transported to the laboratory in
cold chain. 15 ml environmental samples were
centrifuged at 10,000 x g for 10 minutes and pellets were
stored at -20°C until DNA extraction. 5 ml of the samples
were used in cyanobacterial strain isolation which was
done under the conditions reported by Rippka et al.
(1979). Under light microscopy, a serial water dilution
and trial inoculation process was applied with a sterile
Pasteur pipette on the center of an agar plate. All strains
were maintained under photoautotrophic  growth
conditions at 25°C. 1% (w/v) agar including medium BG-
11 and its variant BG-11™"s (BG-11 with the omission of
NaNOs3) were used for strain isolation.

Cyanobacterial Culture Conditions

Cyanobacteria cultures (different strains from
Cylindrospermopsis G.Seenayya & N.Subba Raju,
Dolichospermum (Ralfs ex Bornet & Flahault) P.Wacklin,
L.Hoffmann & J.Komarek, Microcystis Lemmermann,
Nodularia Mertens ex Bornet & Flahault, and
Sphaerospermopsis Mertens ex Bornet & Flahault genera)
were isolated from different freshwater sources and kept
in our cyanobacteria culture collection (Table 1). Cultures
were maintained according to Rippka et al. (1979) in the
same conditions with environmental samples at 25°C in
150 ml liquid Medium BG-11. The isolated cyanobacteria
species were mainly planktonic and a few of them were
benthic species. Oscillatoria sp. UHCC 0332, which is a
known GEO and MIB producer (in Suurnikki et al. 2015
mentioned as Planktothrix sp. 328), was used as a positive
control for GEO and MIB PCR reactions. 15 ml culture
samples were centrifuged at 10,000 x g for 10 minutes and
pellets were stored at -20°C until DNA extraction.

DNA Extraction

DNA extraction was done according to the modified
Xanthogenate DNA extraction method (Tillett & Neilan
2000). 1 ml of fresh cell lysis solution was added to the
pellets which were obtained after centrifugation of 15 ml
samples. The mixture was incubated in 70°C water bath
for 2 hours and vortexed every 30 minutes during the
incubation process. Then, the tubes were centrifuged
10,000 x g at 4°C for 10 minutes. Supernatants were
transferred into new tubes. Phenol: Chloroform: Isoamyl
alcohol solution (25:24:1) was used for nucleic acid
extraction. Isopropyl alcohol (>99%) and 1:10 volume of
3 M Sodium acetate were used for precipitation. DNA
quantity and quality were checked on NanoDrop with
2000/2000c software.
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Table 1. Collection information for environmental and culture samples.
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Dominant

No Collection Source .
Cyanobacterium

Location
(City-Country)

Coordinates

Collection Date

Environmental Samples

Nostoc sp.

1  Erfelek Waterfall Sinop-Turkey ‘;}P ig, 41‘2,,1; 2016, September
Phormidium sp.
. 38°33'21" N "
2  Ginpmar Waterfall Nostoc sp. Malatya-Turkey 370 25' 23" 2016, April
. i 41°3'13"N
3 Omerli Dam Lake Pseudanabaena sp. Istanbul-Turkey 29° 22" 50" E 2015, July
Culture Samples
Nodularia spumigena
IFCC-NS09 37°30"12" N
1  Bafalake Nodularia spumigena Aydin-Turkey 27° 26' 34" E 2011, June
IFCC-NS18
Microcystis aeruginosa . | 41°04'39" N
2  Elmali Dam Lake IFCC-MA23 Istanbul-Turkey 29°07' 10" E 2010, October
- Microcystis aeruginosa : 41°00' 16" N
3  Kiigiikgekmece Lake IFCC-MAOL Istanbul-Turkey 28° 44' 46" E 2005, January
Dolichospermum mendotae 2012, May
IFCC-AMO02 ) fgErm
. - 40° 26' 48" N
4 Iznik Lake Sphaerospermopsis Bursa-Turkey 29° 32 02" E
aphanizomenoides IFCC- 2004, August
AAQ2
Microcystis aeruginosa
IFCC-MA28 . 40°12' 08" N Ay, Oslier
5 Manyas Lake . . Balikesir-Turkey 0 Lo g
Cylindrospermopsis 27° 57 47" E 2005. November
raciborskii IFCC-CRO1 '
- Microcystis wesenbergii 40°52'16" N
6  Taskisigi Lake IFCC-MWOL Sakarya-Turkey 30° 24' 05" E 2005, February
Table 2. PCR reaction conditions.
PCR Type 16S GEO MIB
S G 27F/ geo78F/ 288AF/ MIB3324F/ MIB-Rf/
809R ge0982R 288AR MIB4050R MIB Rr
Pre-denaturation 94°C, 5 min. 94°C, 2 min. 95°C, 5 min. 94°C, 2 min. 94°C, 3 min.
Denaturation 94°C, 20 sec. 94°C, 30 sec. 95°C, 30 sec. 94°C, 30 sec. 94°C, 30 sec.
Annealing 55°C, 30 sec. 55°C, 30 sec. 55°C, 30 sec. 59°C, 30 sec. 58°C, 30 sec
Elongation 72°C, 60 sec. 72°C, 60 sec. 72°C, 120 sec. 72°C, 60 sec. 72°C, 60 sec.
Cycle 30 30 55 30 35
Final elongation 72°C, 7 min. 72°C, 5 min. 72°C, 10 min. 72°C, 5 min. -

PCR

PCR experiments were done according to the
published information of the primer sets (Saker et al.
2005, Giglio et al. 2008, Suurnékki et al. 2015, Wang et
al. 2016) with minor modifications (Table 2) after
optimization experiments. Cyanobacteria phylum specific
16S PCR reactions were done for all samples. Different
cyanobacteria-specific GEO and MIB primer pairs were
tested and PCR conditions were optimized with the
positive control (Oscillatoria sp. UHCC 0332) DNA.
Sterile water with no template DNA was used as the

Trakya Univ J Nat Sci, 22(2): 163-171, 2021

negative control. GEO and MIB PCR reactions were done
under mentioned (Table 3) conditions with 16S positive
environmental and culture samples. 20 ul PCR mixture
was prepared which includes 2 ul (1-50 ng final) template
DNA, 1 U Taq polymerase enzyme (Thermo Fisher) and
0.2 uM forward and reverse primers, 0.1 mM — 0.2 mM
dNTP mix, 2.5 mM MgCl,, 1x Taq polymerase buffer
solution in final concentration with sterile distilled water.
PCR products were screened with agarose gel
electrophoresis (1.2%) under 60-90 volt for 30-80 min
depending on the gel size.
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Table 3. Primers used.
Primer Sequences Amplicon size Gene References
27F 5-AGAGTTTGATCCTGGCTCAG-3 782 bp 16S rRNA Saker et al. 2005
809R 5'-GCTTCGGCACGGCTCGGGTCGATA-3’
geo78F 5'-GCATTCCAAAGCCTGGGCTTA-3' 905 bp S C;tEh(;se Suurnikki et al. 2015
ge0982R 5'-ATCGCATGTGCCACTCGTGAC-3' y
288AF 5'-AACGACCTGTTCTCCTA-3' 288 bp ‘ GtEhO Giglio et al. 2008
288AR 5-GCTCGATCTCATGTGCC-3' ynihase
MIB3324F 5’-CATTACCGAGCGATTCAACGAGC-3' MIB .
MIB4050R 5'-CCGCAATCTGTAGCACCATGTTGA-3' 726 bp synthase  Suumakkietal. 2015
MIB-Rf 5’-CGACAGCTTCTACAYCYCCATGAC-3’ MIB
202 bp Wang et al. 2016
MIB-Rr 5'-CGCCGCAATCTGTAGCACCAT-3' Synthase
Sequence Analysis sp. were the dominant Cyanobacteria species in

Sequence analysis was performed for positive GEO
and MIB PCR products which were sequenced by 2-
direction Sanger sequencing technique of MedSanTek
(Turkey). Sequences were deposited in GenBank with
Accession numbers between MK124613 - MK124616.
BLASTN (Basic Local Alignment Search Tool) was used
to determine the most similar cyanobacteria-specific GEO
and MIB synthase nucleotide sequences to our PCR
products (Altschul et al. 1990).

HS-SPME Coupled GC-MS

GEO and MIB quantification methods were applied
with GEO (Dr. Ehrenstorfer XA14005000ME) and MIB
commercial standards (Dr. Ehrenstorfer
XA15088400ME). Analysis was done in GC (Perkin
Elmer Clarus 680) - MS (Clarus SQ 8T) equipped with a
column of Elite-5ms using TurboMass software according
to the method published by Kaloudis et al. (2017). 10 ml
samples were taken from 3 week old cultures and stored
in a freezer (-80°C) until extraction. Giinpinar Waterfall
and Omerli Dam Lake water samples were also stored at
-80°C. To perform HS-SPME extraction, 10 ml samples
were transferred to 20 ml vials which included 3.5 gr NaCl
(Merck 1.06404.1000 99) and closed with a crimper.
Extraction was done at 500 rpm, 55°C for 30 minutes with
SPME fiber (Supelco 57348-U). After the extraction, the
manual injection was performed at 250°C for 15 minutes.
GC oven temperature initiation was 60°C and it reached
260°C (15°C/min). Helium was used as mobile phase (1
ml/min). Quantification was done in Selected lon
Recording (SIR) mode specific for GEO and MIB.

Results

To screen presence or potential GEO and MIB-based
taste and odour problems and also to detect taste and odour
producer Cyanobacteria species in different type of samples
(monoalgal culture samples, drinking water reservoir
sample and waterfall samples) was aimed in the present
study. MIB-based taste and odour problem was found in
Omerli Dam Lake while GEO production was found in
Giinpmar Waterfall together with a potential of Erfelek
Waterfall. Pseudanabaena sp., Nostoc sp. and Phormidium

environmental samples (Fig. 1). Oscillatoria sp. UHCC
0332 (Fig. 1a) is a known GEO and MIB producer
cyanobacterium and it was used as the positive control
sample in PCR and GC-MS analysis.

Cyanobacteria specific GEO and MIB synthase genes
were selected for PCR analysis to detect the potential
GEO and MIB producer cyanobacteria in the samples.
Sequence analysis of PCR products was performed to
find the closest nucleotide homologs of our products. To
reveal whether taste and odour compounds were
synthesized or not, GC-MS analysis was performed. The
summary of the results is given in Table 4.

PCR Amplification of GEO and MIB Synthase Genes

Primarily, the presence of cyanobacteria in
environmental samples were determined. Cyanobacteria
specific 16S rRNA PCR was conducted and 16S rRNA
positive DNA samples with 782 bp PCR product were used
in further GEO and MIB specific PCR analysis (Fig. 2).

MIB and GEO PCR optimization studies were done
under different annealing temperatures. Relatively shorter
target region-specific primers were also tested in the
samples. Target regions were successfully amplified in
environmental samples. GEO synthase gene was detected
in Erfelek and Glinpinar Waterfall samples, MIB synthase
gene was detected in Omerli Dam Lake sample and
culture samples were negative for both GEO and MIB
PCR (Table 4)

Sequence Analysis Results

The resulting PCR products were Sanger sequenced and
aligned by BLAST. The closest homolog of GEO amplicon
from Giinpmar Waterfall sample (Sequence ID:
MK124615) was Nostoc sp. C057 GEO synthase
(Sequence ID: CP040281) with a good similarity
percentage of 91%. Two different GEO amplicons were
sequenced from Erfelek Waterfall sample (Sequence ID:
MK124614 and Sequence ID: MK124616). The closest
homologs of our sequences were Nostoc sp. C057 GEO
synthase (Sequence ID: CP040281) with similarity
percentage 85.96% and Oscillatoria sp. 372/2 GEO
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synthase (Sequence ID: KJ658373) with similarity
percentage 93.17%. The closest homolog of MIB amplicon
from Omerli Dam Lake (Sequence ID: MK124613) was
Pseudanabaena limnetica str. Castaic Lake MIB synthase
(Sequence ID: HQ630883.1) with a perfect similarity
percentage of 99%.

Quantification of GEO and MIB by HS-SPME Coupled
GC-MS

GEO and MIB commercial standards were prepared
and injected in Total lon Chromatogram (TIC) mode of the
mass spectrum to create a specific GC method (Fig. 3).
Retention times were found 8.58 for MIB and 11.25 for
GEO, qualifier ions m/z values were 95 and 112,

respectively. Dilution series of these standards were
injected after HS-SPME extraction and quantification of
these compounds in the samples were done according to the
calibration curves of these standards (R?> 0.99 for each
compound).

GEO was detected in Ginpmar Waterfall sample
while MIB was detected in Omerli Dam Lake sample
(Table 4). GEO production could not be analyzed in
Erfelek Waterfall sample because of the unavailability of
the strain isolation and limited water sample volume.
However, earthy/musty odour was easily confirmed by
sensory analysis.
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Fig. 1. Microscopy images of potential MIB and GEO producer species detected in the study. a. Oscillatoria sp. UHCC 0332; b.
Pseudanabaena sp. from Omerli Dam Lake; ¢. Nostoc sp. from Giinpmar Waterfall. (Scale bar = 20um)

Table 4. The species revealed by microscopic observations with their corresponding sources, PCR and GC-MS results and accession

numbers from sequencing (nd: not detected, na: not analyzed).

Microscopy PCR GC-MS Sequencing
No Source ST GEO MIB  GEO MIB  Accession no
4 (+-) () (g/)  (ng/l)  (GenBank)
1  Erfelek Waterfall Nostoc sp. + - na na MK124614
2  Erfelek Waterfall Phormidium sp. + - na na MK124616
3 Guinpmar Waterfall Nostoc sp. + - 323 nd MK124615
4 Omerli Dam Lake Pseudanabaena sp. - + nd 21 MK124613
Culture Samples
Nodularia spumigena
1 Bafalake IECC-NS09 - - nd nd -
Nodularia spumigena
2 Bafalake IFCC-NS18 - - nd nd -
Microcystis aeruginosa
3 Elmali Dam Lake IFCC-MA23 - - nd nd -
4 Kiiciikcekmece Microcystis aeruginosa _ _ nd nd _
Lake IFCC-MA01
i Dolichospermum mendotae IFCC-
5  Iznik Lake AMO2 - - nd nd -
Lo Sphaerospermopsis aphanizomenoides
6  Iznik Lake IFCC-AAQ2 - - nd nd -
Microcystis aeruginosa
7  Manyas Lake IFCC-MA28 - - nd nd -
8  Manyas Lake Cylindrospermopsis raciborskii IFCC- _ _ nd nd _
CRO1
< Microcystis wesenbergii
9  Taskisig1 Lake IFCC-MWO1 = - nd nd -

Trakya Univ J Nat Sci, 22(2): 163-171, 2021
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Fig. 2. Cyanobacteria specific 16S rRNA gene amplified from some samples. 1: 100bp size marker (Grisp, Portugal), 2: positive control
(UHCC 0332), 3: IFCC-MAO01, 4: IFCC-NS18, 5: IFCC-AA02, 6: IFCC-AMO02, 7: Giinpinar Waterfall, 8-9: Erfelek Waterfall
(Phormidium sp. and Nostoc sp. dominant, respectively), 10: negative control.
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Fig. 3. Total ion chromatogram (TIC) of MIB and GEO mixed standard.

Discussion
Cyanobacteria are the source of many interesting
volatile odour compounds (VOCs) in aquatic

environments. Some of these VOCs smell “good” like
fruit, violet or magnolia while the rest of them smells
“bad” like earth, must, septic, garlic, tobacco, fish or
cabbage (Lee et al. 2017). In addition to their odour
causing roles in water, these VOCs could serve to enhance
the tolerance of producer in harsh conditions, create
allelopathic effects on other algae and aquatic
macrophytes, and protect the organism against predators
(Zuo 2019). GEO and MIB are two VVOCs with earthy and
musty odour produced by cyanobacteria. They have no
known effects on human health, there are limited studies
on the role of these compounds in the aquatic
environments and the results are contradictory or the
effective concentrations (g/L) are far above common
environmental concentrations (Watson 2003). Although
their ecological impacts are not yet fully understood, they
are the most commonly reported taste and odour
compounds in aquatic environments (Devi et al. 2020).
The genes which encode the key biosynthetic enzymes

which are essential for GEO and MIB production in
cyanobacteria have recently been reported (Giglio et al.
2008, Giglio et al. 2011). The nucleotide information is a
powerful tool not just to detect GEO and MIB producer
Cyanobacteria but also to investigate the effect of
environmental parameters on VOCs production at the
gene expression level.

In this study, diverse cyanobacteria species in
laboratory cultures and environmental samples were
screened for the presence of GEO and MIB biosynthetic
genes to uncover the responsible producers in aquatic
ecosystems. GEO and MIB concentration levels were also
guantified to confirm the results of molecular analysis.
GEO and MIB biosynthetic genes were successfully
amplified in environmental samples. The results were also
confirmed with the GC-MS (Table 4). A well-known MIB
producer Pseudanabaena sp. was found in an important
drinking water reservoir, Omerli Dam Lake sample (Fig.
1b) and sequence analysis of MIB PCR amplicon from
this sample has high similarity with the same genus MIB
synthase sequence (99%). Pseudanabaena species are the
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main reason for MIB episodes in many countries such as
China, Japan, South Korea and USA (lzaguirre & Taylor
1998, Niiyama et al. 2016, Zhang et al. 2016, Chong et al.
2018). However, this is the first MIB producer
Cyanobacteria report for Turkey where Pseudanabaena
species have a wide distribution in freshwaters including
lakes, rivers and thermal waters (Fakioglu et al. 2011,
Tagkin et al. 2019). MIB production level was found
relatively high (21 ng/L) which is above the human odour
threshold concentration (<10 ng/L) and also above the
drinking water standard limit levels (10 ng/L) according
to Australia and Japan guidelines (Wakayama 2003,
NHMRC 2011). In the same operational guideline of
Australia, it was suggested to increase the sampling
period to every 2 days if >10 ng/L GEO/MIB levels are
detected at treatment plant inlet and to introduce
powdered activated carbon dosing if the same levels are
detected at treatment plant outlet. To detect this threshold
values is necessary to use appropriate treatment methods
in water, and using PCR-based detection tools together
with microscopy-based identification would be beneficial
to reveal the main sources of the GEO and MIB. MIB
producer Pseudoanabaena was detected in one sample
from Omerli Dam Lake. Some other toxic Cyanobacteria
species (Aphanizomenon flosaquae Ralfs ex Bornet &
Flahault,  Cuspidothrix issatschenkoi  (Usachev)
P.Rajaniemi, Komarek, R.Willame, P. Hrouzek,
K.Kastovska, L.Hoffmann & K.Sivonen and Microcystis
aeruginosa (Kiitzing) Kiitzing) were also reported in the
lake (Koker et al. 2017). Since the lake has a mesotrophic
character, the possibility to have cyanobacteria blooms is
possible in the following years with a potential of MIB
and cyanotoxin production. Although MIB and other
VOCs could not demonstrate the presence of toxic
cyanobacteria, nevertheless it could be an early warning
system about the problems in an aquatic ecosystem.

Other well-known VOC producers, Nostoc sp. and
Phormidium sp., were also identified in Giinpinar and
Erfelek Waterfall samples (Fig. 1c). Nostoc spp. and
Phormidium spp. are common sources of taste and odour
problems which were reported in many countries such as
Australia, Canada, Finland, Japan, Serbia and USA
(Sugiura et al. 1998, Izaguirre & Taylor 2004, Kutovaya
& Watson 2014, Milovanovi¢ et al. 2015, Suurnékki et al.
2015). Nostoc and Phormidium species were also detected
in some important drinking water sources in Turkey
(Fakioglu et al. 2011, Koker et al. 2017). Sequence
analysis of GEO PCR amplicons from the samples have
good similarities with Nostoc sp. and Oscillatoria sp.
GEO synthase genes (between 85-93%). Furthermore,
GEO level was found much higher than human threshold
limits (321 ng/L) in Nostoc sp. colonies taken from
Giinpinar Waterfall sample. Unfortunately, due to its
limited amount, GC-MS analysis could not be performed
in Erfelek samples. The results from Waterfall samples
are the first taste and odour reports for these areas and
further detailed studies are important to understand the
drivers for the proliferation and odour production of these
cyanobacteria.
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In waterfall samples, 288AF/288AR primers
amplified the targeted region while 78F/982R primers
did not. The lack of universal GEO synthase primers was
considered the main reason for this result. GEO synthase
gene sequences were found more diverse to design a
universal primer in comparison to MIB synthase region
and challenges for GEO primer design has been reported
recently (Devi et al. 2020). Therefore, limited sequence
data to target a more diverse sequence region may have
caused the primer-template DNA mismatches as in
previous studies (Kutovaya & Watson 2014, Otten et al.
2016).

In contrast with the environmental samples,
interestingly, isolates of cyanobacteria from Turkish
freshwaters are neither capable of producing GEO or MIB
nor have a production potential (Table 4).
Dolichospermum, Sphaerospermopsis,
Cylindrospermopsis and Nodularia were investigated
genera in this study which were already reported as GEO
or MIB producer in previous studies (Popin et al. 2016,
Watson et al. 2016, Zhang et al. 2017, Pham et al. 2020).
Also, Microcystis strains were investigated with the
knowledge of other coccoid cyanobacteria such as
Synechococcus C.Négeli or Coelosphaerium Négeli as a
producer (Kutovaya & Watson 2014, Godo et al. 2017).
On the other hand, the results are limited with the
investigated strains and VOC production may vary from
one strain to another (Watson et al. 2016). Further
studies should be done also to investigate other VOCs
from these genera such as Dimethyl trisulfide (DMTS),
B-Cyclocitral, 2,4,7-Decatrienal, 6-Methyl-5-hepten-2-
one which cause septic, tobacco, fish or fruit-like
odours, respectively, in aquatic environments (Lee
2017).

In this study, GEO positive samples were dominated
by benthic filamentous cyanobacteria while MIB positive
sample was dominated by planktonic filamentous
cyanobacteria. This is the first report of GEO and MIB
producing cyanobacteria in Turkish freshwaters which
was determined by molecular and analytical methods,
identified by microscopy and bioinformatics tools.
However, more study should be done for confirmation of
gene expression status of these cyanobacteria.
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Introduction

Abstract: Cancer, which is the second most common cause of death after cardiovascular
diseases, is one of the most important health problems of today. Discovery of effective
treatments and drugs are important in cancer treatment. The COVID-19 epidemic, which
broke out in Wuhan province of China in December 2019 and is considered as a pandemic
worldwide, affected millions of people. The SARS-CoV-2 virus, which causes this epidemic,
affects the lungs, heart, brain, kidneys, gastrointestinal system, ovaries and testicles and
various drugs are used in the treatment. In this study, we aimed to determine the cytotoxic
effect of favipiravir, dornase alfa and ivermectin, which are drugs used in the treatment of
COVID-19, on human lung cancer cell line (A549). Favipiravir, dornase alfa and ivermectin
concentrations were prepared in doubly increasing doses (0.5-64 pg/mL). The prepared
concentrations were tested on human A549 cells. After 24 hours of incubation, the cytotoxic
effects of the drugs on cancer cells were detected by the MTT (3-(4,5-dimethylthiazol-2-yl)-
diphenyl tetrazolium bromide) method. The results were given as % viability. It was
determined that favipiravir, dornase alfa and ivermectin significantly decreased the cell
viability in lung cancer cell line with increasing application doses (p<0.05).

Ozet: Kalp damar hastaliklarindan sonra ikinci 6liim nedeni olan kanser, giiniimiiziin en
onemli saglik sorunlarindan biridir. Etkili tedavilerin ve yeni ilaglarin kesfedilmesi kanser
tedavisinde 6nem arz etmektedir. Aralik 2019'da Cin'in Wuhan eyaletinde patlak veren ve
diinya c¢apmnda bir salgin olarak kabul edilen COVID-19 salgin1 milyonlarca insant
etkilemektedir. Bu salgina neden olan SARS-CoV-2 viriisii basta akcigerleri olmak iizere
kalbi, beyni, bobrekleri, gastrointestinal sistemi, yumurtalik ve testisleri etkilemekte ve
tedavisinde ¢esitli ilaglar kullanilmaktadir. Bu ¢alismada, COVID-19 tedavisinde kullanilan
ilaglar olan favipiravir, dornaz alfa ve ivermektinin insan akciger kanseri hiicre hatt1 (A549)
tizerindeki sitotoksik etkisinin belirlenmesi amaglanmigtir. Calismada favipiravir, dornaz alfa
ve ivermektin ilaglarinin konsantrasyonlar: iki kat artan dozlarda (0,5-64 pg/mL) hazirland:.
Hazirlanan konsantrasyonlar, insan AS549 hiicreleri lizerine uygulandi. 24 saatlik
inkiibasyondan sonra, ilaglarin hiicre hatlar1 tizerindeki sitotoksik etkileri, MTT (3-(4,5-
dimetiltiyazol-2-il)-difenil tetrazolyum bromiir) yontemi ile tespit edildi. Sonuglar % canlilik
olarak verildi. Artan doza bagli olarak favipiravir, dornaz alfa ve ivermektinin akciger kanseri
hiicre dizisinde hiicre canliligini 6nemli 6l¢iide azalttig1 belirlendi (p<0.05).

Cancer is a health problem that forms a group of
diseases characterized by uncontrolled division and
proliferation of cells in an organ or tissue followed by
metastasis to other parts of the body (Jackson & Loeb 2001)
and manifested by disruption of molecular pathways
(Sivanandam et al. 2010, Varkaris et al. 2014). The
complexity of molecular pathways involved in the process
of carcinogenesis is one of the most important factors that
makes cancer treatment difficult and slows down the
development of molecular targeted therapy. In this context,
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it is very important to analyze the developmental stages of
the cancer process properly and to apply the correct
treatment for patients to regain their health.

Unfortunately, there is no definitive treatment method
for cancer. In addition to classical treatment methods such
as radiotherapy, chemotherapy and surgery in cancer
treatment, additional targeted applications (healthy
nutrition, regular physical activity, avoidance of stress
and targeted therapies) are important for the success of

© Copyright 2021 Karakus, Karakus, Usta, Herdem, Aksu, Ozdemir, Cukurcak, & Citakoglu


mailto:akarakus@bartin.edu.tr

174

treatments (Huang et al. 2010, Nettore et al. 2018, Serda
et al. 2018). Considering the complex process of cancer
and different physiological characteristics of patients, the
discovery of more effective drugs in cancer treatment
constitute a very important research area.

The COVID-19 epidemic, which appeared in Wuhan
province of China in December 2019 and was admited a
global pandemic in March 2020, is considered a global
threat to public health. COVID-19 patients are either
asymptomatic or have the disease with clinical course
ranging from mild to severe pneumonia, respiratory
failure and sometimes death. In addition to
comprehensive public health preventions to deal with this
disease, an unprecedented global effort is under way to
identify effective drugs for treatment. As a result of
understanding the virology of SARS-CoV-2, current and
effective pharmacological treatments against COVID-19
are being researched (Poti et al. 2020). Favipiravir,
dornase alfa and ivermectin are among the potential
therapeutic agents used in the treatment of COVID-19.

Favipiravir is an antiviral drug approved in Japan (Joshi
et al. 2021). Favipiravir triphosphate is a purine analog that
is a competitive inhibitor of RNA-dependent RNA
polymerase (Coomes & Haghbayan 2020). It has been used
in many countries to treat new viral infections, including
Ebola and Lassa. As an antiviral drug, Favipravir is
authorized for use in the treatment of COVID-19 in many
countries, including Japan, Russia and India, under
emergency provisions (Nagakrishna & Thawani 2020).

Dornase alfa, known as the recombinant form of the
human DNase | enzyme, is a drug that has been used for
years to reduce the severity of infections in respiratory
diseases and improve lung function in patients with cystic
fibrosis. It is well known that pneumonia related with
COVID-19 progresses to severe acute respiratory
syndrome and even multiple organ failure. The highly
viscous mucus structure observed in cystic fibrosis was
reported to be very similar to that in COVID-19 (Okur et
al. 2020). Dornase alfa was found to exert anti-viral effect
against coronavirus in Madin-Darbybovine kidney cell
line (MDBK) and green monkey kidney cell line (Vero)
without cytotoxicity on healthy peripheral blood
mononuclear cells (Okur et al. 2020).

The potential of ivermectin to reduce transmission of
mosquito-induced malaria is being evaluated by various
studies worldwide. Ivermectin is reported to inhibit the in
vitro replication of some positive, single-stranded RNA
viruses, such as Zika virus, yellow fever virus, dengue
virus (DNV) etc. Recently, ivermectin has been reported
to strongly inhibit the replication of SARS-CoV-2 virus in
vitro (Chaccour et al. 2020).

This study was carried out to have a preunderstanding
for how can be affected lung cells in vitro when a person
both COVID-19 and lung cancer if use these drugs, also
to determine the cytotoxic effects of favipiravir, dornase
alfa and ivermectin on A549 cells. Moreover, since lack
of information about cytotoxic effects of COVID-19
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drugs on lung cancer cells in literature, this study was
performed. However, experimental studies and analyses
in this study should be supported with clinical
applications and in vivo experiments.

Materials and Methods

Cell lines and culture conditions

The study was carried out at Bartin University Central
Research Laboratory, Anticancer Research Laboratory.
A549 cell line (ATCC) was used as the cell type in the
study. Dulbecco's Modified Eagle Medium (DMEM)
(Sigma-Aldrich, USA,; prepared by adding 10% Fetal
Bovine Serum (FBS), 0.1 mg/mL streptomycin and 100
U/mL penicillin) was used to feed A549 cells. Cells were
cultured in 75 cm? culture flasks (TPP; Switzerland) and
the cultures were incubated in a humidified incubator
(37°C, 5% CO2; N-biotech, Korea). The medium was
changed every 3-4 days and the cell passages were made
when the cells reached 80-90% confluence.

Test drugs

05,1, 2,4,8, 16, 32 and 64 pg/mL concentrations of
favipiravir (Santa Cruz Inc.), dornase alfa (Genentech)
and ivermectin (Santa Cruz Inc.) were prepared in DMEM
(for A549 cells).

MTT assay

The effects of favipiravir, dornase alfa and ivermectin
on A549 cell viability were determined by the MTT (3-
(4,5-dimethylthiazol-2-yl)-diphenyl tetrazolium bromide)
method. Confluent cells were scraped from the bottom of
the flasks with Trypsin-EDTA and then counted under the
microscope. The cells were seeded in the 96-well plates at
a density of 15x108 cells per well. The seeded cells were
incubated at 37°C in an incubator with CO; for 24 h. The
media were changed following the incubation, different
concentrations of favipiravir, dornase alfa and ivermectin
were added to the wells in which the cells were seeded,
and the incubation was done for 24 h (Koran et al. 2017).
Subsequently, the media in the wells were withdrawn,
then MTT solution (0.5 mg/mL) prepared in sterile
Phosphate-Buffered Saline (PBS) was added to each well,
and the plates were incubated for 3 h. Subsequently, the
solution in the wells was withdrawn and incubation was
stopped by adding 100 pL dimethyl sulfoxide to each
well. Optical densities of the cells in microplates were
determined by a  spectrophotometer  (Thermo,
Multiscango) at 570 nm wavelength (Mosmann 1983).

The average of the absorbance values of the control
wells was calculated and these values were determined as
100% cell viability. Percentages of viability values of
cells were determined by proportioning the absorbance
values obtained from the wells treated with favipiravir,
dornase alfa and ivermectin to the control absorbance
value. MTT assays were done 10 times on different days,
with double repeats for each plate. According to the MTT
assay results, the half maximal inhibitory concentration
value (I1Cso) was calculated using GraphPad Prism 9 (San
Diego, CA, USA).
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Statistical analysis

GraphPad Prism 9 package program for Windows was
used in statistical analyses. One-way ANOVA was used
to detect differences among the groups and multiple
comparisons were analyzed with Tukey's test.
Quantitative data were given as the mean with standard
deviation (meantSD) and p<0.05 was indicated as
statistically significant.

Results

The cytotoxic effects of favipiravir and dornase alfa
drugs on human lung cancer cell line (A549) are shown in
Fig. 1 and Fig. 2, respectively. A decrease in cell viability
was determined for favipiravir at concentrations of 2
pg/mL and above (2-64 pg/mL) and for dornase alfa at all
concentrations (0-64 pg/mL), compared to the control
group. These decreases in cell viability were statistically
significant (p<0.05).
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Fig. 1. % Change in viability of A549 human lung cancer cells
treated with different concentrations of favipiravir for 24 hours.

The data obtained are shown as mean + SD. *p<0.05 vs control
group (There are 15x10° cells in each well of 96 microplates).
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Fig. 2. % Change in viability of A549 human lung cancer cells
treated with different concentrations of dornase alfa for 24
hours. The data obtained are shown as mean + SD. *p<0.05 vs
control group (There are 15x10° cells in each well of 96
microplates).

Trakya Univ J Nat Sci, 22(2): 173-177, 2021

The effects of the ivermectin on cell viability of A549
human lung cancer cell line are shown in Fig. 3. Although
a significant dose dependent decrease in viability of A549
cells treated with ivermectin was detected at
concentrations of 0.5-4 pg/mL compared to control, cell
viability remained almost constant between 4-64 pug/mL
concentrations.

We also detected the ICso values of the drugs used.
While ICsp values of favipiravir and dornasa alfa were
calculated almost close to each other, 1Cso value of
ivermectin was relatively lower than favipiravir and
dornase alfa (Table 1).
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Fig. 3. % Change in viability of A549 human lung cancer cells
treated with different concentrations of ivermectin for 24 hours.
The data obtained are shown as mean + SD. *p<0.05 vs control
group (There are 15x102 cells in each well of 96 microplates).

Table 1. 1Cso (ng/mL) values of favipiravir, dornase alfa and
ivermectin calculated for A549 human lung cancer cells.

Favipiravir Dornase alfa lvermectin
Cell I1Cs0 (ug/mL)  1Cso (ug/mL) I1Cs0 (ng/mL)
A549 12.55 12.13 0.306
Discussion
Studies  reported that various anti-diabetic,

antipsychotic, anti-malarial and antiviral drugs have
antineoplastic properties against lung, prostate, colorectal,
gastric, breast and overian tumors (Kaushik et al. 2021).
In preclinical studies, it was determined that these non-
neoplastic drugs trigger apoptosis by various intracellular
signaling mechanisms, stop cell proliferation and exert
anti-metastatic effects. Some anti-neoplastic drugs give
positive results for cancer in clinical studies (Kaushik et
al. 2020). Because of these features, it is important to
define new therapeutic agents and to determine their
biological activities in cancer research.

Ivermectin is a broad-spectrum antiparasitic drug
(Khan et al. 2020) and has been reported as an anticancer
agent in some cancer types due to its potential to inhibit
tumor growth (Sharmeen et al. 2010, Melotti et al. 2014).
Ivermectin was reported to have an anti-proliferative
effect on esophageal squamous cell carcinoma (ESCC)
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cells. lvermectin also significantly inhibits ESCC cell
growth, migration and invasion by blocking PAK1
signaling (Chen et al. 2020). We showed that ivermectin
decreased A549 cell viability. However, the molecular
mechanism of this effect can be elucidated by further
studies.

In another study, the cytotoxic effect of ivermectin on
human stomach cancer cell lines (MKN1, MKN?7,
MKN28, MKN45, MKN74, SH-10-TC, NUGC-3,
NUGC-4, AGS, GSU and KE-39, RIKEN) was
investigated for 48 hours and among the cell lines tested,
it was shown that MKN1 cells were the most sensitive to
ivermectin and SH-10-TC cells were also drug sensitive.
In contrast, MKN7 cells and MKN28 cells were resistant
to ivermectin. Therefore, MKN1 and SH-10-TC cells are
defined as ivermectin sensitive and MKN7 and MKN28
cells as ivermectin resistant cells (Nambara et al. 2017).
In our study, A549 cells did not show resistance to the test
drugs we used.

Additionally, ivermectin has been reported to induce
cell death in human leukemia cells (OCI-AML2, HL60,
U937, KG1la) through chloride influx, membrane
hyperpolarization, and increased intracellular ROS levels
(Sharmeen et al. 2010).

As a result, we investigated, for the first time, the
cytotoxic effects of favipiravir, ivermectin and dornase
alfa, which are drugs used in the treatment of COVID-19,
on human lung cancer cells (A549). In our study, we
detected for the first time that favipiravir, dornase alfa and
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Introduction

Suaeda Forssk. ex J.F. Gmelin (Chenopodiaceae
Vent./Amaranthaceae Juss.; Suaedoideae) is a halophytic
genus and is represented by about 100 species worldwide
(Ferren & Schenk 2003, Brandt et al. 2015). The genus
has a cosmopolite distribution and the majority of taxa are
spread in saline and alkaline soils.

The genus is taxonomically represented by two
subgenera as Brezia (Moq.) Freitag
& Schiitze and Suaeda and eight sections are associated
with them (Schiitze et al. 2003). Different researchers
conducted systematic (Schiitze et al. 2003, Kapralov et al.
2006, Brandt et al. 2015) and taxonomic studies (Schenk
& Ferren 2001, Lomonosova & Freitag 2011, Freitag &
Lomonosova 2017) at tribus, genus and sectional levels,
primarily within the Suaedoideae subfamily. Three new
species were described in the last two decades
(Lomonosova & Freitag 2003, Alonso et al. 2004,
Noguez-Hernandez et al. 2013).

In Turkey, the first study on the genus was conducted
by Aellen (1967) and a total of seven species were reported
in the second volume of “Flora of Turkey”. Then, Suaeda
linifolia Pallas was added in the tenth volume (Davis et al.
1988) and S. splendens (Pourret) Gren. & Godron was
recorded in the eleventh volume by Freitag (2000) making
the total number of species nine (Yaprak 2012).

Suaeda aegyptiaca (Hasselquist) Zohary was firstly
evaluated under the name of Chenopodium aegyptiacum
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Abstract: In this study, Suaeda aegyptiaca (Hasselquist) Zohary is reported as a new record
for Turkish flora from Akgakale district in Sanliurfa province. The species is classified under
section Salsina Mog. of the genus Suaeda Forssk. ex J.F. Gmel. in Suaedoideae subfamily.
The comprehensive description, distribution maps in Turkey, habitat features, morphological
characteristics and digital images of the species are given.

Ozet: Bu c¢alismada, Sanlrfa ili Akcakale ilgesinden Suaeda aegyptiaca (Hasselquist)
Zohary tiirii Tirkiye florasi igin yeni kayit olarak verilmektedir. Tir, Suaedoideae
altfamilyasi, Suaeda Forssk. ex J.F. Gmel. cinsi Salsina Moqg. seksiyonu altinda
siiflandirtlmigtir. Tiiriin kapsamli betimi, Tiirkiye’deki dagilis haritasi, habitat 6zellikleri,
morfolojik karakterleri ve fotograflart verilmistir.

Hasselquist in 1757 and was used with that name until
mid-20" century. However, in the study conducted by
Zohary in 1957, Chenopodium aegyptiacum was
transferred from the genus Chenopodium L. to the genus
Suaeda and republished under the name Suaeda
aegyptiaca (Zohary 1957).

The species is distributed in three continents and in a
total of 23 countries, which are in Mediterranean
(Cyprus), north Africa (Tunisia, Libya, and Egypt),
northeast Africa (Sudan, Eritrea, Ethiopia, Djibouti, and
Somalia) central and southwest Asia (Afghanistan,
Pakistan, Iran, lraq, Israel, Lebanon, Syria, and Jordan)
and Arabian Peninsula (Saudi Arabia, Yemen, Oman,
United Arab Emirates, and Kuwait) (Powo 2021,
Wikipedia 2021). The species is also present in South
Australia as naturalized. The distribution of S. aegyptiaca
in Turkey remained unknown until this study.

The aim of this study is to give the record of S.
aegyptiaca, a new species of the genus, from Sanliurfa
and give some informations about the species.

Materials and Methods

The material of the study comprises the plant samples
collected during the fieldwork conducted between the
years 2018 and 2019. The samples were pressed and dried,
as required by common herbarium rules. The samples
were identified using the volumes of “Flora of Turkey”
(Aellen 1967, Davis et al. 1988, Giiner et al. 2000) and


mailto:isabaskose@gmail.com

180

the flora of neighboring countries and the relevant
literature (Zohary 1966, Tackholm 1974, Meikle 1985,
Hedge 1997, Freitag 2013). In addition, digital
photographs of the samples associated with the species in
international herbaria [BM, BRY, C, E, DES, HGB, P, S,
U, WAG (acronyms according to Thiers 2021)] were
examined and compared with the specimens. The
identified specimens were deposited in the herbarium
collection of Ankara University, Faculty of Science,
Department of Biology (Herbarium-ANK).

Digital measurements of all morphological
characteristics of the specimens were taken using the BAB
stereo binocular microscope and the BAB image
processing and analysis system (Bs200Pro) using both the
dry samples and the samples fixed in 70% Ethanol solution.

Results

Taxonomic Treatment

Suaeda aegyptiaca (Hasselq.) Zohary

= Chenopodium aegyptiacum Hasselq., Iter Palaest. 460
(1757).

= Schanginia aegyptiaca (Hasselg.) Aellen in K.H.
Rechinger, Fl. Lowland Iraq 195 (1964).

= Suaeda baccata Forssk. ex J.F. Gmel., Syst. Nat. ed. 13: 503
(1791).

Type : Alexandria, FI. Aeg. Arab. p. LXIV N186 p. 69 Cent.
111 N15 hodie Suaeda baccata, September 1761, P. Forsskl 164
(holotype C, photo!).

= Schanginia baccata (Forssk. ex J.F. Gmel.) Mog., Chenop.
Monogr. Enum. 119 (1840).

= Suaeda hortensis Forssk. ex J.F. Gmel., Syst. Nat. ed. 13,
2(1): 503 (1791).

Syntype: Taizz, Fl. Aeg. Arab. p. LXV N188 p. 71 Cent. I11
N21 hodie Suaeda hortensis, 1763, P. Forsskl 145 (C and S,
photo!).

= Schanginia hortensis (Forssk. ex J.F. Gmel.) Mog. Chenop.
Monogr. Enum. 119 (1840).

Plant annual and herbaceous, in early period light
green, in late period dark green, glabrous. Stem up to 100
cm high, erect, ascending, or rarely decumbent, much and
repeatedly branched, branches erect or ascending, the
lower often spreading, terete or delicately striate; in young
condition pale green throughout, later turning whitish to
cream-colored; stem and all branches woody in fruiting
time. Leaves 7.0-35.0 x 1.5-3.5 mm, succulent, linear or
oblong, kidney-shaped in cross section, margin entire,
apex obtuse, sessile or at base attenuate into a short
petiole, the lower straight, the upper arcuate, ascending to
spreading. Inflorescences leafy, shorter or longer spike-
like, loose or dense, in apical parts often flexuose, axillar
and glomerate; glomerules 1-30 flowered, 0.5-1.0 cm
diameter, alternate arrangement, inserted on very short
axillary branchlets, sometimes fused for a very short
distance with the petiole of the leaves. Bracts and
bracteoles present. Bracts 1, 1.0-1.7 x 0.5-1.0 mm, ovate,
ovate-deltoid or deltoid, membranous, margin entire or
lacerate, apex acute or acuminate, equal or longer than
bracteoles. Bracteoles 2, 0.6-1.5 x 0.3-0.8 mm, ovate or
ovate-deltoid, membranous, united with each other at the
base, apex acute or acuminate, margin lacerate. Flowers
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hermaphrodite, 1.8-5.0 x 2.0-5.5 mm, fig-shaped, sessile
or rarely with a very short pedicel. Perianth segments 5,
segments 0.8-2.7 x 0.8-2.2 mm, succulent, united up to
1/2 or 2/3 the length, obovate or oblong, incurved, green
with hyaline margin. Stamens 5 to numerous, 0.7-2.0
mm, inserted on a disc above the middle of the ovary;
staminode absent; anthers yellow, 4-thecous, 0.45-1.0 x
0.30-0.75 mm, oblong, united to 1/2, open up
longitudinally; filaments 0.40-1.80 x 0.08-0.30 mm, in
the early period short and after anthesis elongating. Pistil
1, 2-3 carpellary, 1-lolcular, 2.20-4.50 mm; stigmas 2-3,
0.80-1.75 mm long, filiform, with long papillate, light
brown; style 0.55-1.30 mm long, terete or partly conical,
membranous; ovary inferior, 0.75-2.0 x 0.5-2.0 mm,
obconical, brown. Fruits up to 5 mm long, fig-shaped,
partly or completely spongy. Seeds vertical, 0.8-1.5 x 0.6-
1.1 mm, slightly flattened; testa black or reddish, lustrous,
with reticulate surface.

Type: [Egypt] “Alexandria rudera prope maris
Mediterranei litus” (according to Freitag 1989, it is
probably lost).

Material: TURKEY: C7 Sanlurfa province,
Akcakale district, Akcakale-Ceylanpmar road, SUSKI
waste water treatment facility, on the road of Onciil
village, approximately 1-1.5 km, irrigation channel, road
and field edges, 344 m. a.s.l, 22.09.2018, 28.10.2018,
20.07.2019, N 36° 42’ 52.14" - E 38° 58" 48.37" E, coll. I.
Bagkose 4435, 4456, 4746 (ANK!).

Proposed Turkish name: Suaeda is called in Turkish
“Cirimotu”. We propose “Misir cirimotu” as a
vernacular name for S. aegyptiaca.

Phenology: Flowering period in July; fruiting period
September-October.

Habitat: In Turkey, the species is distributed in salty
soils, near to irrigation and drainage channels, road or field
sides at approximately 350 m. a.s.l. together with species
such as Polygonum equisetiforme Sibth. & Sm., Kochia
scoparia (L.) Schrad, Chenopodium album L. subsp. album
L. var. album, Tamarix smyrnensis Bunge, Alhagi
pseudalhagi (Bieb.) Desv., Conyza canadensis (L.)
Cronquist, Xanthium strumarium L. subsp. strumarium and
Phragmites australis (Cav.) Trin. ex Steudel.

Additional specimens examined: EGYPT: Alexandria,
FI. Aeg. Arab. p. LXIV N186 p. 69 Cent. 111 N15 hodie
Suaeda baccata, September 1761, P. Forsskl 164
(holotype of Suaeda baccata, C10003145, photo!); Taizz,
FI. Aeg. Arab. p. LXV N188 p. 71 Cent. 1l1 N21 hodie
Suaeda hortensis, 1763, P. Forsskl 145 (syntype of
Suaeda hortensis, C-10003147, photo!); Cairo, Fl. Aeg.
Arab. p. LXV N188 p. 71 Cent. Il N21 hodie Suaeda
hortensis, 1762, P. Forsskl 165 and 189, (syntype of
Suaeda hortensis, C-10003148 and C-10003149,
photos!); P. Forsskl s.n., (Suaeda baccata, BM-
000069939, photo!); P. Forsskl s.n.,, (Schanginia
hortensis, S-04/1003, photo!); (Sinai) in valle Hebran
Arabiae petraeae, 9 July 1835, G.H.W Schimper-438,
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(HBG-503718 and HBG-503718, photos!); Aegyptus, pr.
Alexandria, Schimper, Georg Heinrich Wilhelm, s.n.
(Suaeda baccata, COI-00052160, photo!); N. Sinai, El
'Arish, 27 km W of El 'Arish, Sand dunes and wet saline
among the dunes, 17 July 1971, A. Danin, (DES-
00021272, U-1059959 photos!). ISRAEL: North
District, Kinneret, Upper Jordan Valley: 1 km. S. of
Argaman, 301 m a.s.l, 13 September 1982, M. Zohary,
WGS84, (DES-00026372, photo!); Eilath, Eastern
outskirts of the town near the Red Sea coast, 2 April 1970,
K.U. Kramer-4572, (U-1059960, photo!). JORDAN:
Judaische Wiiste in halophyten-fluren am westl. Nordufer
des Toten Meres ca. 300 m a.s.l unter NN., 17 May 1980,
B. Nowak, (B-100480074, photo!); Madaba. 6stl. Totes
Meer, Wadi Mujib., 09 April 1989, C. Bayer, (B-
100191808 and B-100191815, photos!). KUWAIT:
Kuwait, As Sulaybiyah, 15 March 2013, 29° 19’ 10" N,
47° 51’ 40" E, M. Abdullah MTA346, MTA349 and
MTA352 (E-00678509, E-00678529, E00684254,
photos!). SAUDI ARABIA: Al-Abard, Abha City, Asir.
Saudi Arabia Kingdom, 2380 ma.s.l, 11 August 1998, 18°
32’ 38N -42°25' 12E, T. Miyazaki No. 990811AB23 (E-

/\\ % > Black Sea

\ Caspian

e ,‘ :
g
.

181

00614671, photo!). UNITED ARAB EMIRATES:
Prope Dscheddam in littore maris rubri, Schimper 1837
no. 867, (HBG506283, photo!); Ayn al Faidah area, in
coastal area and Al Ais area, Salty, sandy soil, s.I. to 200
m a.s.l, December 1989, M. Jongbloed, BYU2 (BRYV-
0213632, photo!). YEMEN: SE de Yithab, Wadi Najar,
Hadramaout, 1000 m, 19 January 1978, T. Monod 17312,
(P-00601497, photo!); Sud Yemen: Ju'aimah, NNE de
Shiban, Wadi, Hadramaout, 3 January 1978, T. Monod
16905, (P-P00601498, photo!). SOMALIA: Cote
francaise des Somalies, Cote mer Rouge, April 1956, E.
Chedeville 1633 (P-P04941770, photo!). ETHIOPIA:
Hararghe prov., Ogaden, Gode, narrow patch of riverine
forest along the Webbe Shibeli River, 300 m as.l., 1
December 1969, about 6° 00" N, 43° 30’ E, De Wilde no:
5968, (WAG-1330801, photo!). ASIA: Schanginia
baccata, P-06590542, P-04989863, P-04989864, P-
04989866, P-04989868, and P-04989941 photos!);
Suaeda baccata, (P-04989862, P-04989865, P-04989938,
P-04989939, photos!); Suaeda aegyptiaca, (P-04989936
and P-04989937, photos!).
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Fig. 1. The distribution map of Suaeda aegyptiaca in world with the new record, a. General distribution (Asia, Africa and Arabian
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Discussion

Suaeda aegyptiaca was classified under different
sections by different authors since the 1800s. The study
conducted by Moquin-Tandon in 1831 classified the
species under the section Suaeda. Other studies conducted
by Moquin-Tandon in 1840, by Volkens in 1893 and by
Ulbrich in 1934 classified the species under the section
Schanginia (C.A. Mey.) Volk. The study conducted by
Schenk and Ferren in 2001 classified the species under the
section Immersa Townsend. Within the scope of the
molecular and morphological study conducted by Schiitze
et al. (2003) on Suaedoideae subfamily, the species was
classified under the section Salsina Mog. Also, in this

1. Baskése & A.E. Yaprak

: ViR P N
Fig. 2. Habitus, leaf, flower, and fruit structures of Suaeda aegyptiaca, a. Appearance in flowering time, b. Flower structure, c.
Appearance in fruiting time, d. Infructescence, e. Leaf structure, f. Habitat.

study, the species classified under the section Salsina,
based on the study by Schiitze et al. (2003) and its
morphological characteristics.

In the genus Suaeda, taxa of the section Salsina
consists of short trees, shrubs or dwarf-shrubs. Their
leaves are either sessile or short petiolate and have the
Suaedoid C4 anatomy (Schenk & Ferren 2001). Their
flower clusters arise from the leaf axil and have a radial
symmetry. The number of stigma is three or two and they
have a long, thick and papillate structure. Seeds are
horizontal or vertical, lenticular, vary in color and size,
but not distinctly dimorphic, and they are bright and have
a reticulate, punctate or smooth surface (Schenk & Ferren
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2001). The type species of the section is Suaeda
vermiculata Forssk. ex. J.F.Gmel.

In the protologue of Suaeda aegyptiaca
(=Chenopodium aegyptiacum), morphological definitions
of stigma, style and the ovary are provided briefly as
“Germen brevissimum, vix distinguendum. Stylus
conicus,  crassiusculus, longitudine  staminum,
integerrimus. stigma bifidum, coronatum laciniis reflexis”
(Hasselquist 1757). However, in the protologue there is
no information about bract and bracteole morphologies.
After investigating the specimens, we have provided a
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detailed description of pistil (stigma, style and ovary),
bract and bracteole. According to our investigations,
Pistil: 1, 2-3 carpellary, 1-lolcular, 2.20-4.50 mm; stigmas
2-3, 0.80-1.75 mm, filiform, with long papillate, light
brown; style 0.55-1.30 mm, terete or partly conical,
membranous; ovary inferior, 0.75-2.0 x 0.5-2.0 mm,
ohconical, brown (Figs 3K, K"); Bract: 1, 1.0-1.7 x 0.5-1.0
mm, ovate, ovate-deltoid or deltoid, scarious, either with
entire or lacerate margin, apex acute or acuminate and as
long as bracteoles (Figs 3B, C); Bracteoles 2, 0.6-1.5 x 0.3-
0.8 mm, ovate, scarious, only adnate in basal part, apex
acute or acuminate, with lacerate margin (Figs 3B, D, D").

il

Fig. 3. Morphological characteristics of S. aegyptiaca, a. Inflorescence, b. Bract and bracteoles (bt: bract, btl: bracteol), c. Bract, d-d'.
Bracteol, e. Flower, f. Perianth segments, g. Stamens, h. Anthers, j. Filaments, k-k'. Pistils (st: stigma, stl: style, o: ovary), |. Fruits, m.

Seeds.
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In the descriptions of the species in recent literature,
morphological features of pistil (stigma, style and ovary),
bract and bracteole structures were given incompletely or
insufficiently, or were not given at all. Although the study
conducted by Meikle (1985) presents the morphological
characteristics of the pistil (stigma, style and ovary)
structure of the species as “ovary glabros, pyriform, about
1.5 mm long, 1 mm wide at base; stigmas 3, about 0.4 mm
long”, the characteristics of the stylus structure are not
explained. Also, it is indicated that the bract structure of
the species is “similar to the leaves, but generally less
than 1 cm” and the bracteoles are “membranous, erose at
apex, broadly ovate, about 0.5 mm long and almost as
wide”.

The study conducted by Zohary (1966) provides no
information about the morphological characteristics of the
pistil (stigma, style and ovary) structure of the species. On
the other hand, it is indicated that the bract structure of the
species is “much longer than flowers”, while bracteoles
are “minute and scarious”.

Although the study conducted by Freitag (2001) gives
the characteristics of the pistil (stigma, style and ovary)
structure of the species as “Ovary semi-inferior, in its
lower, ovule-bearing part fused with the perianth, its
upper part forming a ca. 1 mm long column or slender
cone; stigmas (2)3(4), 0.7-1.2(1.5) mm long, with long
papillae, inserted in the center of the collar-like ovary
apex”, the characteristics of the style structure are not
explained. Also, it is indicated that the bract structure of
the species is “subclavate to clavate, arcuate, spreading,
the lower much longer, the upper as long as or even
shorter than floral” and the bracteols are “0.8-1 mm long,
narrow ovate, trullate or triangular, acute or acuminate,
the margins lacerate to toothed”.In the fomer studies
mentioned above (Zohary (1966, Meikle 1985, Freitag
2001), the structure defined as bract is actually a “leaf”
structure which exists in the inflorescence and the
structure defined as bracteole is actually “bract” and the
characteristics of this structure coincide with the
characteristics of the bract structure in our study. From
these new findings, it can be understood that the study by
Zohary (1966), Meikle (1985), and Freitag (2001) gives
no information about the actual bracteole structure of the
species.

Finally, the study conducted by Boulos in 1999 only
includes the information “ovary ovoid; stigma 3-4”
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Abstract: Psoriasis is a multifactorial chronic inflammatory disorder resulting by the interplay
of genetics, the immune system and the environment. It is characterized by the hyperproliferation
of epithelial cells, generating red, itchy psoriatic plaques which have no cure but have great
negative impact in patients’ life. Although corticosteroids or vitamin D analogs might help
recovery to some extent, there is yet no total cure for the disease. In this study, we sought to
generate three-dimensional (3D) stress-related psoriatic skin spheroids with the screening of the
potential efficacy of a Bz-adrenergic receptor agonist, salbutamol. 3D Culture spheroids with
human dermal fibroblasts (HDF), human epithelial keratinocytes (HEK) and human monocytic
cell line (THP-1) were generated as a representative model of skin and the protocol of stress-
related modelling was conducted. The efficacy of the drug salbutamol was evaluated by the
changes in mRNA and protein expression levels of selected genes, as well as by several metabolic
assays. We developed a method for culturing spherical organoid models of psoriasis in vitro. We
tested the potential theurapetic effects of salbutamol on psoriasis spheroids. Spheroids treated
with salbutamol indicated the effictiveness of the treatment. 3D spheroid system was found
partially efficient for mimicking the physiological features of psoriasis in vitro. This present work
may be a starting point for future investigation as it is the first to generate a stress-related psoriatic
model and first to try a B2 agonist as a potential treatment option. Considering the effects and
suitability of topical application of salbutamol, its efficacy should not be underestimated and
should be investigated further for translating this knowledge into clinics.

Ozet: Sedef hastaligi; genetik, bagisikhik sistemi ve cevrenin karsilikli etkilesiminden
kaynaklanan, ¢ok faktorli kronik inflamatuar bir hastaliktir. Epitel hiicrelerinin
hiperproliferasyonu ile karakterizedir ve hastalarin yasaminda biiyiik olumsuz etkileri olan
kirmizi, pullu psoriatik plaklar olusturur. Kortikosteroidler veya D vitamini analoglari iyilesmeye
bir dereceye kadar yardimc olabilse de hastaligin heniiz tam bir tedavisi yoktur. Bu ¢alismada,
B2-adrenerjik reseptdr agonisti salbutamol'iin potansiyel etkinliginin taranmasi igin ii¢ boyutlu
(3D) stresle iliskili psoriatik deri sferoidleri olusturulmas: amaglanmustir. Insan dermal fibroblast
(HDF), Insan epidermal keratinosit (HEK) ve Insan monosit hiicreleri (THP-1) ile 3D kiiltiir
modelleri olusturulmus ve buna gore stres kokenli psoriatik model protokolii uygulanmustir.
Ilacin etkinligi, gen ve protein ekspresyon seviyelerindeki degisiklikler ve gesitli metabolik
deneylerle degerlendirilmistir. Sedef hastaliginin sferoid modellerini in vitro olarak biiyiitebilmek
icin optimize bir yontem gelistirilmistir. Salbutamol'iin sedef sferoidleri tizerindeki potansiyel
terapatik etkileri test edilmistir. Salbutamol ile tedavi edilen sferoidler, tedavinin etkinligini
kanitlayan literatiirle paralel sonuglar gostermistir. 3D sferoroid sistemimiz, in vitro olarak sedef
hastaliginin fizyolojik 6zelliklerini taklit etmede kismen etkili bulunmustur. Calismamiz, stresle
iliskili bir psoriatik model olusturdugu ve potansiyel bir tedavi segenegi olarak bir 2 agonistini
deneyen ilk calisma oldugu icin bir baslangi¢ noktasi olabilir. Salbutamol'iin etkileri ve
uygunlugu g6z oniinde bulunduruldugunda etkinligi kiiciimsenmemeli ve gelecekte klinikte
kullanim potansiyeli gbz 6niinde bulundurulmalidir.
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Introduction

Psoriasis is a chronic inflammatory disease that affects
around 125 million people, in other words 2-3% of human
population in the world. It is triggered by multifactorial
interactions among the immune system, psoriasis-related
susceptibility loci (PSORS1), auto-antigens, and several
environmental triggers (Takeshita et al. 2017). The
stimulation and upregulation of IL-17 in pre-psoriatic skin
creates an inflammatory reaction in keratinocytes that
forms the expansion of advanced psoriatic plaques by
enhancing epidermal hyperplasia, epidermal cell
proliferation, and recruitment of leukocyte branches into
the skin (Hawkes et al. 2017).

Conventional therapies for psoriasis are typically
topical therapies which mostly end up with possible
severe side effects. Topical therapies include keratolytics,
topical retinoids, topical vitamin analogs, and calcineurin
inhibitors. While topical corticosteroids remain first-line
treatment that aid alleviating all grades of psoriasis,
unwanted side effects including atrophy, striae and/or
telangiectases contraindicates their long-term utilization
(Torsekar & Gautam 2017). The dual use of
corticosteroids and vitamin D analogs display greater
efficiency as compared to monotherapy; but side effects
like skin irritation, erythema and edema are shown in up
to 35% of the patients (Sharma et al. 2017). Although
more recently developed biological agents such as TNF
antagonists, specific monoclonal antibodies,
phosphodiesterase 4 or phospholipase A2 inhibitors offer
improved anti-psoriatic therapeutic responses, they also
pose risk of adverse effects, are expensive, and the potential
for development of tolerance or resistance may limit their
use (Sharma et al. 2017). Hence, there is a need to develop
new cost-effective therapies with low side effects.

Commercially accessable psoriasis models are
composed of healthy keratinocytes and unhealthy
fibroblasts which are isolated from psoriatic lesions of
patients. Van den Bogaard et al. (2014) were the earliest
to complete the generation of three-dimensional (3D) skin
counterparts that included diverse T-cell populations.
Their study enabled the analysis and relocation of immune
cells and discharge of pro-inflammatory cytokines in the
context of psoriasis. Nevertheless, hyperproliferation was
not detected in 3D skin and cytokine levels were much
lower compared to the in vivo generated lesion, signifying
that in 3D models, critical constituents and pertinent cell
types were absent to generate a more accurate psoriasis
model (Klicks et al. 2017). Up to now, only a few
organotypic models emphasize the importance of
different cell types in psoriasis, therefore it is important to
investigate the inflammatory microenvironment of multi-
cellular psoriatic in vitro models (Eline Desmet et al.
2017). Since animal models cannot reflect the human
complexity for the multifactorial etiology of psoriasis,
generation of an optimal 3D psoriasis model made by
human cells remains crucial (Eline Desmet et al. 2017).

Salbutamol is a well-known 2-adrenergic receptor (-
AR) agonist in the treatment of asthma as well as chronic
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obstructive pulmonary disease. The inhibitory effects of
salbutamol on inflammatory processes is seen for CD4+
cells, monocytes and macrophages and it acts through the
inhibition of the ERK pathway (Kerénen et al. 2017). In
addition, anti-inflammatory effects of p-AR on
pulmonary inflammation models support the role of
receptors in inflammatory conditions (Bosmann et al.
2012). There are a couple of studies in literature
investigating the effects of salbutamol on psoriasis.
Wettey et al. (2006) showed the inhibitory effect of
salbutamol on CXCR2 (C-X-C Motif Chemokine Ligand
2) which is elevated in psoriatic lesions. A recent study
showed the ameliorating effect of salbutamol on psoriasis,
correlating with our studies (Liu et al. 2020).

Psoriasis has been associated with wound healing and
one recent study indicated that in murine skin wound
models, stress-induced increase in epinephrine levels were
found to delay wound repair (Pullar & Isseroff 2006).
Filaggrin 2 is essential for healthy cornification of skin and
it functions in skin barrier defense. The expression of
Filaggrin 2 was found to be reduced in psoriasis vulgaris in
previous studies (T. Makino et al. 2014). Matrix
metalloproteinase-2 (MMP-2) cleaves native collagen type
IV, V, VII, and X, fibronectin, osteonectin, entaxin,
laminin, vitronectin, decorin, gelatin, and aggrecan, several
chemokines (CCL7 and CXCL12), Tumor Necrosis Factor
(TNF) precursors and proTNFB (Starodubtseva et al.
2011). Previous studies showed significant overexpression
of MMP-2 in psoriatic skin (Glazewska et al. 2016).
Interleukin 6 (IL-6) produced from keratinocytes has been
shown to be responsible for the inflammation in psoriatic
skin lesions (Fujishima et al. 2010). Recently, it has been
shown that fibroblasts produce IL-8 in cell culture while
higher concentrations of IL-8 was detected in psoriatic
patients (Glowacka et al. 2010). Filaggrin-2, MMP-2, IL-6
and IL-8 were selected as markers in our study depending
on their involvememt to psoriasis disease progression.
Additionally, an elevated total oxidant status and
inadequate antioxidant activity have been defined in
psoriatic lesions. The endogenous antioxidant defence
mechanism of the body is insufficient to replenish the
impairment, and the inadequate skin metabolism
deteriorates the state of the skin in psoriasis patients (Asha
etal. 2017).

In this study, we aimed to generate an optimized 3D
stress-related psoriatic skin model along with the
investigation of the potential theraupetic effect of
salbutamol, a Pp-adrenergic receptor agonist in this
psoriatic spheroid model.

Materials and Methods

Cell Culture

Human dermal fibroblasts (HDF) and human
epithelial keratinocytes (HEK) were purchased from
American Type Culture Collection (ATCC, USA) that
was isolated from the newborn foreskin (prepuce) tissue.
Briefly, cells were plated in 6-well plates (BIOFIL, TCP,
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Switzerland) and grown until 80% confluency in low
Dulbecco's Modified Eagle Medium (DMEM)
(Gibco/Invitrogen) media supplemented with 10% (v/v)
heat-inactivated Fetal Bovine Serum (FBS) and 1%
penicillin/streptomycin solution for human dermal
fibroblasts according to the reference study (Somuncu et
al. 2015) and in Defined Keratinocyte -SFM (Serum
Free Medium) supplemented with Keratinocyte Growth
Supplement (Sigma Aldrich, Germany) and 1%
penicillin/streptomycin solution for human epithelial
keratinocytes. For passaging, the cells were trypsinized
using 0.25% (v/v) trypsin/EDTA (Invitrogen, Gibco,
UK) and centrifuged at 1200 rpm for 5 min at room
temperature in order to precipitate cells. The pellets were
then resuspended in fresh medium accordingly and
seeded into T-75 flasks (Zelkultur Flaschen,
Switzerland) containing 10 ml media. The cells were
preserved at 37°C and 5% CO. in a humidified
incubator. Cells from passages 3 ~ 4 were used for
experiments. THP-1 (Human Monocytic Cell Line) and
Human Dermal Microvascular Endothelial Cells
(HDMEC) were purchased from American Type Culture
Collection (ATCC, USA) and cultures were established
following to centrifugation and resuspension at 2x10%
viable cells/ml. The heterogenous psoriatic cell
population (Psorl) induced from keratinocyte cell line by
defined protocol (E. Desmet et al. 2017) was used as a
positive control during the study.

Generation of Skin Spheroids

After removing the media and washing the cells with
1 mL Dulbecco's phosphate-buffered saline (D-PBS)
without calcium and magnesium, cells were trypsinized
and resuspended in Matrigel as 2x10° cells/ml density.
Matrigel droplets including HDF, HEK and HDMEC cells
were added as 50 pl bubbles into each insert of a
Transwell plate (Life Technologies, CA, USA) and
incubated for 5-7 days in 1:1 diliution of DMEM and
Keratinocyte SFM-1X (ThermoFischer, Turkey) media.
Subsequently, 5x10° THP-1 monocytes were added to the
bottom chamber, cultured for 2 days more and the
medium was changed in every three days in top well.
Then, the medium was only added to the lower chamber
of the insert to generate an air-liquid interface. Spheroid
constructs were incubated in Orbital Shaker-Incubator
(bioSan, UK) at 37 °C and 5 % CO; for 21 days
(Vorsmann et al. 2013) (Fig. 1a).

Modeling Stress-Related Psoriatic Skin Spheroids

Healthy spheroids were further utilized for disease
modeling on 21% day of the procedure. Firstly, UV
application was performed for 5 minutes in every two
days of one week (Weatherhead et al. 2011). At the end
of the first week of the protocol, fresh media containing
IL-17 was applied and spheroids were incubated for
another one week (Chiricozzi et al. 2014). At the end of
the second week, the media was refreshed and
macrophage-activating factor (MAF) administration was
performed for 3 days to alert immune cells (Takematsu &
Tagami 1990) (Fig. 1a). Samples were incubated at 37°C
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and 5% CO; in Orbital Shaker-Incubator (bioSan, UK).
The timeline was established as day 7 (week 1) spheroids,
day 14 (week 2 spheroids) and day 40 (cells of spheroids
that reseeded in monolayer environment) (Fig. 1b).

Microscopical Analysis of Spheroids

Spheroids were visualized after UV treatment, MAF
application, IL-17 application and combination of MAF
and IL-17 application with UV treatment in week 1 and
week 2 by bright-field microscopy. After optimization of
psoriasis modeling, psoriatic skin spheroids were left for
incubation and they were visualized in day 7, day 14, day
21 and day 40. Visaualization was accomplished in 40x
magnification by ZEISS inverted microscope (lvascu &
Kubbies 2006).

Cell Viability Assay

Salbutamol (S8260-50MG) was purchased from
Sigma-Aldrich and used for drug toxicity analysis of
heterogenous population of HDF and HEK cells and THP-
1 cells. Salbutamol was dissolved in High Glucose
DMEM and administered to the cells from 0 to 4.4 ug with
0.2 pg intervals. 3-[4,5-dimethylthiazol-2-yl]-2,5-
diphenyltetra-zolium bromide (MTT) cell viability
analysis was done after the drug application. Cells were
plated in 96 well plates with 5,000 cells per well and
incubated for 24 hours. After 24 hours of incubation,
salbutamol was applied, and the cell viability was
determined for day 1 and day 3. MTT reagent was
adminstred as 10 pl to 90 pl of cells and media mix and
incubated for 3 hours until purple precipitate was visible.
Then, 100 pl Detergent Reagent was added and incubated
at room temperature in dark for 2 hours. Absorbance of
MTT was recorded at OD 570 nm (Bahuguna et al. 2017).

Immunofluorescence Analysis

Cryomolds were organized for Immunofluorescence
staining. Optimal Cutting Temperature (OCT)
compound was put into plastic cryomolds. Spheroids
were positioned on top in correct orientation and OCT
was applied by avoiding bubbles until none of the tissue
remains uncovered. Mold was placed on top of the
aluminium plate on dry ice for rapid freezing. Frozen
sections were cut as 8§ um sections and mounted onto
slides. Slides were washed with PBS for three times for
5 minutes. Every tissue section was marked with
hydrophobic pen (Imedge Pen). Slides were blocked
with Blocking Buffer (PBS with 5% horse serum and
0.5% Triton X-100) at room temperature for 1 hour.
Slides were then incubated with primary antibodies;
Anti-Filaggrin Antibody (ab218395) (1 pg/ml), Anti-
Cytokeratin 15 Antibody (ab80522) (5 pg/ml), Anti-1L6
Antibody (ab9324) (1 pg/ml), Anti-IL8 Antibody
(ab18672) (1 ng/ml) diluted in blocking buffer at 4°C
overnight. Slides were washed with PBS for three times
for 5 minutes subsequently. Incubation with secondary
antibody Alexa Fluor® 647 Goat Anti-Mouse Antibody
(ab150115) (1:200 dilution) was done at room
temperature for 1 hour. PBS was used for washing the
slides. Slides were stained with DAPI for 1 minute and
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fixed with mounting solution. Imaging was performed
on Leica DMLB Phase Contrast Fluorescence
Microscopy. Fluorescent images were merged with
ImageJ software (O. S. Somuncu et al. 2019).

Quantitative Real Time Analysis for the Detection of
Gene Expression

The samples were grouped as healthy skin spheroids,
heterogenous Psorl cell population, UV treated spheroids,
UV and IL-17 treated psoriasis spheroids, psoriasis
spheroids after 10 h salbutamol treatment and psoriasis
spheroids after 24 h treatment. According to the
instructions, isolation of RNA from each group of
samples was done by using High Pure RNA isolation Kit
(Roche, Germany). The complementary DNA (cDNA)
synthesis from isolated RNA templates was provided with
High Fidelity cDNA Synthesis Kit (Roche, Germany).
Real time polymerase chain reaction (gQPCR) was
performed by using Maxima SYBR Green/ROX
(Fermentas, US) to determine expression levels of target
genes that comprises Keratin 1, Filaggrin 2, IL-6 and
MMP-2. The cDNA templates were utilized and mixed
with primers and Maxima SYBR Green/ROX PCR
Master Mix (2x). Glyceraldehyde 3-Phosphate
Dehydrogenase (GAPDH) was used as house-keeping
gene for data normalization (S. Somuncu et al. 2019). The
results of real-time PCR were obtained via performing
normalization with GAPDH. Primer sequences for target
genes are shown in Table 1.

Table 1. Primers designed for detection of MMP-2, IL-17,
Keratin 1, Filaggrin 2, and IL-6 expression.

Names of the Genes Primer Sequence (5°-3°)
Forward Primer:
AGCGAGTGGATGCCGCCTTTAA
Reverse Primer:
CATTCCAGGCATCTGCGATGAG
Forward Primer:
CCACACTCACGAGAACACA
Reverse Primer:
ACCAGAGTGGGAATGTCCAG
Forward Primer:
AGGGTTGTAGGAGCCTTGAC
Reverse Primer:
CCACTCCAGTGAGGCCAATA
Forward Primer:
GGGGCTGCCTGCATTAGGAG
Reverse Primer:
AAGCCCGGGGGACAAAAAGG

All primers were designed by our group. The primers designed
with the annealing temperature 60C°.

MMP2

Filaggrin 2

Keratin 1

IL-6

Total Antioxidant and Oxidant Assay

Total Oxidant Status (TOS) and Total Antioxidant
Status (TAS) of each experimental group were measured
according to instructions. Sample media was stored at -
80°C for the analysis of TAS and TOS. Total Antioxidant
Status Assay Kit (Sigma-Aldrich) was used and the kit
protocol was followed for TAS determination. 1 mM
Trolax standard solution was used for creating a standard
curve by setting up different dilutions. 100 pl of Cu?

0.S. Somuncu et al.

working solution was added to each well containing
standard and samples. Wells were then mixed and
incubated at room temperature for 90 minutes. The plate
was then transferred to a microplate reader to be analyzed
at OD 570 nm (Miller et al. 1993). TOS was examined by
Erel’s TOS method that is about the oxidation of ferrous
ion to ferric ion in the existence of diverse oxidative
species in the acidic medium. Ferric ion was analyzed by
xylenol orange. Briefly, xylenol orange, NaCl and
glycerol in a H2SO4 solution were incubated with samples
for 3 minutes. Ferrous ion and o-dianisidine in H,SO4
were applied to the reaction subsequently. The alteration
in absorbance was examined, and the results were
analyzed by a standard curve of H;O, solution and
expressed in pmol/L (Erel 2005).

Statistical Analysis

Complete data sets were presented as means =+
standard errors (SEM). Graphics were drawn via
GraphPad Prism 8 software (GraphPad Prism, USA). The
statistical inquiry of the grades was completed by using
one-way ANOVA trailed by multiple-comparison
Tukey's Post-Hoc tests with GraphPad Prism 8 software.
The stars were stated to flag levels of significance. A p-
value less than 0.05 was considered statistically
significant (Alabi et al. 2019). Heat maps demonstrating
gene expression by quantitative real-time PCR were
clustered in complete linkage of Heatmapper software
presenting both column and row dendogram of
hierarchical clustering (Babicki et al. 2016). Row Z-
scores were demonstrated as green for high values and red
for low values, respectively.

Results

UV, IL-17 and GC-MAF sequencial application
generated psoriasis-like spheroids

For the optimization of psoriasis modeling, the
microscopic phenotypes of the cells after variable UV, IL-
17 and MAF treatments were compared with
heterogenous psoriatic cell population at the end of week
1 and week 2. With UV treatment to healthy skin
spheroids, small sized, dispersed and multiple spheroids
were observed in week 1 and at the end of the week 2. The
sizes of the spheroids were bigger, total number was
increased and they were scattered over the surface instead
of generating clusters. After MAF application to skin
spheroids, bigger clusters were observed in increased
numbers in week 1 and a complete cluster resembling the
original lesion was visualized after week 2. When MAF
application was combined with UV treatment, these
clusters tended to seperate and dissolved completely at the
end of week 2. With only IL-17 application, the clusters
were bigger in size but more seperate on the surface,
resembling seperate spheroidic islands in week 1, and the
number of these bigger clusters were decreased with
increased number of tiny additional spheroids between
them. Combinational UV treatment with 1L-17 induced
separate clusters to disappear and bigger singular
spheroids to appear in week 1, with a dramatic decrement




Salbutamol Treatment on Psoriatic Spheroids

in quantity while the isolated spheroids were detected in
increased size at the end of week 2. The protocol was
optimized as UV treatment for 5 minutes in every two
days of one week, IL-17 application for one week after UV
treatment, and 3 days of GC-MAF application. After
optimization of psoriasis modeling protocol, generated
psoriasis spheroids were visualized in day 7, day 14 and day
40. Day 7 and day 14 samples indicated the differences in
spheroids while day 40 samples were analyzed as
monolayer cells of the spheroid content. Spheroids
generated clusters, in time resembling a complete psoriatic
skin lesion that was established by the monolayer
phenotype of cells at the end of day 40 (Fig. 1b).

Cell viability for both THP-1 and HDF cells were
established

In order to determine the highest toxic level of
salbutamol on HDF, HEK, and THP-1 cells, 22 different
concentrations of salbutamol were employed. After dose-
dependent drug application, cell viability assay was
performed at day 1 and day 3 to establish the optimal dose
of drug for further experiments. The highest non-toxic
dose for HDF cells was found as 1.6 pg/ml for both day 1
and day 3. For THP-1 cells, despite the peak seen in 2
pg/ml, the optimal dose was determined as 0.8 pg/ml due
to the consistency of results in day 1 and day 3 (Fig. 1c).

Salbutamol treatment rescued the psoriasis-like gene
expression profile

With the quantitative analysis of PCR (qPCR), relative
MRNA expression levels of Keratin 1, Filaggrin 2, IL-6
and MMP-2 were determined before modeling, after
modeling and after treatment. Relative Keratin 1
expression was increased with UV application but fell by
half with the completion of disease modeling, resembling
the levels of psoriatic cells. After salbutamol treatment,
no significant change was observed in Keratin 1
expression. Similarly, Filaggrin 2 expression was
increased two-fold after UV treatment and decreased
three times after completion of modeling, resembling the
levels of psoriatic cells. At the end of the treatment with
salbutamol, Filaggrin 2 expression levels showed two-
fold increase compared with disease model. Likewise, IL-
6 expression was increased two-fold with UV application
but decreased following the completion of modeling,
similar to the levels of psoriatic cells. In the first 10 hours,
salbutamol treatment caused a two-fold decreased
expression of IL-6 with a subsequent five-fold increment
at the end of the treatment. Distinctly, MMP-2 expression
was decreased almost three-fold with disease modeling
and increased four-fold with 10 hours of salbutamol
treatment. At the end of the drug application, expression
levels were close to disease models. While Keratin 1,
Filaggrin 2 and MMP-2 showed decreased expression
after disease modeling, no significant change was
observed in IL-6 levels. Salbutamol treatment caused
significantly increased expression of Keratin 1, Filaggrin
2, MMP-2 and IL-6 levels when compared between the
treatment and psoriasis organoid groups (Fig. 2).
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MMP-2 and IL-6 showed similar expression patterns
in psoriasis-like spheroids

In order to visualize relative differences in mRNA
expression of healthy skin spheroids, Psorl cells, UV
treated spheroids, UV and IL-17 treated complete
psoriasis spheroids, psoriasis spheroids after 10 h
salbutamol treatment and psoriasis spheroids after
salbutamol treatment completed, a heat map was drawn.
During modeling, UV treatment caused a decrease in gene
expression levels of MMP-2, IL-6 and Filagrin 2 but an
increase in the levels of Keratin 1. After modeling, MMP-
2, Keratin 1 and Filagrin 2 showed a decreased gene
expression, whereas IL-6 levels were increased compared
to healthy skin spheroids. Filaggrin 2 and Keratin 1
expressions in psoriasis model showed high resemblance
to lesion, whereas MMP-2 and IL-6 expression levels of
psoriasis models were the opposite of lesion. After 10
hours of treatment with salbutamol, IL-6, Keratin 1 and
Filaggrin 2 expression levels were decreased but MMP-2
levels were increased significantly. At the end of the
treatment with salbutamol in psoriasis spheroid model,
MMP-2 Filaggrin 2 and IL-6 shared a similar enhanced
gene expression pattern and Keratin 1 showed a
diminished expression after treatment. Hierarchical
clustering of each gene group showed that Keratin 1 and
Filaggrin 2 expression indicated the maximum gene
expression correlation and the most irrelevant genes were
detected as MMP-2 and IL-6 (Fig. 2).

Salbutamol treatment decreased cytokine expression
but increased the expression of filament associated
protein

Given that Cytokeratin 15, Filaggrin 2, IL-6, 1L-8 and
IL-17 expression is crucial in the pathophysiology of
psoriasis, the expression of each of these was determined
with fluorescent IHC in healthy skin model, psoriasis
model and after the treatment with salbutamol in psoriasis
spheroid model. Cytokeratin 15 expression was increased
almost three-fold after disease modeling, then decreased
into one fourth of the expression level of disease model
after salbutamol treatment, correlating with Keratin 1
mRNA expression. Filaggrin 2 expression was also
increased almost three-fold with disease modeling and
although less significant, a decrement was seen in the
expression after salbutamol treatment. 1L-17 expression
pattern was observed highest in healthy skin spheroid and
decreased both with disease modeling and after treatment,
for which expression levels were one fifth of the healthy
one. After salbutamol treatment, IL-6 levels decreased
into half and IL-8 levels were also decreased, although
less significant. Cytokeratin 15, Filaggrin 2, IL-17, IL-6
and IL-8 all shared a similar pattern which was
decreased expression after salbutamol treatment. While
Cytokeratin 15 and Filaggrin 2 expressions were
increased significantly with psoriasis models, IL-17
levels were decreased after modeling in a less significant
manner (Fig. 2).
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Fig. 1. Generation of psoriatic skin spheroids. a. Method
for producing psoriatic spheroids in 27 days duration in
vitro. b. Microscopic demonstration of spheroids
produced in different conditions for both week 1 and
week 2 samples. c. Cell viability for both THP-1 and
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0.2-4.4 pg/ml for both day 1 and day 3. The data
represent the mean values = SD (n=3). UV: Ultraviolet,
GC-MAF: Gc protein-derived macrophage activating
factor, IL-17: Interleukin-17, THP-1; Immortalized
monocyte-like cell line, HDF; Human dermal
fibroblasts, PC; primary cells, HP; healthy population,
UH-PLCs; Unhealthy psoriasis like cells. Note:
Descrintives were expressed as mean+standard error.
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Fig. 2. Gene and protein expression profile of skin and psoriasis spheroids combined with salbutamol treated spheroids in each group.
Heat Map presenting the gene expression data for a range of genes analyzed by gPCR. Quantitative representation of genes analyzed
by quantitative RT-PCR and proteins analyzed by immunofluorescent staining. Experimental groups are established as following;
Psor/Tre: Psoriatic spheroids/organoids treated with salbutamol for 24 hours, Psor Org: Psoriatic organoids, Psor/UV: Psoriatic
spheroids induced with UV, Psor I: Psoriatic cells, 10h Vent Tre: Psoriatic spheroids treated with salbutamol for 10 hours. MMP-2:
matrix metalloproteinase-2, IL-17: Interleukin-17, IL-6: Interleukin-6, IL-8: Interleukin-8, gPCR: Quantitative real time polymerase
chain reaction. Statistically significant at p<0.05. Notes: Results were examined by one-way ANOVA and Tukey's Post-Hoc test.
Descriptives expressed as meantstandar error.
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Fig. 3. TAS and TOS levels of the media obtained from treated and untreated spheroid cultures. Experimental groups are established
as following; HEKa: Adult normal human epidermal keratinocytes, HDF org: Organoids/spheroids created with human dermal
fibroblasts, Psor-T2 Org.: Organoids/spheroids created with Psoriasis type 2 cells, Mod. Psor. Org.: Modelled psoriatic organoids, 12h
Tre. Org.: Modelled psoriatic organoids treated with salbutamol for 12 hours. OD: optical density, TAS: total antioxidant status, TOS:
total oxidant status. Statistically significant at p<0.05. Notes: Results were examined by one-way ANOVA and Tukey's Post-Hoc test.

Descriptives expressed as mean+tstandar error.

Salbutamol treatment significantly decreased oxidant
production of psoriatic spheroids

Total oxidant and total antioxidant levels were
measured from the cell culture media where the spheroids
were grown. After modeling, a five-fold increment
(p<0.0001) in total oxidant levels were measured and this
increment was observed two-fold in psoriatic skin lesion.
After 10 hours of treatment, total oxidant levels cut into half
(p<0.0001) and at the end of the treatment, it was observed
one fourth of the levels of psoriasis spheroids (p<0.0001).
After modeling, the total antioxidant levels were increased
significantly (p=0.0144). Although not significant, total
antioxidant levels were higher in psoriasis model and after
10 hours treatment, two-fold augmentation of total
antioxidant levels were observed with still a significant
increment after salbutamol treatment (Fig. 3).

Discussion

In this study, we developed a method for culturing
spherical organoid models of psoriasis in vitro. We tested
the potential theurapetic effects of salbutamol, a B-AR
agonist, on psoriasis spheroids. Our hypothesis was
grounded in the anti-inflammatory effect of salbutamol,
which was assumed to act through inhibition of cCAMP
dependent ERK pathway, thus causing decreased TNF-
alpha and MCP-1 production in macrophages. Clinical
observations suggested that systemic [-adrenergic
blockade may trigger the onset of psoriasis-like skin
lesions in some patients (Balak & Hajdarbegovic 2017)
(Steinkraus et al. 1993). It was reported that the
hyperproliferation of keratinocytes in psoriasis was the
result of a decreased cAMP production intracellularly,
thus current treatment options such as glucocorticoid
treatment, UVB irradiation or topical vitamin D treatment
have been shown to act through generation of CAMP in
response to B-AR in keratinocytes (Sivamani et al. 2007).
Although a known mechanism was reported before, none
of the Br-agonist drugs were tested for their efficacy in

psoriasis patients. Therefore, this study aimed to
investigate the efficacy of a Pz-agonist drug in a 3D
psoriasis spheroid model for the first time.

Optimization of our psoriasis modeling protocol was
determined based on the resemblance of the phenotypes
of the spheroids to psoriatic cells upon the application of
different stress factors. While UV treatment was observed
to cause dysmorphism in the shape of the spheroids, MAF
and IL-17 applications resulted in generation of clusters
resembling psoriatic skin lesions. Combination of UV
treatment with MAF and IL-17 caused dysmorphic
clusters and prolongation of this treatment resulted in the
loss of colonies. After optimization and incubation of 40
days, psoriatic spheroids generated tight clusters
resembling a real psoriatic skin lesion.

Cell viability assays indicated that none of the dosage
of salbutamol was toxic. After examination of each dose,
0.8 pg/ml, 1.6 pg/ml and 3.2 pg/ml were selected and
evaluated as they were drawn attention for different cell
lines. At the end, the optimal dosage was selected as 1.6
pg/ml for application of the drug. As none of the dose was
found toxic, this gave the idea of salbutamol being
physically processed on skin cells and effective on their
cellular behavior.

Psoriatic epidermis is known to have decreased
Keratin 1(K1) and K10 levels which are differentiation
specific keratins and increased K6 and K16 levels
(Thewes et al. 1991). In one study, it was suggested that
Keratin 15 expression resulting from resident
proliferating keratinocytes in the basal layer was uniquely
downregulated in hyperproliferative situations such as
psoriasis to maintain the activated phenotype of
keratinocytes (Waseem et al. 1999). Our results showed
an increased level of K1 after UV treatment, and a
subsequent decrease in these levels were observed at the
end of the modeling process suggesting that IL-17 and G-
CSF might interfere with Keratin 1 expression in



Salbutamol Treatment on Psoriatic Spheroids

psoriasis. On the other hand, the protein expression level
of Keratin 15 was increased significantly with disease
modeling and after treatment, it decreased to even lower
levels than the beginning. Since no detailed study was
found in the literature suggesting Keratin 15 differences,
the mechanism behind this regulation should be further
investigated.

Psoriasis is thought to to have a complex autoimmune
and inflammatory pathophysiology with a genetic basis. It
is thought that IL-17 induced release of keratinocyte-
derived inflammatory mediators from TNF pathway form
the key mechanisms driving psoriasis pathogenesis and it
was seen that those two pathways are affecting each other
(Ogawa et al. 2018). Supporting this idea, Fujishima et al.
(2010) demonstrated that IL-17 stimulates the production
of IL-6 from keratinocytes and is responsible for the
inflammation in psoriatic skin lesions. Thus, current
medical treatments and new small molecules comprising
immunotherapies try to decrease the levels of those
cytokines. In our study, IL-17 application was used to
optimize the psoriasis modeling. Given the result of
decrement after salbutamol treatment, it is concluded that
psoriasis spheroid model reflects the disease and respond
the therapy. IL-6 mRNA and protein expression also
increased with disease modeling but decreased
significantly after treatment. Despite the decreased
protein expression at the end of the therapy, significantly
high IL-6 mRNA levels were found, suggesting a
different factor interfering with the translation
mechanism. IL-17 and IL-6 pathways are known to
upregulate IL-8 levels in keratinocytes, which leads to
microabscess formation by enhancing neutrophil
recruitment in psoriasis (Ogawa et al. 2018). Although IL-
8 was not significantly changed, IL-6 which is a master
regulator of both inflammation and metabolism (Ghanemi
& St-Arnand 2018) significantly decreased after
treatment.

IL-17 also seemed to be responsible for the reduction
of Filaggrin 2 levels in psoriatic lesions and this alters the
differentiation of Kkeratinocytes as a part of the
pathophysiogical mechanism (Gutowska-Owsiak et al.
2012) (Teruhiko Makino et al. 2014). Consistently, an
increase in Filaggrin 2 protein levels were seen with a
decreased IL-17 levels with disease modeling. Although
Filaggrin 2 protein expression seemed to increase with
disease modeling, mRNA levels first increased with UV
treatment but decreased significantly after 1L-17 and
MAF application, which correlates with the literature
(Simonsen et al. 2017) (Gutowska-Owsiak et al. 2012).
After salbutamol treatment, an increased mRNA level of
Filaggrin 2 was observed in spite of a decreased level of
Filaggrin 2 protein expression. mRNA levels were more
consistent with literature data due to decreased levels with
disease modeling and increased levels after treatment.

MMP-2 stimulation by IL-6, IL-17 and various other
inflammatory cytokines has been reported to be crucial in
early progression of psoriasis (Jovanovic et al. 2000) (Sun
et al. 2014). The key role of this molecule is in the
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modification of ECM and basement membrane, as well as
cell migration and tissue remodeling activation. Feliciani
et al. (1997) was the first to report the significant
overexpression of MMP-2 in psoriatic skin. Conversely,
our results indicated significantly decreased levels of
MMP-2 with disease modeling, and an obvious increase
with the salbutamol treatment in the first 10 hours, with a
return to the starting levels at the end of the treatment.
Application of IL-17 or MAF during disease modeling
might be the reason for the MMP-2 expression.

Since psoriasis was a state of oxidative stress,
enhanced total oxidant levels and decreased total
antioxidant levels were reported in psoriasis patients with
several studies (Armstrong et al. 2011, Lin & Huang
2016, Peluso et al. 2016). After psoriasis modeling,
oxidant levels were significantly increased along with a
less significant increase in antioxidant levels. This was
explained by the effect of formation of the 3D system
since the better interaction of cells may create a protective
environment through different mechanisms. After
treatment, oxidant levels decreased significantly, and
antioxidant levels increased two-fold suggesting the
efficacy of the drug, although the mechanism should be
inquired.

In this study, we created the first stress-related
psoriasis spheroid model which exhibited correlation in
multiple aspects with the literature and searched for the
efficacy of a known drug for the first time in a 3D culture
system. One of the main novelties of our study is the
investigation of a specific B-agonist for determining its
efficacy in psoriasis treatment. Although we proved that
salbutamol treatment may be a possible therapy for
psoriasis, other p-agonists should also be investigated. In
our perspective, considering the known effects and the
suitability of topical application of B, agonists, the
efficacy of salbutamol should not be underestimated and
must be evaluated further for translation of this
knowledge into clinics.

Limitation of the Study

The main limitation of the study is the lack of
demonstration of a specific mechanism underlying the
changes in gene expression at mMRNA and protein levels.
Other limitation is the lack of information on if the
spherical psoriatic organoids recapitulate the human
disease. Lastly, here there are limited numbers of genes
studied. Since psoriasis has a complex background
affecting more than one pathway, the change in the
expression levels of molecules overriding those pathways
with disease modeling must be further analyzed.
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Abstract: Consumer interest in concentrated protein-rich food is growing. Kyrgyz traditional
food Siizmo, which is a highly viscous dairy product that is produced from fermented milk
Ayran, needs to be introduced into the dairy industry. In this study, the rheological parameters
of this indigenous food product were investigated in steady and dynamic rheological
experiments. The flow behaviours of Stizmd were evaluated at six temperatures (20, 30, 40,
50, 60, and 70°C) and suitable rheological models were found. The flow curves of Siizmé at
investigated temperatures have the yield stress (to) values between 32.64 Pa and 285.87 Pa.
The flow properties of Siizm6 samples at 20 and 30°C correspond to the Bingham model.
The Casson model was suitable for describing flow curves at 40, 50, 60, and 70°C with
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Introduction

correlation coefficients R=0.9506 — 0.9973. The effective viscosity (1eff) of Siizmd decreased
from 15.88 to 0.26 Pa's with increasing temperature from 20 and 70°C. The effect of
temperature on the viscosity corresponds to the Arrhenius relationship. The calculated
activation energy was 61.66 kJ/(mol). A linear model was defined taking into account the
influence of moisture content (p>0.05) on effective viscosity (neff) and yield stress (t0). A
temperature-sweep was performed at 20 to 80°C to determine the thermal denaturation of the
fermented milk samples. The measured parameters are essential for the industrial production
of Stizmd and other concentrated fermented milk products.

Ozet: Konsantre protein agisindan zengin gidalara tiiketici ilgisi artmaktadir. Kirgiz
geleneksel fermente siitii “Ayran”dan iiretilen yiliksek viskoziteli bir siit iiriinii olan Siizmd,
siit endiistrisine kazandirilmalidir. Bu ¢alismada, bu essiz gida {irlinliniin reolojik
parametreleri, kararli ve dinamik reolojik deneylerde arastirilmistir. Stizmoniin akis davranisi
alt1 sicaklikta (20, 30, 40, 50, 60 ve 70°C) degerlendirilmistir. Akiskan akma gerilimi (to)
32,64 Paile 285,87 Pa arasinda degigsen Newtonian olmayan bir psddoplastik akigkan olarak
modeli uygulanarak bulunmustur. Casson modeli korelasyon katsayilar1 R=0,9506 — 0,9973
ile 40, 50, 60 ve 70°C'deki akis egrilerine uyan en uygun model olarak bulunmustur. Sicaklik
artigiyla birlikte Stizmd'niin efektif viskozitesi 15,88'den 0,26 Pa-s'ye diismiistiir.
Viskozitenin sicakliga bagimliligi Arrhenius iliskisine karsilik gelir ve aktivasyon enerjisi
61,66 kJ/(mol) olarak hesaplanmistir. Nem igeriginin (p>0.05) etkin viskozite ve akma
gerilmesi lizerindeki etkisi dikkate alinarak dogrusal bir model tanimlanmustir. Fermente siit
orneklerinin termal denatiirasyonunu belirlemek i¢in 20 ila 80°C'de bir sicaklik taramasi
gerceklestirilmistir. Olgiilen parametreler Siizmd'niin endiistriyel iiretimi icin cok nemlidir.

Dairy products are considered as a main dietary source
of minerals like calcium, magnesium, zinc, and B-
complex vitamins such as B2, B5, B6, and B12 (Huth et
al. 2006). Fermentation of food using various starter
cultures is one of the oldest and widely used preservation
methods (Aryama et al. 2016). In Kyrgyz cuising,
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fermented milk Ayran is used in concentrated form.
Stizm6 is also a concentrated product made from
fermented milk (yoghurt) using lactic acid bacteria and
removing the whey portion. From the perspective of
material science, Stizmd is a highly viscous, semisolid,
and protein-rich pasty food. Other concentrated milk
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products, in addition to Stizmd, are known to be consumed
in most places of the world. Stizm6 is made from cow,
sheep, and goat milk and is well known in Turkey as Torba
yoghurt, winter yoghurt, Tulum yoghurt, Peskiiten, or
Siizme (filtered yoghurt) (Giiler & Sanal 2009, Kabak &
Dobson 2011). According to Giiler & Sanal (2009), the
nutritional value of Torba yoghurts made using goat and
sheep milks was characterized with 25.3-25.4% total solids,
9.9-10.9% crude protein, 7.5-9.0% fat, and 4.3-6.7%
lactose content. The concentration of total solids increases
approximately 2.5 times during filtration of yoghurt (Giiler
& Sanal 2009). In various countries of the Middle East and
the Balkans, concentrated fermented milk is also widely
used and called Labneh. Labneh, which has 22-26% total
solids, is very popular in Europe and the USA as Greek
yoghurt. Greek yoghurt has a solid content of about 26-33%
(w/w) and contains 10 to 12 g of protein, whereas an
identical serving of traditional yoghurt provides only about
5.2 g (Atamian et al. 2014, Costa et al. 2019). Greek
yoghurt contains 5 to 8% carbohydrates, which is
approximately half of the carbohydrates compared to
traditional yoghurt (Phadungath 2015). As a healthier
alternative, homemakers often used Greek and Greek-style
yoghurts to replace cream cheese, sour cream, and
mayonnaise. It is also possible to find other concentrated
dairy products such as Ymer (Denmark), Skyr (Iceland),
Tan or Than (Armenia), Shirkland and Chakka (India), and
Leben Zeer (Egypt) (Tamime & Robinson 2007).

Stizmd is usually produced in very limited amounts at
homes in rural areas of Kyrgyzstan. The production
method of Siizmo is similar to the production of Turkish
Torba yoghurt and consists of the following steps:
milking, filtering, heating until 100°C and cooling down
to 40°C. 2% of previous batches of fermented milk called
Ayran is used as a sourdough and fermented for 5-6 h at
38-37°C. The obtained fermented milk is ready to
consume as fresh Ayran, the rest is transferred to a cloth
bag and filtered for several days to remove the whey
(Kabak & Dobson 2011, Kamber 2008). Recently,
ultrafiltration, centrifugation, and reverse osmosis
methods have been recommended for producing
concentrated yoghurt (Ozer 2006, Alirezalu et al. 2019).

In Kyrgyz cuisine, Siizmd is used as an additive to
soups, for preparing a drink called Chalap, and mainly for
the production of dried food products called Kurut. It is
made in the form of balls or cylinders by hand pressing.
Kurut is known in many countries under different names,
for instance as Akgakatik, Kes, or Pestigen in Turkey
(Kabak & Dobson 2011, Kamber 2008). In Tibet, China,
fermented yak milk made by natural fermentation is also
known as Kurut (Liu et al. 2011, 2012).

In recent years, Kurut has become popular and
considered a snack food among most consumers, even
among children. Given the growing consumer demand for
Kurut production, it is very important to investigate the
technological properties of Siizmd in order to obtain a
consumer product with high quality. An important
technological parameter of pasty foods is rheological
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properties as viscosity, flow index and elasticity.
Consequently, processing parameters and product quality
are mainly dependent on rheological properties (Fischer
& Windhab 2011). There is sufficient data on chemical
composition, microbiological and rheological properties, as
well as processing parameters of concentrated yoghurt
Labneh (Ozer et al. 1998, Abu-Jdayil et al. 2000, Abu-
Jdayil & Mohameed 2002) and Torba yoghurt, but no
information exists about Kyrgyz food Siizmo. Therefore,
this research aimed to study the rheological properties of
different samples of Siizmd using an absolute rheometer to
optimize the domestic technological processes of Kurut.

Materials and Methods

Materials and sample preparation

Seven samples of Siizmé freshly produced from
skimmed milk (protein content 8-9%) were purchased
from a local market in Bishkek. All samples were kept in
plastic bags (500 g) in a refrigerator at 4-6°C until
rheological measurements.

Chemical analysis

Titratable acidity, pH, and moisture content of the
samples were investigated according to the methods of
AACC International (AACC 2019). For measurement of
the pH values of the samples, a pH meter SevenCompact
S210 (Mettler Toledo, Greifensee, Switzerland) was used.
Titratable acidity was measured by potentiometric
titration with NaOH (0.1 M) and calculated as the
percentage of lactic acid. Dry matter content was
calculated by the difference. The measured
physicochemical parameters are given in Table 1.

Rheological measurements

The rheological parameters of Siizmd samples were
measured on the rheometer MCR 302 (Anton Paar, Graz,
Austria) equipped with a concentric cylinder CC27. All
measurements were conducted after equilibration of
temperature at 20, 30, 40, 50, 60, and 70°C. The steady
shear viscosity measurements were carried out in up and
down regimes: 1) the shear rate gradually increased
linearly from 0.1 to 50 s; 2) the shear rate was constant
at 50 s%; 3) the shear rate was decreased from 50 t0 0.1 s
1. The area between up and down curves is calculated as
the hysteresis area (in Pa/s).

Table 1. Some physicochemical parameters of Siizmo.

. . Titratable
Moisture Solid o

Sample (%) content (%) B (gfllgé)t)g;)
1 68.18 31.82 3.27 3.48
2 78.90 21.10 3.80 5.27
3 71.50 28.50 3.78 5.76
4 72.00 28.00 3.76 6.57
5 69.20 30.80 3.81 3.48
6 72.00 28.00 3.79 3.47
7 77.50 22.50 4.80 3.72
Average 72.75 27.25 3.86 4.54
SD 3.71 3.71 0.42 1.21




Determination of flow and viscoelastic properties of “Siizmo”

The flow curves obtained in the 3™ interval were
modelled using classical equations such as Bingham (1)
and Casson (2):

@

where 7, is the yield stress, y is the shear rate, ngp
Bingham plastic viscosity, n is the flow behaviour index
in the Bingham model.

T=T0+773p')7

Casson model:

05 _ 05 0.5
T2 =707 +Nca" V¥
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where 7, is Casson’s coefficient of viscosity or is the
infinite shear viscosity.

The activation energy Ea (J/mol) was calculated at

maximum shear stress (7 max = 50 s) according to the
Arrhenius-type relationship (Eg. 3) at the temperature
range 40 - 70°C, as described in Iskakova et al. (2019):

n = dexp (—22) ®)

where A is the constant, R is the ideal gas constant
(8.31 J/mol-K), T is the absolute temperature (K) (Stefte
1996).

Viscoelastic behaviour

Curing (denaturation) temperatures of the samples
were studied in an oscillatory temperature-sweep
experiment in a linear viscoelastic range (LVE) at a strain
v of 10%% and the angular frequency of 1 Hz as described
in Smanalieva & Senge (2009). The temperature of the
samples was increased with a heating rate of 0.5°C/min
from 20 to 80°C. The measured elastic G’ and loss G
moduli provide detailed information on the material
elasticity (stored energy in the form of deformation) and
viscosity (energy dissipation as heat by internal friction).
The curing temperatures according to the oscillatory
measurements were determined by the loss factor tan §:

tan 6 = G"/G’ 4
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Thus, the values of tan 8 above 1 indicate more viscous
flow behaviour, while any value below 1 is related to the
elastic network response (Steffe et al. 2013).

Statistical analysis

SPSS software (SPSS Inc., Chicago, IL) was used for
regression analysis to model the influence of moisture
content on rheological parameters. The RHEOPLUS V
3.61 software (Anton Paar, Ostfildern, Germany) was
used for the regression analysis of rheological data to
model flow behaviour of Siizmé. All parameters were
measured three times.

Results and Discussion

Effect of shear rate on rheological parameters

The viscosity of yoghurt depends on both shear and
time effects (Benezech & Maingonnat 1994). The
relationship between the dynamic viscosity of Siizmé and
the shear rate shows strong shear thinning behaviour (Fig.
1) with high magnitudes of yield stresses (to) at all
investigated temperatures (Fig. 2). The flow properties of
Labneh with a total solids content of about 23% have
previously been described as a shear-thinning fluid (Abu-
Jdayil et al. 2000). According to Ozer et al. (1998), shear-
thinning behaviour occurs due to the progressive
destruction of aggregates of casein molecules. The shear-
thinning flow curves of yoghurt Labneh and other dairy
products (e.g., stirred yoghurt and dairy desserts) were
described with power-law equation known also as Ostwald
- de Waele (Abu-Jdayil et al. 2002, Abu-Jdayil et al. 2000),
and the Herschel-Bulkley model (Karlsson et al. 2005). In
the current study, the regression analysis of the flow curves
for all Siizmo samples was performed according to classical
rheological models, such as Herschel-Bulkley, Bingham,
and Casson models. The Casson model provided the best
fit at 40, 50, 60, and 70°C (R = 0.994-0.997) and the
Bingham model provided the best fit at 20 and 30°C (R =
0.9676-0.9890). Therefore, the structure of Siizmé can be
classified as semi-solid (Casson) and similar to a plastic
fluid (Bingham). The measured and calculated rheological
parameters are given in Table 2.

Table 2. Measured and calculated rheological parameters of Stizmd.

T (°C) Model 10 (Pa) 18p OF MNca (Pa-s) n (-) R SD Atn (Pals) Neff s05) (Pa-s)
20 Bingham 285.87 9.36 1.0 0.9949 6.25 32966.37 15.08
30 Bingham 183.75 4.58 1.0 0.9890 3.30 2655.87 8.25
40 Casson 87.77 1.01 0.5 0.9837 2.38 2274.50 1.90
50 Casson 73.51 0.77 0.5 0.9967 0.76 2562.96 1.58
60 Casson 66.78 0.47 0.5 0.9975 0.42 904.59 1.40
70 Casson 2751 0.74 0.5 0.9978 0.51 1090.99 0.65
80 Casson 32.64 0.62 0.5 0.90 1.96 225.42 0.74
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Determination of flow and viscoelastic properties of “Siizmo”

Temperature dependence of rheological parameters

The temperature influence on rheological parameters
is shown in Fig. 3. An increase in temperature from 20 to
80°C leads to a change in both rheological parameters: the
Bingham (ngp) or Casson viscosity (11ca) drop from 8.78
to 0.67 Pa's and yield stress (1o) - from 285.87 to 32.64 Pa.
Accordingly, the effective viscosity, calculated at a shear
rate of 50 s, decreased from 15.88 to 0.26 Pa-s. Abu-Jdayil
et al. (2002) reported that the viscosity of the Labneh
decreases linearly with increasing temperature. Other
researchers also reported that the rheological parameters of
food materials with the same dry matter content, such as
ketchup (Sharoba et al. 2005, Juszczak et al. 2013), milk
concentrates (Sauer et al. 2012), or cereal porridges
(Iskakova et al. 2017) also depend on temperature.

The influence of temperature on the viscosity of food
materials, including concentrated dairy products, is
usually described using an Arrhenius-type relationship
(Sauer et al. 2012). To obtain the activation energy of Eq.
(3), a linear plot of In(nefr) versus I/T was plotted (Fig. 4).
According to the obtained Eq. from the diagram In (neff) =
7417.5-(1/T) - 22.4, the activation energy was calculated
as follows: E; = 61.66 kd/(mol). On contrary, E, values for
Labneh were lower 21.26 kJ/mol (Abu-Jdayil et al. 2000,
Abu-Jdayil et al. 2002), for the micellar casein
concentrates with reduced 65 and 95% serum protein were
in the ranges of 15.1 to 49.9 and 15.8 to 46.2 kJ/mol,
respectively (Sauer et al. 2012). Krokida et al. (2001)
revealed that in foods with Newtonian flow behaviour, the
activation energy ranges from 14.4 kJ/mol (water) to over
60 kJ/mol (concentrated juices and sugar solutions)
(Krokida et al. 2001). The value of the pre-exponential
parameter A for Siizmé was obtained as 7417.5. This
parameter A indicates the internal resistance of the fluid
to flow, which is not affected by temperature (Goh 2010).
According to Iskakova & Smanalieva (2020), the
activation energy (Ea) and coefficient A for high-fat dairy
food Sary mai were 26.3-29.9 KJ/mol and 0.0002-
0.00004, respectively.

Ln ()= 7417.5%(U/T) - 22.4
3 R2=0.9349

0,0028 0,0029 0,003 0,0031 0,0032 0,0033 0,0034 0,0035
UT, (1K)

Fig. 4. Arrhenius-type model fit for Siizmo.

Increasing the solids concentration in fermented milk
improves the gel formation as a result of the interaction of
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protein  molecules (Mohameed et al. 2004). For
mathematical modelling, linear (Eq. 5) and exponential
equations (Eq. 6-7) were proposed for the dependence of
rheological properties of concentrated milk on the solids
content (Reddy & Datta 1994, Vélez-Ruiz & Barbosa-
Cénovas 2000):

n = AX+b (5)
n = Asexp o™X (6)
K = Acexp @)

where n is the flow behaviour index, X is the solid
concentration (X w/w), K is the consistency coefficient
(Pa-s"), and A, b are constants (Vélez-Ruiz & Barbosa-
Cénovas 2000).

The moisture contents of the investigated Siizmo
samples ranged from 68.18 to 77.55%, thus the average
moisture content (W) was 73.28% w/w. For mathematical
modelling of the dependence of rheological parameters on
temperature and moisture content, the linear regression
analysis was carried out using the SPSS software. The
relationship between moisture content, yield stress, and
effective viscosity for all tested Siizmd samples can be
expressed by Eq. 8:

W=70.28+0.5670-0.79mert 8)

where W is the moisture content (% w/w), to iS the
yield stress (Pa), and nesr is the effective viscosity (Pa-s)
calculated at a shear rate of 50 s Thus, it can be stated
that the rheological parameters of concentrated fermented
milk Siizm6 also depend on the moisture content.

Determination of curdling/denaturation temperature
of Stizmo (Temperature-SWeep)

Fig. 5 shows changes in elastic (G") and loss (G")
moduli depending on temperature. The G' is greater than
the G”, consequently, tan & is below 1, Siizm6 can be
classified as a viscoelastic gel system. The G and G”
values increase with decreasing temperature to 60°C.
Above 60°C, structural compaction or hardening of the
gel occurs, with the G” modulus remaining stable and G”
further decreasing, indicating that Siizmé in the
temperature scale becomes stronger and the number of
individual protein-protein interactions increase due to
heating. Ozer et al. (1999) stated that the gel strength of
Labneh measured using amplitude- and frequency-sweep
modes is mainly dependent on protein content (Ozer et al.
1999, Nsabimana et al. 2005). According to Lee & Lucey
(2004), heating provides energy to increase the entropy of
the system, allowing proteins to accept intermediate
structures that are important for protein-protein
interactions (Lee & Lucey 2004). Thus, the result of the
temperature sweep showed that the temperature of Stizmo
should be below 60°C to avoid a hard consistency of the
final product Kurut.
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Conclusion

Seven batches of protein-rich food product Siizmé
were tested to understand the dependence of rheological
parameters on temperature and moisture content. The
values of the rheological parameters such as consistency
coefficient, yield stress, and apparent viscosity of the
tested samples decreased with increasing temperature.
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Introduction

Abstract: This study covers the observation, recording and interpretation of the
phenological behaviour of the local endemic Paeonia mascula (L.) Mill. subsp. bodurii
Ozhatay in its life cycle. Although phenological observations are mostly applied on
cultivated plants, the data obtained from this study on an endemic taxon constitute an
important resource for the preparation of a conservation action plan. While the
phenological cycle time of the geophyte plant on the ground is determined as 206 days on
average, it spends the winter months in dormancy with an average of 159 days
underground. It was determined that the populations at lower altitudes in their natural
habitats entered the flowering, fruit formation and seed maturation stages relatively earlier
than those grown at higher altitudes and remained in these phenophases for longer periods.
The total life cycle was more or less the same, although there were differences in
phenophases durations and beginnings-ends.

Ozet: Bu arastirma, lokal endemik Paeonia mascula (L.) Mill. subsp. bodurii Ozhatay’in
yasam dongiisii igerisindeki fenolojik davranislarinin gézlemlenmesini, kaydedilmesini ve
yorumlanmasini kapsamaktadir. Fenolojik gbzlemler cogunlukla kiiltiir bitkileri tizerinde
uygulanmakla birlikte, endemik bir taksonunun {izerinde yapilan bu ¢alismadan elde edilen
veriler, koruma eylem plani hazirlanmasinda 6nemli bir kaynak olusturmaktadir. Geofit
olan bitkinin toprak iistiinde geg¢irdigi fenolojik dongii siiresi ortalama 206 giin olarak tespit
edilirken, ki aylarin1 toprak altinda ortalama 159 giin olarak dormanside gegirmektedir.
Dogal habitatlarinda daha diisiik rakimlarda bulunan populasyonlarin yiiksek rakimlarda
yetisenlere gore ¢igeklenme, meyve olusturma ve tohum olgunlagmasi gibi evrelere
nispeten daha erken bir donemde girdigi ve bu fenofazlarda daha uzun siireli kaldig:
belirlenmistir. Fenofaz siirelerinin, baslangi¢-bitislerinde fark olmasina ragmen toplam
yasam dongiisiiniin asag1 yukar1 ayni oldugu goriilmiistiir.

Climate is the most important complex of ecological
factors affecting the main character and distribution areas
of plants and plant communities in the world (Daysal
2013). The collective effects of climatic elements such as
temperature, humidity, precipitation, wind and light play
an important role in both the distributions and life cycles
of organisms. Phenology (derived from the Greek word
“phainein or Phainestai” meaning 'to show' or ‘appear’) is
a science that studies the repetition times of natural events
(Fenner 1998). The duration and time of these natural
events vary according to changes in climatic conditions
particularly depending on temperature, humidity,
precipitation amount and insolation times of plants (Topal
2020).

The results obtained from phenological observations
and their long-term averages are very important for a
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country's agriculture and economy. The averages of
phenological observations are the values that should be
taken into account in the selection or breeding of crop
plants that can best adapt to the climatic conditions of
any region (Simsek et al. 2014). Therefore, most of the
scientific studies have focused on the phenological
observations of agricultural plants. On the other hand,
the number of studies revealing the relationship between
phenology and the conservation of endemic and rare
plants is not too much in number. Endemic and rare
plants are species that can be more sensitive and
vulnerable to changes in environmental conditions
compared to other species. Therefore, the priority of the
studies to be carried out should be to determine the
phenological characteristics of these sensitive species
and to evaluate their results in the preparation of species
protection action plans. However, the effects of
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phenology on conservation biology and nature
management have not yet been adequately studied on a
global scale (Morellato et al. 2016).

The genus Paeonia L. belongs to the Paeoniaceae
family, and it has 52 taxa under 36 species in the world
(The Plant List 2021). Paeonia is divided into three
sections: sect. Moutan DC. (woody or tree peonies, all
in China), sect. Onaepia Lindl. (the two species
restricted to North America) and sect. Paeonia
(herbaceous peonies, 22 species distributed in Europe,
North Africa and Asia) (Hong 2010). All Turkish species
belong to the sect. Paeonia. In the first volume of "Flora
of Turkey and the East Aegean Islands", 6 species were
listed from the genus Paeonia (Davis & Cullen 1965). In
volume 10 published in 1988, P. wittmanniana Hartwiss.
ex Lindl., and in volume 11 published in 2000 Paeonia
mascula (L.) Mill. subsp. bodurii Ozhatay and P.
tenuifolia L. were published (Davis 1988, Ozhatay
2000). There are 6 species and 8 under species taxa
reported in the latest available checklist, in Turkey
(Kortikli 2012). Among these taxa, only Paeonia
mascula subsp. bodurii, are indicated as endemic
(Koriikli 2012).

Paeonia mascula subsp. bodurii was described by
Ozhatay in 1995 as a new subspecies from NW Turkey
(Canakkale province). Paeonia mascula is a highly
variable species, the leaves are ternately or pinnately
compound. This subspecies is very closely related to
subsp. hellenica Tzanoud., which is distributed in
Greece, but it differs from it by its mostly ternate upper
cauline leaves, the central and lateral primary segments
of the leaves having only 3 (undivided) leaflets, whereas
subsp. hellenica usually has 9 uppermost leaflets
(Ozhatay & Ozhatay 1995).

When the taxon was first published, it was known
from only one locality. The IUCN threatening category
of the taxon is given as EN (Ekim et al. 2000). However,
in later field studies performed by us, it was determined
that the taxon was also naturally distributed in different
localities within the Canakkale province (Koke¢ii &
Karabacak 2020). Although the area of the extend of
occurrence of the subspecies has expanded with these
new localities, the area of occupancy is still rather low.
This endemic peony is under high pressure from
deforestation, road constructions, wind power plants,
mining operations and illegal plant gatherings, and their
populations are increasingly negatively affected. Due to
lack of information about the phenological behaviour of
this highly threatened taxon needed for developing a
conservation strategy, the present study was performed
with conservation prospective. Phenological
observations, together with what can be done on this
taxon and other taxa in the future, will both contribute to
the conservation of the species and will be an important
data source in the monitoring of possible effects of
climate changes.
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Materials and Methods

The study area

The study was carried out during the vegetation
seasons between 2018-2021. During field studies, four
localities in Canakkale province, which is the only natural
distribution of Paeonia mascula subsp. bodurii, were
surveyed for assessing the distribution and growth of the
taxon (Fig. 1). These are Ag1 Mountain (921 m), Kiraztasi
(Ugprnar) (720 m), Besiktepe (Karamusalar) (454 m) and
Asagicavus (440 m).

The climate is warm and of temperate Mediterranean
type in Canakkale. Rainfall in the province is mostly in
winter months, while it is relatively less rainy in summer.
The annual average temperature is 15.1°C and the amount
of precipitation per year is 624 mm (Table 1).

The driest month is August, with 9.4 mm of rainfall.
In December, the precipitation reaches its peak, with an
average of 105.4 mm. The warmest month of the year is
July, with an average temperature of 25.1°C, and January
is the coldest month with 6.2°C on average (Table 1).

Phenological Observations

No tools or devices are used during phenology
observations (Simsek et al. 2014). Instead, the intensities
of phenological events are semi-quantitatively determined
and recorded in the field for each phenological stage.
Weekly visits were made to the four study areas, and
phenological observations on selected plants were
recorded in terms of sprouting, bud formation, anthesis,
fruiting, seed maturation and senescence.

The phenophase calendars of the taxon at four
different altitudes in Canakkale were determined, and the
beginning and ending dates of the phenological periods
were recorded. In addition, the phenophase times of the
individuals in each population were recorded, so the total
phenological cycle times that could occur with altitude
and latitude variation were calculated. Fertile plant
samples randomly selected for each locality (10-30
individuals selected depending on the population density
at the locality) were tagged and monitored throughout the
growing season. For the Ag Mount, where optimum
conditions are best, the number of individuals in the
population is very high, but the Asagicavus site is the
southernmost place where the plant can live, and the
number of individuals here is relatively low. For this
reason, differences in the number of individuals between
locations were used in the selection of the studied sample.

The time between the first date of aerial shoot
emergence and the last date of senescence were considered
for calculation of the active periods of the taxon.

Coordinates were taken from the Global Positioning
System (GPS) device for each locality and the distribution
map of the taxon was prepared in ArcView 10.5 software.
Photos were taken with Canon 750 D model.
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Fig. 1. Distribution map of Paeonia mascula subsp. bodurii in Canakkale. Solid red circles denote the localities where the taxon was

recorded so far.

Table 1. Long-term climate data table for Canakkale province between 1929-2020 (Meteorological Service 2021).

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Annual
Average Temp. (°C) 6.2 6.7 84 126 175 222 251 250 211 163 120 84 15.1
Average Max. Temp. (°C) 96 102 125 172 226 277 30.7 306 264 208 159 117 19.7
Average Min. Temp.(°C) 31 34 47 83 127 166 193 196 160 121 85 53 108
Average Precipitation (mm) 916 71.7 659 450 298 253 145 94 252 553 849 1054 6240

Results

Seven phenological stages including sprouting phase,
vegetative phase, bud formation, flowering phase, fruiting
phase, seed maturation phase and senescence were
observed (Fig. 2). These phenological stages were monitored
in all four selected natural populations. This investigation
revealed that the plant species entered the vegetative and
reproductive stages relatively earlier with the decrease in
altitude and the life cycles were longer (Fig. 3).

During the field studies, Paeonia mascula subsp.
bodurii was determined to lived naturally in Agi
Mountain (921 m), Kiraztasi (Ugpmar) (720 m),
Besiktepe (Karamusalar) (454 m) and Asagicavus (440
m). The plant retreats underground during the fall (by 9
October at the latest) and goes dormant during the winter
months (Table 2).

The first plant sprouts in the studied populations
started in the 2" week of March and continued until the
end of the 1t week of April. In the mature plants, after the

Trakya Univ J Nat Sci, 22(2): 207-213, 2021

completion of the sprouting stage, the plant started the
vegetative phase where flower buds formed. Bud formation
began in the last days of March and continued until the last
week of April. The anthesis began in the 2" week of April
and continued until the 3 week of May. The flowers
remained active for approximately 6-10 days, depending on
the air temperature and precipitation. In the middle of the
flowering period, the plant began to bear fruit, and towards
the end of the fruiting period, and immature seeds began to
appear. Fertile seeds began to mature in the 1% week of June
and maturation continued until the 2" week of August.
Senescence and withdrawal of air shoots began in the 3
week of August and lasted until the 2" week of October.
Thus, the phenological cycle period of the taxon was
calculated as 206 days on average. Although the
phenophase durations are somewhat prolonged with the
lowering of the altitude, the total life cycle is more or less
the same in the general perspective (Fig. 4). The geophyte
endemic plant spends its winter months underground in
dormancy in an average of 159 days.



210 B. Koke¢ii & E. Karabacak

Fig. 2. Phennological stages of Paeonia mascula subsp. bodurii.a. Sprouting phase, b. vegetative phase, c. bud formation, d. flowering
phase, e. fruiting phase, f. seed maturation phase, g. senescence.

Senescence

Seed maturation

Fruiting
Anthesis —
Bud formation
Sprouting —
1 T T T T T 1 T T 1 1 T
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov  Dec
s Mount A1 mmmm Kiraztagi Begsiktepe m— Asagicavus

Fig. 3. Phenogram of Paeonia mascula subsp. bodurii in studied localities.
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Table 2. Phenophase dates and durations in four natural populations of the taxon.

- o Kiraztas Besiktepe =
Phenophases Ag'(gg(l)urﬁ)tam (I"Jg:pmai) (Karasmusle)llar) A?Z%’%us
(720 m) (454 m)
Initial 15 Mar 14 Mar 12 Mar 10 Mar
Sprouting Completion 5 Apr 6 Apr 5 Apr 11 Apr
Duration 22 days 24 days 25 days 33 days
Initial 4 Apr 1 Apr 30 Mar 1 Apr
Bud formation Completion 19 Apr 19 Apr 21 Apr 25 Apr
Duration 15 days 18 days 21 days 24 days
Initial 20 Apr 18 Apr 15 Apr 13 Apr
Anthesis Completion 20 May 20 May 22 May 23 May
Duration 30 days 32 days 37 days 40 days
Initial 2 May 29 Apr 27 Apr 22 Apr
Fruiting Completion 29 May 30 May 1Jun 2 Jun
Duration 27 days 32 days 35 days 41 days
Initial 7 Jdun 4 Jun 1 Jun 28 May
Seed maturation Completion 5 Aug 7 Aug 6 Aug 13 Aug
Duration 59 days 64 days 66 days 78 days
Initial 20 Aug 21 Aug 21 Aug 24 Aug
Senescence Completion 9 Oct 5 Oct 2 Oct 4 Oct
Duration 50 days 46 days 43 days 42 days
Duration of phenological cycle 208 days 205 days 205 days 205 days
WINTER

Dormant period
159 days

Sprouting
33 days'

FALL

Fruit formation
41 days

Seed maturation
78 days

Anthesis
40 days

Active period
206 days

Fig. 4. Phenographic life cycle of Paeonia mascula subsp. bodurii.

Discussion

Plant phenology includes the timing and duration of
repetitive biological events, including reproductive events
such as sprouting, flowering, fruiting, and seed dispersal.
Therefore, flowering phenology is a very important
developmental process to determine the reproductive

evolutionary consequences (Waser 1978). The information
obtained from phenological studies is very important for
the planning of successful conservation strategies of
endangered plant species and their future ex-situ
conservation studies (Gopalakrishnan & Thomas 2014).

The results of this study revealed that there was partial

success of plants. Differences in reproductive cycle times
between species and their populations can have important

Trakya Univ J Nat Sci, 22(2): 207-213, 2021

asynchrony in all phenophases of the samples distributed
in the studied populations as a result of altitude
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differences between the populations and the location
differences in the north-south direction. Because the
temperature decreases gradually as the altitude increases,
the same phenomenon is seen from south to north.
Consistent with the present results and that of previous
studies (Ziello et al. 2009, Nazir et al. 2017), as the
altitude increases, the plants bloom relatively later than
those at lower altitudes. The blooming asynchronization
between populations is very useful for increasing the
efficiency of pollinators, reducing intraspecific
competition and promoting out crossing. In order for a
threatened species to be successful in its struggle for
survival, it is extremely important that the flowering
period is healthy and long, and especially that the
pollinators work effectively during that period.

All populations of Paeonia mascula subsp. bodurii
have a life period of 205-208 days from their sprouting to
the senescence of the aerial shoots. This knowledge is
invaluable in understanding phenological behaviour and
developing strategies to effectively conserve wild
populations in-situ or ex-situ in botanical gardens.
Although reproductive biology is widely researched in
plant conservation biology in Turkey, our present results,
which reveal the full life cycle of the local endemic P.
mascula subsp. bodurii, will serve as an exemplary model
for further similar studies, since there exists no detailed
phenological atlas study as reported here.
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Abstract: The Mycobiota of Samanli Mountains were investigated in this study. Specimens
were collected during 3 years between November 2012 and November 2015. 510 macrofungal
taxa belonging to 197 genera within 84 families were recorded with field and laboratory studies.
Of these, 37 genera and 57 taxa belong to Ascomycota, while 160 genera and 453 taxa belong
to Basidiomycota. Nine species were found for the first time in Turkey from Basidiomycota.
These taxa are Amanita subnudipes (Romagn.) Tulloss, Hebeloma quercetorum Quadr.,
Hygrocybe obrussea (Fr.) Wunsche, Lactarius mediterraneensis Llistosella & Bellu, Lactifluus
glaucescens (Crossl.) Verbeken, Russula lilacea Quél., R. rubra (Lam.) Fr., Stereopsis reidii
Losi & A. Gennari and Tricholoma roseoacerbum A. Riva. The Stereopsidaceae family and
the genus Stereopsis D.A. Reid was found for the first time in Turkey.
The richest families in terms of the number of taxa are Russulacea with 58 taxa (11.3%),
Agaricaceae with 46 taxa (8.9%), Tricholomataceae with 43 taxa (8.4%), Boletaceae with
32 taxa (6.2%), Polyporaceae with 23 taxa (4.5%) and the most crowded genera are Russula
Pers. with 41 taxa (8%), Tricholoma (Fr.) Staude with 26 taxa (5%), Amanita Dill. ex Boehm.
. with 19 taxa (3.7%), Lactarius Pers. with 16 taxa (3.1%) and Inocybe (Fr.) Fr. with 14 taxa
Egétvegnbégweel (2.7%). The ecological status of the species is as follows; 245 (48%) are saprobe, 226 (45%) are
y mycorrhizal, 20 (3.7%) are lignicolous, 18 (2.9%) are parasite, and one is entomopathogenic.

*Corresponding Author: Habitat distribution in the research area is as follows: 300 species in Abies nordmanniana (Stev.)

Hasan Hiiseyin Dogan Spach. subsp. bornmuelleriana (Mattf.) Coode & Cullen forest, 295 species in Fagus orientalis
hhuseyindogan@yahoo.com Lipsky forest, 125 species in Quercus spp. forest, 88 species in Pinus nigra J.F.Arnold forest, 56

species in Castanea sativa Mill. forest, 53 species in Pinus sylvestris L. forest, 49 species in
ORCID iDs of the authors: Carpinus orientalis Mill. forest and 24 species in Pinus maritima Lam. forest.

HHD. orcid.org/0000-0001-8859-0188 .
00. orcid.org/0000-0001- 9846-3668  Ozet: Bu ¢aliymada Samanli daglarinin mikobiotasi arastirilmistir. Ornekler Kasim 2012 ve
MAS. orcid.org/0000- 0001-8843-4361 Kasim 2015 arasinda 3 yil boyunca toplanmustir. 84 familya ve 197 cinse ait 510 makromantar
taksonu belirlenmistir. Bunlardan, 37 cins ve 57 takson Ascomycota’ya aitken 160 cins ve 453
Keywords: takson ise Basidiomycota’ya aittir. Basidiomycota’dan 9 tiir Tiirkiye’de ilk kez bulunmustur.
g;’;%i'hd}"f[tor;%ﬁz Bu taksonlar Amanita subnudipes (Romagn.) Tulloss, Hebeloma quercetorum Quadr.,
New records Hygrocybe obrussea (Fr.) Wunsche, Lactarius mediterraneensis Llistosella & Bellu, Lactifluus
Turkey glaucescens (Crossl.) Verbeken, Russula lilacea Quél., R. rubra (Lam.) Fr., Stereopsis reidii
Losi & A. Gennari ve Tricholoma roseoacerbum A. Riva.’dur. Stereopsidaceae familyasi ve
Stereopsis D.A. Reid cinsi Tiirkiye’de ilk kez belirlenmistir.
Tiir sayis1 bakimmdan en zengin familyalar Russulaceae’den 58 takson (%11,3),
Agaricaceae’den 46 takson (%8,9), Tricholomataceae’den 43 takson (%8,4),
Boletaceae’den 32 takson (%6,2), Polyporaceae’den 23 takson (%4,5) dur. En zengin
cinsler ise Russula Pers. 41 takson (%8), Tricholoma (Fr.) Staude 26 takson (%5), Amanita
Dill. ex Boehm. 19 takson (%3,7), Lactarius Pers. 16 takson (%3,1) ve Inocybe (Fr.) Fr. 14 takson
(%2,7)’dur. Tirlerin ekolojik durumlart su sekildedir; 245 (%48) saprop, 226 (%45)
mikorizal, 20 (%3,7) lignikolar, 18 (%2,9) parazit, ve bir tiir entomopatojeniktir. Arastirma
alanindaki habitat dagilim asagidaki gibidir; 300 takson Abies nordmanniana (Stev.)
Spach.subsp. bornmuelleriana (Mattf.) Coode & Cullen ormaninda, 295 takson Fagus
orientalis Lipsky ormaninda, 125 takson Quercus spp. ormaninda, 88 takson Pinus nigra
J.F.Arnold ormaninda; 56 takson Castanea sativa Mill. ormaninda; 53 takson Pinus sylvestris
L. ormaninda, 49 takson Carpinus orientalis Mill. ormaninda ve 24 takson Pinus maritima
Lam. ormanindadir.
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Introduction

Fungal species play important roles in ecosystems. For
instance, they decompose organic materials and occupy
diverse niches in forest ecosystems. In order to learn their
ecological roles, it is necessary to determine their
distribution areas, species diversity and the habitat types
habitats they occupy. In this way, we can get useful
information about common and widely distributed, rare,
poisonous or edible species, or species that are important
in terms of the ecological cycle. Such a knowledge helps
mycologists to understand the macrofungal diversity of an
area, region or even a country and allows to make a
comparison with the macrofungal data of other studied
places. In addition, it is also possible to reveal new or rare
species in this way. During field studies, it is important to
learn the knowledge of local people about mushrooms and
to determine their ways to use them ethnomicologically.

Many studies on macrofungal diversity were carried
out and yet many are still ongoing both in Turkey and in
world. As a result of these studies, significant
contributions have been made to the macrofungal
diversity of Turkey. A checklist of the fungi of Turkey
was published in 2020 with broad cooperation of Turkish
mycologists (Sesli et al. 2020). According to this
checklist, a total of 5865 fungal taxa, including 2782
Basidiomycota, 2728 Ascomycota 282 Myxomycota, 2
Chytridiomycota, 33 Oomycota and 38 Zygomycota
species identified in Turkey have been listed so far.
Regarding the ecology and habitat choices of these taxa,
the majority are found in coniferous and broadleaved
(latifolius) forest ecosystems. Other environments in
which fungal species can be found were reported as
meadows, waterfronts, humid areas and similar different
habitats. When the relevant literature was reviewed, no
study was found on fungal diversity of Samanli
Mountains. Samanli Mountains has different kind of the
forest types formed by various trees such as Abies sp.,
Carpinus sp., Fagus sp., Pinus sp. and Quercus sp. The
climatic conditions of the mountain provide optimum
growth of mushrooms. We therefore chose it as the study
area to determine the macrofungal diversity present and
contribute to the Turkish mycobiota.

Materials and Methods

Description of the area

Samanli Mountains are located in the southeast of the
Marmara Region in Turkey (Fig. 1). The range stretches
between Bozburun at the edge of Armutlu Peninsula in the
west, and Geyve Strait formed by Sakarya River in the
east. A close look at the natural vegetation of the study
area highlights kermes oak (Quercus coccifera L.), holly
oak (Quercus ilex L.), and bay laurel (Laurus nobilis L.)
as the main shrubs and ligneous plants in the maquis
formation up to 500-600m. Hawthorn (Crataegus
oxyacantha L.) and a Black Sea enclave, boxwood (Buxus
sempervirens L.), are seen in patches among maquis
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elements. The main ligneous plants in the forest cover of
the area are pedunculate oak (Quercus pedunculata
Ehrh.), oriental beech (Fagus orientalis Lipsky), Uludag
fir (Abies nordmanniana subsp. bornmuelleriana (Mattf.)
Coode & Cullen), chestnut (Castanea sativa Mill.), black
pine (Pinus nigra subsp. caramanica (Loudon)
Businsky), stone pine (Pinus pinea L.), Turkish pine
(Pinus brutia Ten.), common hornbeam (Carpinus
betulus L.) and Scots pine (Pinus sylvestris Lour.).
Groups of oriental planes (Platanus orientalis L.), maple
(Acer platanoides L.), and white poplar (Populus alba L.)
can also be seen in patches. The area is in the
Mediterranean climatic zone in terms of macroclimatic
type, and the annual rainfall varies between 400 mm and
1200 mm.

Collection and identification of the species

The macrofungi specimens were collected from 148
localities in Bursa, Kocaeli, Sakarya and Yalova
provinces during the years 2012-2015 (Fig. 1, Table 1).
The localities are listed alphabetically, and coordinates,
heights, habitats and collecting time were given in Table
1. Partition numbers refer to the numbers given to forest
areas by the forest management directorates in Table 1.
Important macroscopical features and ecological
information of the specimens were noted in the field and
digital images were taken in their habitat. Collected
specimens were dried in dehydrators after each study day
and the dried materials were put into plastic bags to bring
them to the fungarium in good condition for further
analysis. Micromorphological characters were examined
using a Leica DM3000 light microscope and
photographed digitally. Specimen tissues were examined
with some chemical reagents (Melzer; KOH in 10%, 5%,
3%, or 2% solutions; cotton blue; IKI; etc.) for
macroscopic and microscopic studies. The measurements
of at least 20 spores per specimen were taken. The
specimens were identified according to Eriksson &
Ryvarden (1973,1976), Eriksson et al. (1978, 1984),
Moser (1983), Breitenbach & Krinzlin (1984, 1986,
1991, 1995, 2000), Hjortstam et al. (1987, 1988),
Candusso & Lanzoni (1990), Ryvarden & Gilbertson
(1993, 1994), Candusso (1997), Basso (1999), Riva
(20034, 2003b), Galli (2003a, 2003b, 2004, 2006, 20074,
2007b), Neville & Poumarat (2004), Bernicchia (2005),
Horak (2005), Muiioz (2005), Krénzlin (2005), Medardi
(2006), Robich (2007), Parra (2008), Michael et. al
(2014), Knudsen & Vesterholt (2008) and Christensen &
Heilmann-Clausen (2013). New records were checked
according to Sesli et al. (2020). Taxa, family, and author
citations are quoted according to Cannon & Kirk (2007),
Kirk et al. (2008), Index Fungorum
(http://www.indexfungorum.org/Names/Names.asp) and
MycoBank (http://www.mycobank.org). The specimens
are kept in the Fungarium of Mushroom Application and
Research Centre, Selcuk University, Konya, Turkey.
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Fig. 1. Map showing the study area. The black line shows the borders of Samanli Mountains and solid coloured circles correspond the
different localities where the specimens were collected.

Locality List
Table 1. The locality names, coordinates, altitudes, habitat types and collection date details.
Loc.No Localities Coordinates Height Habitats Date
. . . s 40°21'04"N, F. orientalis, P. nigra, Quercus
L1  Bursa, Gemlik, Fevziye Vill., Karagol district 20°1826"F 776 m sp. forest 10.X.2014
Bursa, Gemlik, Gemlik-Sarikaya road, 40°32°25"N,
L2 Soganlitarla district 29°11°50"E 660 m Quercus sp. forest 07.V1.2013
Bursa, Gemlik, Haydariye Vill., Cesme 40°30'19"N, . . . .
L3 district 29°07'07"E 420 m F. orientalis, C. orientalis forest 02.V1.2014
Bursa, Gemlik, Haydariye Vill., Dereici 40°32'27"N, . . . .
L4 district 29°08'59"E 470 m F. orientalis, C. orientalis 02.V1.2014
. . . . 40°30'59"N,
L5 Bursa, Gemlik, Haydariye Vill., Dortyol cross 29°08'49"F 605 m Quercus sp. forest 23.X.2013
. . . L 40°32'22"N, F. orientalis, C. orientalis,
L6  Bursa, Gemlik, Haydariye Vill., Tokat district 29507'09"E 425 m Quercus sp., R. ponticum forest 03.VI1.2013
Bursa, Gemlik, Haydariye Vill., upper parts 40°30'37"N, .
L7 of a gezintiyolu district 29°06'37"E 605 m P. nigra, A. unedo forest 23.X.2013
Bursa, Gemlik, Haydariye Vill., Yesilbastepe  40°30'12"N,
L8 gezintiyolu district 29°06'53"E 405 m Quercus sp. forest 02.V1.2014
Bursa, Gemlik, Kiiglikkum, upward of 40°27'48"N, .
L9 Gendarme station 20°07'47"E 300 m P. nigra forest 20.X1.2013
. . 40°29'26"N,
L10 Bursa, Gemlik, Narli Vill. 2859 7"E 450 m  Quercus sp. forest 02.V1.2014
Bursa, Gemlik, opposite to partition no: 250  40°30'27"N, F. orientalis, C. orientalis,
=i of Haydariye Vill. 29°09'44"E gl Quercus sp., R. ponticum forest B0
L12 Bursa, Gemlik, partition no 44, ‘;%03049,11‘:),% 557 m F. orientalis forest 26.X.2013
. . . 40°31'02"N, F. orientalis, C. orientalis,
L13 Bursa, Gemlik, upward of Haydariye Vill. 29°08'51"E 40m Quercus sp., R. ponticum forest 03.VI1.2013
L14 Bursa, Gemlik, upward of Narli Vill. i 480m P pinea forest 20.X1.2013
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L15

L16

L17

L18

L19

L20

L21

L22

L23

L24

L25

L26

L27

L28

L29

L30

L31

L32

L33

L34

L35

L36

L37

L38

L39

L40

L41

L42

L43

L44

L45

L46

Bursa, Haydariye Vill., Kolagandere district
Bursa, Iznik, Aybas1 district, forest

Bursa, iznik, Candarl series, partition no 20
Bursa, iznik, Candarl Vill.

Bursa, iznik, Candarli, Sarigam district

Bursa, Iznik, Candarl1, Subatim district

Bursa, Iznik, downward of Mecidiye Vill.,
Bogazdere district

Bursa, Iznik, Elmah Vill., upward of the Pasa
neighbourhood

Bursa, Iznik, Hakkidiizliigii district
Bursa, Iznik, [znik-G6lciik border

Bursa, Iznik, Kirintt

Bursa, Iznik, Merkeztepe district, partition no
27

Bursa, Iznik, next to a mine
Bursa, Iznik, Pilavtepe district
Bursa, iznik, Pilavtepe district

Bursa, iznik, upward of Haciosman Vill.

Bursa, Iznik, upward of Kahraman
neighbourhood

Bursa, Mahmudiye, Haciosman meadow-
Kutluca crossroads

Bursa, Mahmudiye, Kutluca Vill.

Bursa, Mahmudiye, Taslitarla district
Bursa, Mahmudiye, Yapraklidere district
Bursa, Mahmudiye, Yoncalik district

Kocaeli, Golciik, Bagkiraz Plateau

Kocaeli, Golciik, downward of Cansuyu
district

Kocaeli: Golciik, Thsaniye Vill., Kurtlarvadisi
district

Kocaeli, Gélciik, Thsaniye, Ayvazpmari
district, picnic area

Kocaeli, Gélciik, Thsaniye, Ayvazpimari
district, downward of picnic area

Kocaeli, Golciik, Mecidiye Vill.
Kocaeli, Golciik, Menekse Plateau

Kocaeli, Golciik, next to Inci tasocag: district

Kocaeli, Golciik, on the way of Ayvazpinari
district

Kocaeli, Golciik, on the way of Eriklitepe
district

40°31'59"N,
29°09'29"E
40°36'39"N,
29°42'57"E
40°34'13"N,
29°53'06"E
40°31'45"N,
29°49'13"E
40°31'49"N,
29°49"25"E
40°34'32"N,
29°53'25"E
40°34'42"N,
29°44'52"E
40°32'34"N,
29°52'25"E
40°33'41"N,
29°47'31"E
40°36'23"N,
29°45'26"E
40°33'33"N,
29°51'34"E
40°33'29"N,
29°54'50"E
40°36'05"N,
29°46'01"E
40°35'04"N,
29°40'38"E
40°36'46"N,
29°42'48"E
40°36'22"N,
29°48'20"E
40°35'59"N,
29°45'14"E
40°34'04"N,
29°49'11"E
40°33'51"N,
29°51'13"E
40°36'09"N,
29°46'04"E
39°55'07"N,
29°43'41"E
40°34'55"N,
29°48'49"E
40°36'05"N,
29°41'02"E
40°36'22"N,
29°48'20"E
40°38'25"N,
29°48'46"E
40°36'55"N,
29°44'56"E
40°37'02"N,
29°45'11"E
40°35'13"N,
29°44'56"E
40°35'01"N,
29°54'48"E
40°36'06"N,
29°46'50"E
40°36'50"N,
29°4526"E
40°36'08"N,
29°45'55"E

544 m

950 m

955 m

858 m

934 m

990 m

623 m

860 m

850 m

921 m

886 m

940 m

950 m

730 m

710 m

839 m

740 m

995 m

850 m

947 m

919 m

1005 m

780 m

865 m

250 m

830 m

780 m

760 m

890 m

922 m

840 m

970 m

F. orientalis forest

Quercus sp.

F. orientalis forest

P. sylvestris, Quercus sp. forest
P. sylvestris forest

F. orientalis forest

Quercus sp. forest

F. orientalis forest

P. nigra, Quercus sp. forest

F. orientalis forest

P. sylvestris, Quercus sp., C.
orientalis forest

F. orientalis forest
P. nigra, Quercus sp. forest
Quercus sp. forest

Quercus forest

Quercus sp., F. orientalis, P.
sylvestris forest

P. nigra, Quercus sp. forest

F. orientalis, Quercus sp. forest
F. orientalis, P. sylvestris forest
F. orientalis, C. orientalis forest
F. orientalis, C. orientalis forest
F. orientalis, C. orientalis forest
Quercus sp. forest

F. orientalis forest

F. orientalis, Quercus sp. forest

F. orientalis forest

F. orientalis, C. orientalis, C.
sativa, C. avellana forest

Quercus sp. forest
F. orientalis forest

F. orientalis forest

F. orientalis, C. orientalis,
Quercus sp. forest

F. orientalis forest

23.X.2013

24.X.2013

05.V1.2013

25.X.2013

05.X1.2015

05.V1.2013

24.X.2013

05.V1.2013

25.X.2013

11.X.2014

11.X.2014

05.V1.2013

25.X.2013

04.V1.2013

24.X.2013

11.X.2014

25.X.2013

04.V1.2014

04.V1.2014

04.V1.2013

04.V1.2013

04.V1.2013

31.V.2014

26.X.2014

26.X.2014

31.V.2014

26.X.2014

31.V.2014

05.V1.2013

31.V.2014

01.X.2014

31.Vv.2014
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L47

L48

L49

L50

L51

L52

L53

L54

L55

L56

L57

L58

L59

L60

L61

L62

L63

L64

L65

L66

L67

L68

L69

L70

L71

L72

L73

L74

Kocaeli, Golciik, on the way of Inci tasocag
district to Golciik, 1. km down of Selale district

Kocaeli, Golciik, Pilavtepe crossroad

Kocaeli, Golciik, upward of Mecidiye Vill.,

Kestanelik district

Kocaeli, Karamiirsel, exit of Tahtal1 Vill.

Kocaeli, Karamiirsel, Fulacik crossroad

Kocaeli, Karamiirsel, Fulacik, exit from

Tahtal1 Vill., next to the fountain

Kocaeli, Karamiirsel, Fulacik Vill.,

Kocaeli, Karamiirsel, Mahmudiye Vill.,

Tahtal1 roadside

Kocaeli, Masukiye, across Sislivadi district

Kocaeli, Masukiye, entrance of Kuzuyayla

Nature Park

Kocaeli, Masukiye, Kartepe road, gezintiyolu

district

Kocaeli, Masukiye, Kartepe, Altioluk Plateau
Kocaeli: Suadiye, Altioluk Plateau, the back

of the transmitter

Kocaeli, Suadiye, Hafizintarlas1 district,

Kocaeli, Suadiye, on Kartepe road, left side

Kocaeli, Yuvacik, across Servetiye, Dikkulak

district

Kocaeli, Yuvacik, Aytepe district

Kocaeli, Yuvacik, entrance of Inonii Plateau

Kocaeli, Yuvacik, in6nii Plateau

Kocaeli, Yuvacik, inonii Plateau, Sehitlik

district road

Kocaeli, Yuvacik, Inonii Plateau, Sehitlik

district

Kocaeli, Yuvacik, Servetiye mosque, roadside

Sakarya, Akyazi, Avcigimeni district

Sakarya, Akyazi, between Avcicimeni and

Yilanlikaya district

Sakarya, Akyazi, Cigdem Plateau,

Sakarya, Akyazi, Dokumaci district,

Sakarya, Akyazi, Dokurcun, down part of

Dikmentepe district

Sakarya, Akyazi, Dokurcun, Giildiiriiksu

district

40°36'22"N,
29°48'20"E
40°35'38"N,
29°41'08"E
40°39'27"N,
29°47'52"E
40°34'21"N,
29°39'20"E
40°34'37"N,
29°38'16"E
40°34'18"N,
29°38'16"E
40°36'06"N,
29°46'50"E
40°31'17"N,
29°38'15"E

40°39'14"N,
30°07'45"E

40°38'50"N,
30°06'53"E
40°41'00"N,
30°08'59"E
40°37'28"N,
30°06'59"E
40°38'12"N,
30°05'52"E
40°40'16"N,
30°0027"E
40°40'20"N,
30°03'04"E
40°39'18"N,
29°56'22"E
40°36'30"N,
29°55'36"E

40°35'09"N,
30°00'06"E

40°33'52"N,
29°59'30"E

40°33'58"N,
30°01'34"E
40°33'58"N,
30°02'39"E
40°38'09"N,
29°56'37"E

40°31'05"N,
30°34'16"E

40°31'02"N,
30°3428"E
40°38'56N,
30°52'13"E
40°33'08"N,
30°34'13"E
40°39'03'N,
30°5328"E
40°38'41"N,
30°5347"E

850 m

760 m

560 m

730 m

685 m

670 m

922 m

690 m

1200 m

1400 m

460 m

1310 m

1360 m

400 m

540 m

460 m

960 m

1240 m

1240 m

1160 m

1150 m

450 m

1260 m

1253 m

1460 m

1185 m

1350 m

1390 m

C. orientalis forest
P. nigra, Quercus sp. forest
C. sativa, Quercus sp. forest
Quercus sp. forest

meadow area

F. orientalis, C. sativa, C.
orientalis forest

Quercus sp. forest

F. orientalis, P. nigra forest

A. nordmanniana subsp.
bornmuelleriana, F. orientalis
forest

A. nordmanniana subsp.
bornmuelleriana, F. orientalis
forest

F. orientalis, P. nigra forest
F. orientalis forest

F. orientalis forest

Quercus sp., F. orientalis, C.
orientalis, C. avelleana forest

P. sylvestris forest

F. orientalis, C. orientalis, C.
sativa forest

F. orientalis, C. sativa, C.
orientalis forest

P. sylvestris, A. nordmanniana
subsp. bornmuelleriana, F.
orientalis forest

A. nordmanniana subsp.
bornmuelleriana, P. nigra, F.
orientalis, C. orientalis, R.
ponticum forest

F. orientalis, P. sylvestris, forest

F. orientalis forest

F. orientalis, C. sativa, C.
orientalis, R. ponticum forest
A. nordmanniana subsp.
bornmuelleriana, F. orientalis,
Quercus sp. forest

A. nordmanniana subsp.
bornmuelleriana, F. orientalis
forest

A. nordmanniana subsp.
bornmuelleriana forest

A. nordmanniana subsp.
bornmuelleriana, C. orientalis,
Pteridium sp. forest

A. nordmanniana subsp.
bornmuelleriana forest

A. nordmanniana subsp.
bornmuelleriana forest

01.X.2014

01.X.2014

01.X.2014

01.V1.2014

01.X.2014

01.X.2014

01.VI1.2014

24.X.2013

25.X.2014

25.X.2014

28.1X.2014

25.X.2014

27.V.2014

27.X1.2012

27.X1.2012

17.1V.2013

28.X1.2012

28.X1.2012

29.1v.2014

09.VI1.2013

09.V1.2013

17.1vV.2013

01.X1.2013

30.1X.2014

24.V.2014

02.X1.2012

24.V.2014

24.V.2014
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L75

L76

L77

L78

L79

L80

L81

L82

L83

L84

L85

L86

L87

L88

L89

L90

L91

L92

L93

L94

L95

L96

L97

L98

L99

L100

L101

Sakarya, Akyazi, Dokurcun, Kindira Plateau

Sakarya, Akyazi, Dokurcun, upward of
Giildiirtiksu district

Sakarya, Akyazi, down part of Hardamalik,
Durmuslar district

Sakarya, Akyazi, Goktepe, Ahmediye Vill.,
Kestanediizii district

Sakarya, Akyazi, Isirganlik district

Sakarya, Akyazi, Kayabasi, Kiremitlik district

Sakarya, Akyazi, Keremali Pateau
Sakarya, Akyazi, Keremali Plateau, behind
the Mosque

Sakarya, Akyazi, Kuzuluk Nature Park

Sakarya, Akyazi, Kuzuluk, on the way to
Yenikdy from the centre

Sakarya, Akyazi, Mansurlar planting area,

Sakarya, Akyazi, Ozdemirler Plateau

Sakarya, Akyazi, Pine planting area on the
Giizlek road

Sakarya, Akyazi, Salihiye

Sakarya, Akyazi, Soguksu forest building
Sakarya, Akyazi, upper part of Kurucay
Plateau

Sakarya, Akyazi, upper part of Ozdemirler P
Plateau

Sakarya, Akyazi, Yazlik neighbourhood
Sakarya, Akyazi, Yenikoy, Keremali, side of
the forest building

Sakarya, Akyazi, Yenikoy, Keremali,
Kestanelik district

Sakarya, Akyazi, Yenikoy, the side of the
Keremali forest building, going to Yenikdy,
with 500m remaining

Sakarya, Akyazi, Yilanlikaya turnoff, towards
Avcigimeni

Sakarya, Akyazi, Yorikyeri Vill., between
Civci and Giiney neighbourhood, roadside

Sakarya, Akyazi, Yoriikyeri Vill.

Sakarya, Akyazi, Zincirlibaba tomb road
separation

Sakarya, Akyazi, Zirvedag1

Sakarya, Geyve, Acielma 2 district

40°38'01"N,
30°49'12"E

40°37'58"N,
30°52'13"E
40°34'88"N,
30°44'78"E
40°35'37"N,
30°32'26"E
40°39'11"N,
30°44'04"E
40°32'43"N,
30°42'51"E

40°38'46"N,
30°45'34"E

40°37'46"N,
30°45'35E
40°37'19"N,
30°39'10"E
40°38'55"N,
30°39'12"E
40°34'42"N,
30°4324"E
40°30'12"N,
30°40'49"E
40°39'42"N,
30°40'07"E
40°37'09"N,
30°36'20"E
40°39'06"N,
30°43'37"E

40°31'25"N,
30°42'07"E

40°30"21"N,
30°40'51"E
40°37'12"N,
30°36"21"E

40°38'47"N,
30°42'30"E

40°38'58"N,
30°43'33"E

40°39'10"N,
30°43'38"E

40°30'59"N,
30°35'12"E,

40°32'49"N,
30°45'49"E
40°31'09"N,
30°46'17"E
40°34'17"N,
30°37'57"E
40°38'54"N,
30°43'59"E

40°35'47"N,
30°09'48"E

1390 m

1510 m

203 m

961 m

1200 m

960 m

1100 m

1100 m

370 m

260 m

280 m

1260 m

225m

160 m

930 m

1282 m

1300 m

155 m

942 m

882 m

972 m

1260 m

827 m

1245 m

941 m

1050 m

1100 m

A. nordmanniana subsp.
bornmuelleriana, F. orientalis
forest

A. nordmanniana subsp.
bornmuelleriana forest

A. nordmanniana subsp.
bornmuelleriana forest

C. orientalis forest

A. nordmanniana subsp.
bornmuelleriana forest

A. nordmanniana subsp.
bornmuelleriana, F. orientalis
forest

A. nordmanniana subsp.
bornmuelleriana, P. sylvestris, R.
ponticum forest

A. nordmanniana subsp.
bornmuelleriana forest

F. orientalis, C. orientalis,
Quercus sp. forest

Quercus sp. forest

P. nigra forest

A. nordmanniana subsp.
bornmuelleriana forest

P. sylvestris forest

Quercus sp. forest

A. nordmanniana subsp.
bornmuelleriana forest

A. nordmanniana subsp.
bornmuelleriana, F. orientalis
forest

A. nordmanniana subsp.
bornmuelleriana forest
Quercus sp., C. monogyna, R.
caesius forest

A. nordmanniana subsp.
bornmuelleriana, P. sylvestris, F.
orientalis, R. ponticum forest

C. orientalis, R. caesius forest

A. nordmanniana subsp.
bornmuelleriana, F. orientalis
forest

A. nordmanniana subsp.
bornmuelleriana, F. orientalis,
Quercus sp. forest

C. orientalis, F. orientalis,
Trifolium sp., D. laciniatus forest

F. orientalis forest

F. orientalis forest

A. nordmanniana subsp.
bornmuelleriana forest

A. nordmanniana subsp.
bornmuelleriana, P. nigra, F.
orientalis, C. orientalis, R.
ponticum forest

24.V.2014

24.V.2014

22.V.2014

02.X1.2012

02.X1.2013

29.X.2014

03.X1.2012

22.V.2014

18.1v.2013

18.1v.2013

03.X1.2013

04.X1.2012

18.1v.2013

29.X.2014

02.X1.2013

23.V.2014

23.V.2014

18.1v.2013

03.X1.2012

03.X1.2012

03.X1.2012

01.X1.2013

04.X1.2012

04.X1.2012

30.1X.2014

02.X1.2013

31.X.2013
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A. nordmanniana subsp.
Sakarya, Geyve, Acielma district, Glimiisdere  40°35'S6"N, Bornmuelleriana, P. nigra, F.
L102 chiefdom 30°10'23"E AL orientalis, C. orientalis, R. sl
ponticum forest
40°35'49"N A. nordmanniana subsp.
L103 Sakarya, Geyve, Acielma district 30°10‘60"E’ 1060 m bornmuelleriana, F. orientalis 31.X.2013
forest
L104 Sakarya, Geyve, Eskiyayla Vill. 43%03025,3122,% 935m P. nigra forest 31.X.2013
L . . 40°34'00"N, .
L105 Sakarya, Geyve, Glimiisdere, Kazimiye Vill. 30°1121"E 900 m P. nigra, Quercus sp. forest 30.X1.2012
L106 Sakarya, Geyve, Glimiisdere district 43%03131,5357,% 917 m P. nigra, Quercus sp. forest 30.X1.2012
40°35'03"N A. nordmanniana subsp.
L107 Sakarya, Geyve, Kaymakam suyu district 30°10" 40"E’ 970 m bornmuelleriana, P. nigra, F. 30.X1.2012
orientalis forest
. I A. nordmanniana subsp.
L108 Sakar)./.a, Siepgure, Uererldh, Iilsa el e VAL, A 030 ,17 ,}\I’ 1150 m bornmuelleriana, F. orientalis, C.  28.V.2014
Karagol Plateau 30°34'39"E : - :
orientalis, B. sempervirens forest
e ot A. nordmannina subsp.
L109 S.aka.rya’ Giayoiey Uerekd, S s v 1 030 SSN 1250 m bornmuelleriana, B. sempervirens  28.V.2014
district 30°33'54"E
forest
0n 11 A. nordmannina subsp.
L110 selei, Gepe, Lamldi, tper pat o i 031 ,05 N 1315 m bornmuelleriana, B. sempervirens  28.V.2014
Disdedeler Plateau 30°32'38"E forest
40°34'53"N C. sativa, F. orientalis, C.
L111 Sakarya, Goktepe, the place of Pala district 30°32‘34”E’ 926 m orientalis, R. ponticum, R. sanctus  02.X1.2012
forest
40°34'55"N A. nordmanniana subsp.
L112 Sakarya, Karapiirgek district ororesme 1160 m bornmuelleriana, F. orientalis 28.X.2014
30°29'56"E forest
.. - 40°36'07"N, F. orientalis, C. sativa, C.
L113 Sakarya, Karapiir¢ek, Uludere district 30°30136'E 570 m orientalis forest 28.X.2014
40°33'08"N A. nordmanniana subsp.
L114 Sakarya, Pamukova, Atalani district e 870 m  bornmuelleriana, P. nigra, 29.X1.2012
30°06'04"E
Quercus sp. forest
. 40°33'05"N, .
L115 Sakarya, Pamukova, Bakacak Vill. 30°06'01"E 910 m P. nigra, Quercus sp. forest 31.X.2013
- A. nordmanniana subsp.
Sakarya, Pamukova, Katir6zii, forest 40°31'58"N, . .
L116 B - 30°03'51"E 800 m bo_rnmugllerlana, P. nigra, F. 29.X1.2012
orientalis forest
e ot A. nordmanniana subsp.
L117 SELETE, (L), SIS Qi shicsf 0 031 ,OO }\I’ 1105 m bornmuelleriana, F. orientalis 29.1X.2014
camp 29°59'30"E forest
L118 Sakary_a, Pamukova, Sogucak way, under the  40°33 '18}\1, 1000 m F. orientalis, P. nigra, Quercus 27 X.2014
transmitter 30°11'02"E sp. forest
Sakarya, Pamukova, the upper part of Ahiler ~ 40°29'38"N, P. nigra, P. brutia, R. sanctus
S o 30°0052'E O™ forest N
L120 S"?karya’ ML, TR Oy A4 033 ,53 }\I’ 930 m P. nigra, Quercus sp. forest 27.X.2014
Vill. 30°11'33"E
40°37'10"N A. nordmanniana subsp.
L121 Sakarya, Sapanca, Cakilocag: district o1 mnene. 970 m  bornmuelleriana, Salix sp., C. 26.X1.2012
30°14'25"E . . -
sativa, C. orientalis forest
Sakarya, Sapanca, Geyve entrance from 40°36'20"N, . .
L122 Seak iz 30°1134"E 1115 m F. orientalis forest 30.X.2013
40°38'10"N A. nordmanniana subsp.
L123 Sakarya, Sapanca, Memnuniye Vill. o1cmaone 850 m  bornmuelleriana, Salix sp., C. 26.X1.2012
30°15'09"E - - :
sativa, C. orientalis forest
40°36'55"N A. nordmanniana subsp.
L124 Sakarya, Sapanca, Sogucak Plateau entrance 30010,52,,]5’ 1200 m bornmuelleriana, P. nigra, P. 27.1X.2014
sylvestris forest
Sakarya, Sapanca, Sogucak Plateau road, 40°39'34"N, C. sativa, F. orientalis, C.
L125 Chestnut area 30°13'57"E S orientalis, P. nigra forest 27.1X.2014
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Table 1 Continued.

H.H. Dogan et al.

L126

L127

L128

L129

L130

L131

L132

L133

L134

L135

L136

L137

L138

L139

L140

L141

L142

L143

L144

L145

L146

L147

L148

Sakarya, Sapanca, Sogucak Plateau

Sakarya, Sapanca, Sogucak Plateau, on the
Geyve dam road

Sakarya, Sapanca, upper part of Memnuniye
Vill.

Sakarya, Suadiye, Kuzuyayla district

Sakarya, Suadiye, Taskonak villas, upward of
Motali

Yalova, Armutlu, partition no 149

Yalova, Armutlu to Karapinar, partition no 64
Yalova, Armutlu, Delmece Plateau

Yalova, Armutlu, Mecidiye Vill.

Yalova, Armutlu, partition no 151

Yalova, Bespiar Plateau

Yalova, Canakpinar Plateau

Yalova, Cinarcik, Delmece Plateau entrance

Yalova, Cinarcik, Delmece Plateau

Yalova, Cinarcik, Karlik Plateau, partition no
197, 242

Yalova, Cinarcik, Tesvikiye, Dipsizgoller
district

Yalova, Cinarcik, Tesvikiye Vill., partition no
15

Yalova, Cinarcik, Tegvikiye Vill., partition no
161

Yalova, Cinarcik, Tesvikiye Vill., partition no
200

Yalova, Cinarcik, Urban forest

Yalova, Haydariye Vill., partition no 35

Yalova, Termal, on the way of Haydariye
Vill.

Yalova, Termal, Suyolu district

40°34'35"N,
30°09'59"E
40°36'20"N,
30°11'41"E
40°38'49"N,
30°15'17"E
40°38'52"N,
30°07'02"E
40°41'24"N,
30°08'00"E
40°32'01"N,
28°59'97"E
40°33"21"N,
28°57'61"E
40°32'44"N,
29°00'15"E
40°30'42"N,
28°54'42"E
40°32'37"N,
29°00'16"E
40°32'03"N,
29°13'18"E
40°32'40"N,
29°11'34"E
40°32'47"N,
29°00'20"E
40°32'44"N,
29°00'15"E
40°34'86"N,
28°59'38"E
40°37'25"N,
29°0521"E
40°35'25"N,
29°0021"E
40°36'39"N,
26°05'41"E
40°37'30"N,
29°08'42"E
40°35'46"N,
29°02"29"E
40°33'28"N,
29°06'27"E
40°34'47"N,
29°09'08"E
40°34'54"N,
29°10'40"E

1100 m

1190 m

760 m

1400 m

280 m

760 m

587 m

765 m

495 m

780 m

720 m

700 m

800 m

765 m

840 m

595 m

600 m

500 m

200 m

475m

550 m

210 m

A

nordmanniana subsp.

bornmuelleriana, F. orientalis
forest

C. orientalis forest

Quercus sp., F. orientalis, C.
orientalis forest

F.

orientalis, C. sativa, C.

orientalis forest

P.

P.

F.

F.

P.

F.
F.

nigra, Quercus sp. forest
nigra forest

orientalis forest

orientalis, C. orientalis forest
maritima forest

orientalis, P. nigra forest
orientalis, C. orientalis, Tilia

sp. forest

F.

F.

F.

F.

F.

F.

orientalis forest
orientalis, P. sylvestris, forest
orientalis, C. orientalis forest

orientalis, young forest

. orientalis, Quercus sp. forest
. maritima forest

. orientalis, C. sativa forest

. maritima forest

. orientalis, Quercus sp. forest

orientalis forest

orientalis, C. sativa forest

200 m F. orientalis, C. sativa forest

14.V1.2012

25.V.2014.

15.1v.2013

16.1V.2013

16.1v.2013

06.V1.2013

06.V1.2013

06.V1.2013

10.X.2014

06.V1.2013

07.V1.2013

07.V1.2013

03.V1.2014

03.V1.2014

06.V1.2013

03.V1.2014

11.X1.2014

11.X1.2014

11.X1.2014

03.V1.2014

26.X.2013

03.VI1.2014

03.V1.2014

Abbreviations; (E): edible, (F): used as food, (1): inedible, (M): used for medical purposes, (P): poisonous, (U): unknown, (?): suspicious,
(L): locality.

Results

Bertia moriformis (Tode) De Not.: (I), L127, saprobe

Division ASCOMYCOTA
Order Coronophorales
Family Bertiaceae

on herbaceous and woody tissue.

Hymenoscyphus calyculus (Fr.) W. Phillips: (1), L70,

Order Helotiales
Family Helotiaceae

L86, saprobe.

L60, L67, L68, L103, L122, L146, saprobe.

Hymenoscyphus serotinus (Pers.) W. Phillips: (1),

Family Lachnaceae

Dasyscyphella nivea (R. Hedw.) Raitv.: (1), L46,

saprobe.

Lachnellula calyciformis (Batsch) Dharne: (1), L79,
saprobe.

Lachnellula occidentalis (G.G. Hahn & Ayers)

Dharne: (), L95, saprobe.

Lachnellula subtilissima (Cooke) Dennis: (1), L126,
saprobe.
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Lachnum virgineum (Batsch) P. Karst.: (1), L11, L20,
L36, L83, L124, saprobe.
Family Pezizellaceae

Calycina citrina (Hedw.) Gray: (1), L24, L41, L588,
L63, L65, L70, L78, L95, L102, L119, L122, saprobe.

Calycina parilis (P. Karst.) Kuntze: (I), L63, saprobe.
Family Rutstroemiaceae
Rutstroemia firma (Pers.) P. Karst.: (1), L63, saprobe.
Family Sclerotiniaceae
Ciboria amentacea (Balb.) Fuckel: (1), L49, saprobe.

Order Hypocreales
Family Cordycipitaceae

Ophiocordyceps gracilis (Grev.) G.H. Sung, J.M.
Sung, Hywel-Jones & Spatafora: (M), L57, on caterpillar,
entomopathogenic.

Family Nectriaceae
Nectria cinnabarina (Tode) Fr.: (1), L126, saprobe.

Order Leotiacae
Family Leotiaceae

Leotia lubrica (Scop.) Pers.: (1), L3, L65, L126, L146,
saprobe.

Order Pezizales
Family Caloscyphaceae

Caloscypha fulgens (Pers.) Boud.: (1), L66, parasite on
the seeds of conifers.

Family Helvellaceae

Dissingia leucomelaena (Pers.) K. Hansen & X.H.
Wang: (E, or ?), L75, mycorrhizal.

Helvella acetabulum (L.) Quél.: (E, or ?), L73,
mycorrhizal.

Helvella atra J. Konig: (I), L144, mycorrhizal.

Helvella crispa (Scop.) Fr.: (E, or ?), L93, L112,
L125, mycorrhizal.

Helvella elastica Bull.: (E), L3, L41, L112, L147,
mycorrhizal.

Helvella fibrosa (Wallr.) Korf: (1), L79, mycorrhizal.

Helvella lacunosa Afzel.: (E, or ?), L5, L58, L71, L83,
mycorrhizal.

Helvella leucophaea (Battarra) Pers.: (I), L85,
mycorrhizal.

Family Morchellaceae

Morchella esculenta (L.) Pers.: (E), L130,

mycorrhizal.
Family Pezizaceae

Legaliana badia (Pers.) Van Vooren: (1), L3, L133,
mycorrhizal.

Trakya Univ J Nat Sci, 22(2): 215-243, 2021

223

Pachyella celtica (Boud.) Hiffne: (I), L47, L79,
saprobe.

Paragalactinia succosa (Berk.) Van Vooren: (I), L49,
saprobe.

Peziza arvernensis Roze & Boud.: (I), L70, L75,
saprobe.

Peziza depressa Pers.: (1), L112, saprobe.
Peziza micropus Pers.: (1), L83, saprobe.

Sarcosphaera coronaria (Jacq.) J. Schrét.: (E, or ?),
L73, L74, saprobe.

Family Pyronemataceae

Aleuria aurantia (Pers.) Fuckel: (1), L38, L60, L70,
L101, saprobe.

Aleuria splendens (Quél.) Gillet: (I), L64, L111,
saprobe.

Geopora sumneriana (Cooke ex W. Phillips) M.
Torre: (1), L766, saprobe.

Humaria hemisphaerica (F.H. Wigg.) Fuckel: (1),
L52, L70, saprobe.

Otidea alutacea (Pers.) Massee: (1), L103, L10, L126,
saprobe.

Tarzetta catinus (Holmsk.) Korf & J.K. Rogers: (1),
L58, L68, L70, L71, L73, saprobe.

Tarzetta cupularis (L.) Lambotte: (1), L70, saprobe.
Family Sarcoscyphaceae

Sarcoscypha coccinea (Gray) Boud.: (I), L5, L143,
saprobe.

Order Xylariales
Family Diatrypaceae

Diatrype disciformis (Hoffm.) Fr.: (1), L5, L11, L186,
L17,L21, L29, L30, L35, L58, L59, L65, L66, L67, L78,
L83, L98, L103, L107, L126, L127, L132, L133, L135,
L136, L137, L139, saprobe.

Diatrype stigma (Hoffm.) Fr.: (I), L63, L68, L137,
saprobe.

Eutypa acharii Tul. & C. Tul.: (1), L102, saprobe.
Family Graphostromataceae

Biscogniauxia nummularia (Bull.) Kuntze: (), L62,
endophytic.

Family Hypoxylaceae

Daldinia concentrica (Bolton) Ces. & De Not.: (M),
L60, saprobe.

Hypoxylon fragiforme (Pers.) J. Kickx f.: (1), L36,
L52, L81, L88, L128, L136, saprobe.

Hypoxylon macrosporum P. Karst.: (1), L78, saprobe.
Hypoxylon rutilum Tul. & C. Tul.: (1), L6, saprobe.

Jackrogersella cohaerens (Pers.) L. Wendt, Kuhnert
& M. Stadler: (1), L94, saprobe.
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Jackrogersella multiformis (Fr.) L. Wendt, Kuhnert &
M. Stadler: (1), L46, L63, L78, L127, L126, L127, L132,
L137, saprobe.

Family Melogrammataceae
Melogramma campylosporum Fr.: (1), L81, saprobe.

Melogramma spiniferum (Wallr.) De Not.: (I), L58,
saprobe.

Family Xylariaceae

Kretzschmaria deusta (Hoffm.) P.M.D. Martin: (1),
L126, saprobe.

Rosellinia mammiformis (Pers.) Ces. & De Not.: (I),
L60, L83, L88, saprobe.

Xylaria hypoxylon (L.) Grev.: (1), L111, saprobe.
Xylaria longipes Nitschke: (1), L125, saprobe.

Xylaria polymorpha (Pers.) Grev.: (M), L46, L56,
L57, L63, L70, L86, L126, saprobe.

Division BASIDIOMYCOTA
Order Agaricales
Family Agaricaceae

Agaricus arvensis Schaeff.: (E), L108, saprobe.

Agaricus bisporus (J.E. Lange) Imbach: (E), L70,
saprobe.

Agaricus bresadolanus Bohus: (P), L90, saprobe.
Agaricus campestris L.: (F), L72, saprobe.
Agaricus comtulus Fr.: (E), L7, saprobe.

Agaricus cupreobrunneus (Jul.Schaff. & Steer) Pilat:
(E), L115, saprobe.

Agaricus essettei Bon: (E), L18, L65, saprobe.

Agaricus langei (F.H. Mgller) F.H. Maller: (E), L65,
saprobe.

Agaricus moelleri Wasser: (P), L52, saprobe.
Agaricus pampeanus Speg.: (E), L18, L126, saprobe.
Agaricus sylvicola (Vittad.) Peck: (E), L30, saprobe.

Agaricus xanthoderma Genev.: (P), L65, L69, L126,
saprobe.

Chlorophyllum brunneum (Farl. & Burt) Vellinga: (E,
or ?), L78, saprobe.

Chlorophyllum rhacodes (Vittad.) Vellinga: (E),
L104, saprobe.

Coprinus comatus (O.F. Miill.) Pers.: (F), L86, L97,
saprobe.

Crucibulum laeve (Huds.) Kambly: (1), L41, L70,
L79, L93, L119, saprobe.

Cyathus olla (Batsch) Pers.: (1), L99, saprobe.

Cystoderma amianthinum (Scop.) Fayod: (I), L65,
L118, saprobe.

Cystoderma carcharias (Pers.) Fayod: (I), L65,
saprobe.
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Cystodermella granulosa (Batsch) Harmaja: (1), L81,
L120, saprobe.

Lepiota clypeolaria (Bull.) P. Kumm.: (P), L09, L108,
L120, saprobe.

Lepiota cristata (Bolton) P. Kumm.: (P), L15, L57,
saprobe.

Lepiota ignivolvata Bousset & Joss. ex Joss: (P), L18,
L30, saprobe.

Lepiota kuehneri Huijsman: (P), L85, saprobe.

Lepiota oreadiformis Velen.: (P), L49, L137, saprobe.

Leucoagaricus leucothites (Vittad.) Wasser: (E), L48,
L51, saprobe.

Macrolepiota excoriata (Schaeff.) Wasser: (E), L70,
L1012, L126, saprobe.

Macrolepiota heimii (Locg.) Bon: (E), L51, saprobe.

Macrolepiota mastoidea (Fr.) Singer: (E), L10, L18,
L60, L65, L66, L86, L103, L116, L126, saprobe.

Macrolepiota procera (Scop.) Singer: (F), L18, L21,
L23, L30, L34, L45, L48, L54, L57, L64, L65, L66, L70,
L84, L85, L106, L107, L114, L120, L126, L139, saprobe.

Mycenastrum corium (Guers.) Desv.: (E), L15, saprobe.
Family Amanitaceae

Amanita battarrae (Boud.) Bon: (U), L39,

mycorrhizal.

Amanita caesarea (Scop.) Pers.: (F), L10, L18, L112,
mycorrhizal.

Amanita citrina Pers.: (P), L18, L30, L44, L478, L63,
L65, L66, L102, L103, L107, L117, L120, L126, L139,
mycorrhizal.

Amanita echinocephala (Vittad.) Quél.: (I), L26,
L133, mycorrhizal.

Amanita excelsa (Fr.) Bertill.: (E), L17, L20, L34,
L64, L100, L124, L137, L141, L146, mycorrhizal.

Amanita franchetii (Boud.) Fayod: (1), L113, L138,
mycorrhizal.

Amanita gemmata (Fr.) Bertill.: (P), L3, L8, L33, L35,
L43, L44, L46, L58, L62, L65, L66, L69, L77, L81, L82,
L108, L124, 1L.126, L127, L132, L136, L138, L139 L140,
L141, L143, L145, mycorrhizal.

Amanita mairei Foley: (1), L5, L10, L58, L88, L30,
mycorrhizal.

Amanita muscaria (L.) Lam.: (P), L18, L55, L64, L65,

L70, L79,L89, L95, L96, L100, L102, L107, L124, L126,
mycorrhizal.

Amanita nivalis Grev.: (U), L8, mycorrhizal.

Amanita pantherina (DC.) Krombh.: (P), L8, L10,
L52, L60, L63, L93, L95, L118, L139, mycorrhizal.

Amanita phalloides (Vaill. ex Fr.) Link: (P), L17, L34,
L38, L81, L125, L135, L139, L140, L141, mycorrhizal.
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Amanita rubescens Pers.: (E), L4, L8, L11, L17, L18,
L20, L26, L32, L33, L34, L35, L36, L40, L60, L6, L64,
L65, L66, L67,L95,197,L.124, L.133, L135, L136, L137,
L138, L139, L140, L141, L147, L148, mycorrhizal.

Amanita solitaria (Bull.) Mérat: (P), L4, mycorrhizal.

Amanita submembranacea (Bon) Gréger: (U), L4, L9,
L11, L36, mycorrhizal.

Amanita subnudipes (Romagn.) Tulloss: (E), (New
record for Turkey)

Pileus 30-80 mm wide, conic at first, then convex,
mat, with a striate margin, pale pure orange or with a more
yellow tint (Fig. 2a). Flesh white, orange-ocherish under
the cuticle, thin, almost odourless, taste mild. Lamellae
free, subcrowded, and whitish, short lamellae are
infrequent. Stipe 110-140 x 12-20 mm, cylindrical, white,
or very pale, fragile, exannulate, hollow. The sac-like
volva is white, membranous, thin, tall, and persistent.
Spores (5-)7.5-10(-13) x (6-)9-12(-18) pm, subglobose to
broadly ellipsoid (rarely globose or ellipsoid or narrower)
and inamyloid (Fig. 2b). Basidia 10-12 x 50-55 um,
cylindrical to subclavate, 4-spored (Fig. 2c).

Distribution: L11, under Quercus sp., mycorrhizal.

Remarks: While this species was previously described
as Amanita crocea var. subnudipes Romagn., it was raised
to the species level by Tullos (2000). It is easily separated
from Amanita crocea with its pure orange or with a more
yellow tint pileus, white or very pale and lacking
contrasting fibrillose decoration stipe.

Amanita vaginata (Bull.) Lam.: (E), L4, L5, L9, L11,
L18, 21, L27,1L34,L37,138, L40, L67, L68, L81, L108,
L127, L137, L138, L146, L147, L148, mycorrhizal.

Amanita verna (Bull.) Lam.: (P), L35, L141, L142,
mycorrhizal.

Amanita virosa Bertill.: (P), L47, L137, L140,
mycorrhizal.

Zhuliangomyces illinitus (Fr.) Redhead: (E), L40,
saprobe.

Family Cortinariaceae

Cortinarius aureofulvus M.M. Moser: (I), L108,
mycorrhizal.

Cortinarius elegantissimus Rob. Henry: (1), LA40,
mycorrhizal.

Cortinarius humicola (Quél.) Maire: (P), L66, L144,
mycorrhizal.

Cortinarius melanotus Kalchbr.: (1), L2, mycorrhizal.

Cortinarius orellanus Fr.: (P), L2, mycorrhizal.
Family Crepidotaceae

Crepidotus luteolus Sacc.: (1), L85, L91, mycorrhizal.

Crepidotus variabilis (Pers.) P. Kumm.: (1), L7, L85,
saprobe.
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Family Entolomataceae

Clitopilus prunulus (Scop.) P. Kumm.: (E), L87, L25,
saprobe.

Entoloma lividoalbum (Kiihner & Romagn.) Kubicka:
(), L40, saprobe.

Entoloma rhodopolium (Fr.) P. Kumm.: (P), L6, L108,
saprobe.

Entoloma sinuatum (Bull. ex Pers.) P. Kumm.: (P),
L11, saprobe.

Family Fistulinaceae

Fistulina hepatica (Schaeff.) With.: (E), L50, L84,
saprobe, or weakly parasite, causes a brown rot.

Family Hydnangiaceae

Laccaria amethystina Cooke: (E), L4, L48, L53, L66,
L79, L80, L94, L108, L109, L118, L125, L127, L145,
L147, mycorrhizal.

Laccaria laccata (Scop.) Cooke: (E), L4, L42, LA47,
L48, L53, L62, L64, L66, L94, L96, L109, L108, L112,
L127, L22, mycorrhizal.

Laccaria proxima (Boud.) Pat.: (E), L95, mycorrhizal.
Family Hygrophoraceae

Ampulloclitocybe clavipes (Pers.) Redhead, Lutzoni,
Moncalvo & Vilgalys: (E), L84, L118, saprobe.

Cantharellula umbonata (J.F. Gmel.) Singer: (E),
L66, mycorrhizal.

Chrysomphalina chrysophylla (Fr.) Clémengon: (U),
L53, L66, saprobe.

Hygrocybe conica (Schaeff.) P. Kumm.: (1), L89,
L119, L127, saprobe.

Hygrocybe obrussea (Fr.) Wunsche: (E), (New record
for Turkey)

Pileus 15-30(70) mm across, campanulate, obtusely
conic at first, later conic-campanulate to plane, often with
an obtuse umbo, surface somewhat butyraceous when
moist, satiny, dull when dry, orange to yellow-orange or
reddish-orange when young, later fading to grey or olive-
yellow or olive-brownish, margin acute, somewhat cleft,
barely striate (Fig. 3a). Flesh lemon to orange-yellow
coloured, thin, odour like Lactarius quietus, taste mild,
somewhat unpleasant. Lamellae broad, yellow to yellow-
orange, broadly adnexed and sometimes decurrent as a
tooth, edges yellowish, smooth.

Stipe 4-10 x 25-60 mm, cylindric, somewhat flexuous,
at times somewhat compressed, surface smooth,
longitudinally fibrillose, dry, with translucent cross-
bands, yellow-orange to orange, base sometimes whitish,
hollow, elastic. Spores 3.5-5 x 7-9.5 um, elliptic-
cylindric, usually constricted, smooth, hyaline, with drops
(Fig. 3b). Basidia 40-50 x 7-8.5 um, clavate, with 4-
sterigmata and basal clamp (Fig. 3b).

Distribution: L40, under Quercus sp., saprobe.
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Fig. 3. Hygrocybe obrussea. a) Macroscopic view, b) basidiospores and basidia, Scale 15 um.

Remarks: In addition to the dry stipe, the characteristic
features of this species are the +/broadly adnexed lamellae
(never free), the typical odour like Lactarius quietus, and
the constricted spores. The epithet H. obrussea is
interpreted very variously in the lit. Arnolds (1986)
clarified this problem and showed that H. quieta is a
synonym of the Friesian species Agaricus obrusseus, and
he proposed a neotypification. Hygrophorus obrusseus ss.
Kuhn. is a different species with free lamellae, without a
special odour, with non-constricted spores, and with
cheilocystidia. This species was newly described by
Arnolds (op.cit.) under the name Hygrocybe cystidiata
(Breitenbach & Krinzlin, 1991).

Hygrophorus agathosmus (Fr.) Fr.. (E), L101,
myecorrhizal.

Hygrophorus chrysodon (Batsch) Fr.. (E), L97,
myecorrhizal.

Hygrophorus
myecorrhizal.

Hygrophorus hedrychii (Velen.) K. Kult: (U), L144,
myecorrhizal.

eburneus (Bull.) Fr.. (E), L2,

Hygrophorus penarius Fr.: (E), L4, L31, L121,
mycorrhizal.

Hygrophorus
mycorrhizal.

Hygrophorus pudorinus (Fr.) Fr.: (E), L66, L97, L15,
L119, mycorrhizal.

poetarum R. Heim: (E), L13,

Family Hygrophoropsidaceae

Hygrophoropsis aurantiaca (Wulfen) Maire: (P), L86,
L118, saprobe.

Family Hymenogastraceae
Galerina badipes (Pers.) Kiihner: (P), L66, saprobe.
Gymnopilus sapineus (Fr.) Murrill: (P), L66, saprobe.
P.D. Orton: (U), L2,

Hebeloma leucosarx

mycorrhizal.

Hebeloma quercetorum Quadr.: (1), (New record for
Turkey)
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Fig. 4. Hebeloma quercetorum. a) Macroscopic view, b) basidiosp

Pileus 20-50 mm, convex at first, expanded with age,
margin decurved for a long time, viscid to slimy,
somewhat hygrophanous or not, dark pinkish buff to clay-
buff or yellowish-brown (Fig. 4a). Flesh elastic and firm,
hollow with a hanging string in the stem, white or whitish,
with a greyish brown zone over the lamellae. Lamellae
deeply emarginate, medium broad to rather broad, fairly
crowded, at first pale pinkish buff, then through dark
pinkish buff to clay-buff, without droplets. Smell and taste
radish-like. Stipe 6-13 x 28-80 mm, cylindrical or with the
base widened to 2 mm, whitish, discolouring to brown
from the base, finely pruinose, especially in the upper
part. Cortina absent, universal veil not observed. Spore
deposit umber. Spores 6-8.5 x 10-14 pum, amygdaloid to
broadly citriform, ornamentation distinct to rather strong,
dextrinoid (Fig. 4b). Basidia 8-12 x 25-32 um, cylindrical
to subclavate, with 4-sterigmata (Fig. 4c). Cheilocystidia
6-8 x 30-55 um, ventricose with a swollen basal part, less
often cylindrical or subclavate (Fig. 4d).

Distribution: L11, under Quercus sp., mycorrhizal.

Remarks: H. quercetorum has a mixture of differently
shaped cheilocystidia. It has ventricose or lageniform
cheilocystidia that are mixed with cylindrical below.
There are also usually a few intermediates that are clavate-
lageniform, i.e. swollen both at the apex and in the basal
part. Within Hebeloma. sect. Sinapizantia, and with a
large number of ventricose cheilocystidia, can be
confused with H. sinapizans. However, it is easily
separated from H. sinapizans macroscopically by the
occasional presence of tears, the lower number of
lamellae and the less robust appearance, and
microscopically by the presence of occasional gently
clavate and clavate-lageniform cheilocystidia.
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c) basidia, d) cheilocystidia. Scales 15 pm.
Hebeloma sinapizans (Paulet) Gillet: (P), L90, L120,
L121, mycorrhizal.
Family Inocybaceae
Inocybe acuta Boud.: (P), L36, mycorrhizal.
Inocybe asterospora Quél.: (P), L9, mycorrhizal.

Inocybe catalaunica Singer: (P), L91, L92, L111,
mycorrhizal.

Inocybe fuscidula Velen.: (P), L66, L92, mycorrhizal.
Inocybe godeyi Gillet: (P), L73, mycorrhizal.

Inocybe Malengon: (P), L73,

mycorrhizal.

grammopodia

Inocybe lacera (Fr.) P. Kumm.: (P), L87, mycorrhizal.

Inocybe phaeodisca Kiihner var. geophylloides: (P),
L66, mycorrhizal.

Inocybe posterula (Britzelm.) Sacc.: (P), L66, L78,
L87, L92, L111, mycorrhizal.

Inocybe pseudodestricta Stangl & J. Veselsky: (P),
L1, L91, mycorrhizal.

Inocybe queletii Konrad: (P), L127, mycorrhizal.
Inocybe sambucina (Fr.) Quél.: (P), L1, mycorrhizal.

Inocybe splendens R. Heim: (P), L74, L104,
mycorrhizal.

Inosperma bongardii (Weinm.) Matheny & Esteve-
Rav.: (P), L1, mycorrhizal.

Inosperma bongardii (Weinm.) Matheny & Esteve-
Rav.: (P), L73, L74, mycorrhizal.

Inosperma erubescens (A. Blytt) Matheny & Esteve-
Rav.: (P), L73, mycorrhizal.
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Family Lycoperdaceae

Bovista plumbea Pers.: (E), L52, L59, L66, L72, L109,
L127, saprobe.

Calvatia gigantea (Batsch) Lloyd: (E), L52, L87,
saprobe.

Calvatia utriformis (Bull.) Jaap: (E), L66, L72, L95,
L118, saprobe.

Lycoperdon atropurpureum Vittad.: (E), L147,
saprobe.

Lycoperdon caudatum J. Schrét.: (E), L66, saprobe.

Lycoperdon echinatum Pers.: (E), L19, L31, L50, L53,
L66, saprobe.

Lycoperdon excipuliforme (Scop.) Pers.: (E), L96,
saprobe.

Lycoperdon lividum Pers.: (E), L82, L87, L135,
saprobe.

Lycoperdon mammiforme Pers.: (E), L50, saprobe.

Lycoperdon molle Pers.: (E), L31, L53, L66, L70,
L71,L104, L108, L112, L127, saprobe.

Lycoperdon nigrescens Wahlenb.: (E), L74, saprobe.

Lycoperdon perlatum Pers.: (E), L6, L11, L19, L31,
L46, L49, L53, L58, L65, L66, L71, L74, L82, L86, L87,
L97, L98, L103, L107, L108, L109, L115, L120, L121,
L124, L125, L126, L127, saprobe.

Lycoperdon pratense Pers.: (E), L52, L109, saprobe.

Lycoperdon pyriforme Schaeff.: (E), L35, L59, L66,
L67, L87, L108, L127, L129, saprobe.

Lycoperdon umbrinum Pers.: (E), L53, saprobe.
Family Lyophyllaceae

Lyophyllum fumosum (Pers.) P.D. Orton: (E), L98,
saprobe.

Lyophyllum transforme (Sacc.) Singer: (E), L104,
saprobe.

Family Marasmiaceae
Marasmius bulliardii Quél.: (I), L126, saprobe.

Marasmius cohaerens (Pers.) Cooke & Quél.: (I), L46,
saprobe.

Marasmius oreades (Bolton) Fr.: (E), L66, saprobe.

Marasmius torquescens Quél.: (1), L79, L118,
saprobe.

Megacollybia platyphylla (Pers.) Kotl. & Pouzar: (1),
L12, L18, L21, L27, L34, L36, L44, L45, L51, L59, L65,
L66, L82, L84, L104, L108, L125, saprobe.

Family Mycenaceae

Mycena crocata (Schrad.) P. Kumm.: (1), L42, L46,
L53, L55, L59, L64, L66, L71, L87, L99, L118, L123,
L127, L128, saprobe.

Mycena galericulata (Scop.) Gray: (I), L1, saprobe.

H.H. Dogan et al.

Mycena galopus (Pers.) P. Kumm.: (1), L128, saprobe.

Mycena haematopus (Pers.) P. Kumm.: (1), L7, L79,
saprobe.

Mycena laevigata (Lasch) Gillet: (1), L127, saprobe.
Mycena latifolia (Peck) A.H. Sm.: (I), L125, saprobe.
Mycena leptocephala (Pers.) Gillet: (1), L60, saprobe.
Mycena pelianthina (Fr.) Quél.: (P), L128, saprobe.

Mycena pura (Pers.) P. Kumm.: (P), L16, L19, L22,
L31, L42, L50, L59, L66, L67, L70, L72, L76, L82, L86,
L87,L91, L108, L109, L111, L127, saprobe.

Mycena renati Quél.: (I), L60, saprobe.

Mycena rosea Gramberg: (P), L11, L67, L77, L87,
L108, L115, L118, L127, L140, saprobe.

Mycena stipata Maas Geest. & Schwobel: (1), L67,
saprobe.

Panellus mitis (Pers.) Singer: (I), L115, saprobe.
Family Omphalotaceae

Collybiopsis confluens (Pers.) R.H. Petersen: (1), L71,
saprobe.

Gymnopus dryophilus (Bull.) Murrill: (E), L11, L14,
L33, L88, L91, L109, L111, L127, L141, saprobe.

Gymnopus foetidus (Sowerby) P.M. Kirk: (I), L40,
saprobe.

Gymnopus fusipes (Bull.) Gray: (1), L84, saprobe.

Gymnopus oreadoides (Pass.) Antonin & Noordel.:
(1), L84, saprobe.

Mycetinis alliaceus (Jacq.) Earle: (I), L1, L16, L17,
L42, L57, L59, L60, L64, L65, L66, L71, L74, L76, L79,
L87, L91, L92, L97, L108, L109, L113, L114, L115,
L127, L128, saprobe.

Omphalotus olearius (DC.) Singer: (P), L11, L15,
saprobe.

Rhodocollybia butyracea (Bull.) Lennox: (E), L4,
L66, L71, L96, L120, L147, saprobe.

Family Physalacriaceae

Armillaria cepistipes Velen.: (E), L39, parasite,
causes rotten root.

Armillaria gallica Marxm. & Romagn.: (E), L55,
saprobe or weak pathogen.

Armillaria mellea (Vahl) P. Kumm.: (F), L6, L19,
L24, L30, L42, L48, L57, L66, L106, L108, L115, L127,
L140, parasite, causes rotten root.

Armillaria solidipes Peck: (U), L22, L66, L145,
parasite, causes rotten root.

Hymenopellis radicata (Relhan) R.H. Petersen: (E),
L6, L11, L16, L18, L21, L22, L30, L33, L34, L35, L36,
L37, L38, L41, L42, L44, L46, L47, L50, L53, L64, L65,
L66, L67, L70, L71, L72, L74, L78, L82, L84, L85, L91,
L92, L104, L108, L109, L118, L119, L123, L125, L126,
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L127,1128, 1137, L138, L140, L141, L144, 146, L148,
saprobe.

Mucidula mucida (Schrad.) Pat.: (E), L66, L87, L103,
L108, L115, L128, L144, saprobe.

Oudemansiella melanotricha (Dorfelt) M.M. Moser:
(E), L66, L109, L115, saprobe.

Family Pleurotaceae
Pleurotus eryngii (DC.) Quél.var. eryngii: (E), L65,
mycorrhizal.

Pleurotus ostreatus (Jacg.) P. Kumm.: (F), L87, L90,
L147, lignicolous.

Pleurotus pulmonarius (Fr.) Quél: (E), L32,
lignicolous.

Family Pluteaceae

Pluteus cervinus (Schaeff.) P. Kumm.: (E), L36,
saprobe.

Pluteus petasatus (Fr.) Gillet: (1), L27, L31, L36, L50,
L140, L144, saprobe.

Pluteus salicinus (Pers.) P. Kumm.: (1), L46, L82,
L127, L138, L141, saprobe.

Volvariella bombycina (Schaeff.) Singer: (E), L137,
saprobe.

Family Psathyrellaceae

Britzelmayria multipedata (Peck) D. Wacht. & A.
Melzer: (1), L70, saprobe.

Coprinellus micaceus (Bull.) Vilgalys, Hopple &
Jacq. Johnson: (1), L1, L34, L37, L45, L46, L47, L65,
L66, L71, L72, L74, L84, L87, L102, L104, L108, L109,
L112, L125, L128, saprobe.

Coprinellus silvaticus (Peck) Gminder: (1), L127,
saprobe.

Coprinellus xanthothrix (Romagn.) Vilgalys, Hopple
& Jacg. Johnson: (1), L16, L128, saprobe.

Coprinopsis atramentaria (Bull.) Redhead, Vilgalys
& Moncalvo: (E, or P), L59, L109, saprobe.

Coprinopsis cinerea (Schaeff.) Redhead, Vilgalys &
Moncalvo: (1), L73, saprobe.

Coprinopsis insignis (Peck) Redhead, Vilgalys &
Moncalvo: (1), L9, L11, saprobe.

Coprinopsis lagopus (Fr.) Redhead, Vilgalys &
Moncalvo: (1), L13, saprobe.

Coprinopsis picacea (Bull.) Redhead, Vilgalys &

Moncalvo: (1), L6, L22, L24, L31, L55, L98, L108, L140,
saprobe.

Lacrymaria lacrymabunda (Bull.) Pat.: (1), L53, L71,
L103, L109, L134, saprobe.

Panaeolus acuminatus (Schaeff.) Quél.: (I), L16,
saprobe.
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Panaeolus cinctulus (Bolton) Sacc.: (P), : (1), L118,
saprobe.

Psathyrella candolleana (Fr.) Maire: (I), L53,
saprobe.

Psathyrella cotonea (Quél.) Konrad & Maubl.: (I),
L28, saprobe.

Psathyrella murcida (Fr.) Kits van Wav.: (), L67,
saprobe.

Psathyrella phegophila Romagn.: (1), L148, saprobe.

Psathyrella piluliformis (Bull.) P.D. Orton: (1), L31,
saprobe.

Psathyrella tephrophylla (Romagn.) Bon: (I), L13,
saprobe.

Family Schizophyllaceae

Schizophyllum commune Fr.: (M), L34, L60, L69,
L82, L87, L95, L112, L113, L138, lignicolous.

Family Strophariaceae

Agrocybe dura (Bolton) Singer: (E), L91, L104,
saprobe.

Agrocybe paludosa (J.E. Lange) Kiihner & Romagn.
ex Bon: (1), L104, L109, L134, saprobe.

Agrocybe pediades (Fr.) Fayod: (1), L108, saprobe.

Agrocybe praecox (Pers.) Fayod: (E), L1, L21, L59,
L60, L82, saprobe.

Hypholoma capnoides (Fr.) P. Kumm.: (1), L2,
saprobe.

Hypholoma fasciculare (Huds.) P. Kumm.: (P), L1,
L5, L16, L18, L19, L34, L44, L45, L53, L59, L60, L62,
L66, L67,L70, L95, L96, L104, L108, L112, L127, L142,
L144, saprobe.

Hypholoma lateritium (Schaeff.) P. Kumm: (P), L67,
saprobe.

Leratiomyces squamosus (Pers.) Bridge & Spooner:
(I, L53, L66, L87, L118, saprobe.

Pholiota astragalina (Fr.) Singer: (1), L64, saprobe.

Pholiota conissans (Fr.) Kuyper & Tjall.-Beuk.: (1),
L77, saprobe.

Pholiota gummosa (Lasch) Singer: (1), L67, saprobe.
Pholiota lenta (Pers.) Singer: (1), L66, saprobe.

Pholiota mixta (Fr.) Kuyper & Tjall.-Beuk.: (1), L112,
saprobe.

Protostropharia semiglobata (Batsch) Redhead,
Moncalvo & Vilgalys: (E), L109, L118, saprobe.

Stropharia aeruginosa (Curtis) Quél.: (I), L16, L19,
L30, saprobe.

Stropharia caerulea Kreisel: (1), L47, L62, L66, L67,
L82, L104, L108, L115, L144, saprobe.
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Family Tricholomataceae

Aspropaxillus candidus (Bres.) M.M. Moser: (E), L2,
L66, saprobe.

Atractosporocybe inornata (Sowerby) P. Alvarado, G.
Moreno & Vizzini: (1), L66, saprobe.

Clitocybe costata Kiithner & Romagn.: (I), L45, L73,
saprobe.

Clitocybe nebularis (Batsch) P. Kumm.: (F), L47,
L61, L64, L66, L96, L97, L104, saprobe.

Clitocybe odora (Bull.) P. Kumm: (E), L50, L65, L66,
L96, L1009, saprobe.

Clitocybe phaeophthalma (Pers.) Kuyper: (P), L66,
saprobe.

Clitocybe phyllophila (Pers.) P. Kumm.: (P), L118,
saprobe.

Infundibulicybe geotropa (Bull.) Harmaja: (F), L86,
L87, saprobe.

Infundibulicybe gibba (Pers.) Harmaja: (E), L66, L82,
L84, L118, saprobe.

Lepista densifolia (J. Favre) Singer & Clémengon: (E),
L73, saprobe.

Lepista nuda (Bull.) Cooke: (E), L19, L66, L67, L78,
L123, saprobe.

Melanoleuca exscissa (Fr.) Singer: (E), L145,
saprobe.

Paralepista flaccida (Sowerby) Vizzini: (E), L25,
L45, saprobe.

Tricholoma acerbum (Bull) Quél.: (P), L26,
mycorrhizal.

Tricholoma albobrunneum (Pers.) P. Kumm.: (P),
L19, L62, mycorrhizal.

Tricholoma atrosquamosum var. squarrulosum
(Bres.) Mort. Chr. & Noordel.: (E), L108, mycorrhizal.

Tricholoma aurantium (Schaeff.) Ricken: (P), L66,
L96, L119, mycorrhizal.

Tricholoma basirubens (Bon) A. Riva & Bon: (U),
L121, mycorrhizal.

Tricholoma cf. venenatum G.F. Atk.: (U), L77, L96,
mycorrhizal.

Tricholoma cingulatum (Almfelt ex Fr.) Jacobashch:
(U), L122, mycorrhizal.

Tricholoma equestre (L.) P. Kumm.: (E or P), L108,
mycorrhizal.

Tricholoma
mycorrhizal.

Tricholoma fulvum (DC.) Bigeard & H. Guill.: (E or
?), L57, L108, L125, mycorrhizal.

Tricholoma imbricatum (Fr.) P. Kumm.: (1), L65, L66,
mycorrhizal.

focale (Fr.) Ricken: (I), L124,

H.H. Dogan et al.

Tricholoma joachimii Bon & A. Riva: (P), L89,
mycorrhizal.

Tricholoma populinum J.E. Lange: (E), L20, L61,
mycorrhizal.

Tricholoma portentosum (Fr.) Quél.: (E), L39, L62,
L121, L124, mycorrhizal.

Tricholoma
mycorrhizal.

quercetorum  Contu: (U), L40,

Tricholoma roseoacerbum A. Riva: (U), (New record
for Turkey)

Pileus 50-120 mm, convex with an involute, often
ribbed margin, somewhat expanding with age, but
margin remaining deflexed or even involute for a very
long time, smooth or minutely granulate, slightly viscid
in moist weather, almost without radial structure, in the
central part pinkish buff to brick or pale vinaceous,
somewhat marbled, towards margin whitish to salmon,
sometimes with pale yellowish flushes (Fig. 5a). Flesh
firm, white to cream; smell weak; taste farinaceous to
slightly bitterish. Lamellae emarginate, crowded to
very crowded, whitish chrome to cream or straw
yellow, often with brown spots when old or damaged.
Stipe 15-30 x 20-40 (-60) mm, cylindrical to slightly
clavate, often somewhat rooting with attenuated base,
white or whitish, often pinkish to ochre flushed in the
lower part, smooth or slightly punctate floccose. Spores
3-5 x 4.5-7 um, average, predominantly ellipsoid (Fig.
5b). Basidia 5.0-7.5 x 20-30 pm, clavate, with 4-
sterigmata (Fig. 5¢).

Distribution: L66, under A. nordmanniana subsp.
bornmuelleriana, mycorrhizal, L114, L20, under F.
orientalis, mycorrhizal.

Remarks: Tricholoma roseoacerbum is closely
related to T. acerbum, but differs by the faintly viscid,
pinkish buff to the brick cap, and by a less distinctly
ribbed cap margin. Another possibility of confusion is T.
stans, but this species tends to have more well-spaced
gills, darker brick cap colours, and a soon expanding cap
margin.

Tricholoma saponaceum var. saponaceum (Fr.) P.
Kumm.: (U), L71, L108, L127, L4, L144, L1109,
mycorrhizal.

Tricholoma scalpturatum (Fr.) Quél.: (U), L40,
mycorrhizal.

Tricholoma sciodes (Pers.) C. Martin: (U), L114,
L144, mycorrhizal.

Tricholoma sejunctum (Sowerby) Quél.: (U), L71,
L89, mycorrhizal.

Tricholoma stans (Fr.) Sacc.: (U), L96, mycorrhizal.

Tricholoma subannulatum (Peck) Zeller: (1), L117,
L121, L135, mycorrhizal.

Tricholoma sulphureum (Bull.) P. Kumm.: (P), L25,
mycorrhizal.
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Tricholoma terreum (Schaeff.) P. Kumm.: (E), L19,
L6e5, Le66, L67, L86, L97, L115, L117, L121,
mycorrhizal.

Tricholoma triste
mycorrhizal.

Tricholoma ustaloides Romagn.: (P), L89, L125,
mycorrhizal.

(Scop.) Quél.: (E), LA40,

Tricholomopsis rutilans (Schaeff.) Singer: (P), L66,
L71, L86, L103, L125, L127, saprobe.

Family Tubariaceae

Phaeomarasmius erinaceus (Fr.) Scherff. ex

Romagn.: (1), L9, L148, saprobe.
Family Typhulaceae
Typhula fistulosa (Holmsk.) Olariaga: (1), L40,
saprobe.
Order Auriculariales
Family Auriculariaceae
Auricularia auricula-judae (Bull.) Quél.: (E), L63,
saprobe.
Family Exidiaceae
Exidia truncata Fr.: (E), L9, L54, L93, L63, L84,
saprobe.

Pseudohydnum gelatinosum (Scop.) P. Karst.: (1),
L66, L71, L109, saprobe.

Order Boletales
Family Boletaceae
Boletus aereus Bull.: (F), L11, L19, mycorrhizal.

Boletus aestivalis (Paulet) Fr.: (F), L103, L127, L139,
mycorrhizal.

Boletus edulis Bull.: (F), L11, L18, L23, L27, L34,
L35, L36, L37, L48, L66, L96, L102, L125, L127, L134,
L140, L1421, mycorrhizal.

Boletus pinophilus Pilat & Dermek: (F), L11, L65,
mycorrhizal.

Boletus reticulatus Schaeff.: (F), L5, L18, L27, L34,
L37, L108, L127, mycorrhizal.

Butyriboletus fechtneri (Velen.) D. Arora & J.L.
Frank: (E), L27, L35, L109, L127, mycorrhizal.

Butyriboletus pseudoregius (Heinr. Huber) D. Arora
& J.L. Frank: (E), L11, L89, mycorrhizal.

Butyriboletus regius (Krombh.) D. Arora & J.L.
Frank: (E), L27, mycorrhizal.

Butyriboletus subappendiculatus (Dermek, Lazebn. &
J. Veselsky) D. Arora & J.L. Frank: (E), L5, L19, L66,
L67, mycorrhizal.

Caloboletus calopus (Pers.) Vizzini: (1), L57, L66,
L125, mycorrhizal.

Chalciporus piperatus (Bull.) Bataille: (E), L126,
mycorrhizal.
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Cyanoboletus pulverulentus (Opat.) Gelardi, Vizzini
& Simonini: (E), L95, mycorrhizal.

Imperator  rhodopurpureus
Bellanger, Bertéa, Courtec., Koller,

Loizides, G. Marques, J.A. Muiioz, Oppicelli, D.
Puddu, F. Rich. & P.-A. Moreau: (I), L11, mycorrhizal.

Leccinum aurantiacum (Bull.) Gray: (E), L23,
mycorrhizal.

(Smotl.)  Assyov,

Leccinum duriusculum (Schulzer ex Kalchbr.) Singer:
(E), L134, L138, mycorrhizal.

Leccinum pseudoscabrum (Kallenb.) Sutara: (E),
L138, mycorrhizal.

Leccinum quercinum (Pilat) E.E. Green & Watling:
(E), L18, mycorrhizal.

Neoboletus erythropus (Pers.) C. Hahn: (E), L11, L59,
L66, L70, L71, L72, L74, L78, L91, L92, L125, L127,
L141, mycorrhizal.

Neoboletus luridiformis (Rostk.) Gelardi, Simonini &
Vizzini: (E), L125, mycorrhizal.

Neoboletus xanthopus (Klofac & A. Urb.) Klofac &
A. Urb.: (1), L118, mycorrhizal.

Rubroboletus dupainii (Boud.) Kuan Zhao & Zhu L.
Yang: (P), L65, mycorrhizal.

Rubroboletus rhodoxanthus (Krombh.) Kuan Zhao &
Zhu L. Yang: (U), L11, L66, mycorrhizal.

Rubroboletus satanas (Lenz) Kuan Zhao & Zhu L.
Yan: (P), L11, L125, mycorrhizal.

Strobilomyces strobilaceus (Scop.) Berk.: (1), L46,
L127, mycorrhizal.

Suillellus queletii (Schulzer) Vizzini, Simonini &
Gelardi: (E), L11, L70, mycorrhizal.

Suillellus rubrosanguineus (Cheype) Blanco-Dios:
(V), L125, mycorrhizal.

Xerocomellus chrysenteron (Bull.) Sutara: (E), L9,
L11, 119, L22, L34, L36, L64, L65, L66, L67, L68, L70,
L86, L87, L103, L104, L118, L127, L128, L133, L140,
L145, mycorrhizal.

Xerocomus depilatus (Redeuilh) Manfr. Binder &
Besl: (E), L29, mycorrhizal.

Xerocomus porosporus (Imler ex G. Moreno & Bon)
Contu: (U), L66, L75, mycorrhizal.

Xerocomus rubellus (Krombh.) Quél.: (E), LG66,
mycorrhizal.

Xerocomus subtomentosus (L.) Quél.: (E), L12,
mycorrhizal.

Family Diplocystidiaceae

Astraeus hygrometricus (Pers.) Morgan: (1), L39, L42,
L48, L61, L94, L95, L113, saprobe.
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Family Gomphidiaceae

Chroogomphus rutilus (Schaeff.) O.K. Mill.: (E), L19,
L31, L38, L49, L58, L62, L66, L82, L86, L94, L103,
L107, L109, L121, L127, mycorrhizal.

Family Gyroporaceae

Gyroporus castaneus (Bull.) Quél.: (E), L53,
mycorrhizal.

Family Paxillaceae

Paxillus involutus (Batsch) Fr.: (P), L4, L5, L17, L47,
L62, L96, L109, L112, mycorrhizal.

Family Rhizopogonaceae
Rhizopogon abietis A.H. Sm.: (), L96, mycorrhizal.

Rhizopogon luteolus Kromb.: (E), L17, L107, L140,
mycorrhizal.

Rhizopogon roseolus (Corda) Th. Fr.: (E), L19, L94,
L124, mycorrhizal.

Family Sclerodermataceae

Pisolithus arhizus (Scop.) Rauschert: (M), L145,
mycorrhizal.

Scleroderma areolatum Ehrenb.: (1), L95, L144,
mycorrhizal.

Scleroderma cepa Pers.: (1), L24, mycorrhizal.
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Fig. 5. Tricholoma roseoacerbum. a) Macroscopic view, b) basidiospores, ¢) basidia. Scales 15 pm.

Scleroderma polyrhizum (J.F. Gmel.) Pers.: (1), L144,
mycorrhizal.

Scleroderma verrucosum (Bull.) Pers.: (1), L22, L61,
mycorrhizal.

Family Suillaceae

Suillus bovinus (L.) Roussel: (E), L56, L58,
mycorrhizal.

Suillus collinitus (Fr.) Kuntze: (E), L15, L117,
mycorrhizal.

Suillus granulatus (L.) Roussel: (E), L31, L82, L107,
L108, L124, mycorrhizal.

Suillus luteus (L.) Roussel: (E), L17, L19, L24, L66,
L96, L104, L124, L127, mycorrhizal.

Family Tapinellaceae

Tapinella atrotomentosa (Batsch) Sutara: (I), L135,
saprobe.

Tapinella panuoides (Fr.) E.-J. Gilbert: (I), L82,
saprobe.

Order Cantharellales
Family Hydnaceae

Cantharellus cibarius Fr.: (F), L4, L5, L34, L43, L50,
L58, L66, L118, L135, mycorrhizal.



The mycobiota of Samanli Mountains

Clavulina cinerea (Bull.) J. Schrot.: (E), L25, L48,
L66, L71, L103, L108, L126, L147, mycorrhizal.

Clavulina coralloides (L.) J. Schrét.: (E), L73,
mycorrhizal.

Clavulina cristata (Holmsk.) J. Schrét.: (E), L11, L58,
L61, L64, L66, L87, L94, L109, L126, mycorrhizal.

Clavulina rugosa (Bull.) J. Schrot.: (E), L48, L59,
L66, L87, L97, L109, L118, L122, L126, L127,
mycorrhizal.

Craterellus cornucopioides (L.) Pers.: (F), L4, L42,
L47, L48, L50, L59, L66, L71, L89, L104, L108, L1009,
L114, L118, L126, L144, saprobe.

Craterellus lutescens (Fr.) Fr: (E), L57, L66, L127,
mycorrhizal.

Craterellus tubaeformis (Fr.) Quél.: (E), L57,
mycorrhizal.

Hydnum repandum L.: (F), L4, L19, L31, L39, L47,
L50, L53, L57, L59, L66, L81, L89, L97, L103, L108,
L109, L114, L124, L127, L145, mycorrhizal.

Pseudocraterellus undulatus (Pers.) Rauschert: (E),
L48, L50, L58, L71, L108, L126, saprobe.

Order Dacrymycetales
Family Dacrymycetaceae

Calocera viscosa (Pers.) Fr.: (1), L66, L71, L87, L123,
L127, saprobe, causes a white-rot.

Ditiola radicata (Alb. & Schwein.) Fr.: (1), L19, L34,
L66, L133, saprobe.

Order Geastrales
Family Geastraceae

Geastrum berkeleyi Massee: (1), L115, saprobe.
Geastrum coronatum Pers.: (1), L24, saprobe.
Geastrum fimbriatum Fr.: (1), L58, saprobe.
Geastrum minimum Schwein.: (1), L109, saprobe.

Geastrum triplex Jungh.: (1), L53, under F. orientalis,
saprobe. L87, saprobe.

Order Gomphales
Family Clavariadelphaceae

Clavariadelphus pistillaris (L.) Donk: (E), L40, L55,
L118, saprobe.

Clavariadelphus truncatus (Quél.) Donk: (E), L14,
L53, L70, L71, L1009, saprobe.

Family Gomphaceae

Ramaria aurea (Schaeff.)) Quél.: (E), L72, L104,
L109, L136, mycorrhizal.

Ramaria flava (Schaeft.) Quél.: (E), L66, mycorrhizal.

Ramaria flavescens Schaeff. ex R.H. Petersen: (E),
L31, L66, L70, L127, mycorrhizal.

Ramaria flavobrunnescens (G.F. Atk.) Corner: (E),
L34, L109, mycorrhizal.
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Ramaria formosa (Pers.) Quél.: (P), L71, |,
mycorrhizal.

Ramaria lutea Schild: (E), L34, L46, L50, L53, L66,
L71, L109, mycorrhizal.

Ramaria pallida (Schaeff.) Ricken: (P), L19, L66,
L71, L109, mycorrhizal.

Ramaria rubella (Schaeff.) R.H. Petersen: (U), L63,
mycorrhizal.

Ramaria stricta (Pers.) Quél.: (E), L46, L140,
mycorrhizal.

Family Lentariaceae
Lentaria afflata (Lagger) Corner: (1), L104, saprobe.

Order Hymenochaetales
Family Hymenochaetaceae

Coltricia (L) Murrill: (1), L1112,
mycorrhizal.

Hymenochaete rubiginosa (Dicks.) Lév.: (I), L112,
saprobe.

Inonotus nodulosus (Fr.) P. Karst.: (), L47, saprobe,
causes a soft white-rot.

Inonotus radiatus (Sowerby) P. Karst.: (1), L28,
saprobe.

Phellinus hartigii (Allesch. & Schnabl) Pat.: (1), L1069,
L115, parasite.

Phellinus lundellii Niemela: (T), L131, L141, parasite.

Family Tubulicrinaceae

Hyphodontia quercina (Pers.) J. Erikss.: (1), L69, L93,
saprobe.

perennis

Order Hysterangiales
Family Phallogastraceae

Phallogaster saccatus Morgan: (1), L75, saprobe.

Order Phallales
Family Phallaceae

Clathrus ruber P. Micheli ex Pers.: (1), L143, saprobe.

Mutinus caninus (Huds.) Fr.: (1), L45, L139, L140,
L142, L146, saprobe.

Phallus impudicus L.: (E), L4, L5, L12, L18, L19,
L21, L27, L33, L34, L35, L36, L37, L41, L42, L45, L57,
L66, L71, L77, L109, L113, L114, L125, L127, L133,
L137, L138, L140, L141, L146, saprobe.

Order Polyporales
Family Fomitopsidaceae

Antrodia ramentacea (Berk. & Broome) Donk: (I),
L129, saprobe.

Daedalea quercina (L.) Pers.: (1), L67, L129, L131,
lignicolous.

Fomitopsis pinicola (Sw.) P. Karst.: (M), L1, L5, L67,
L70, L71, L74, L75, L97, L104, L108, parasite, causes
brown rot.



234

Neolentiporus squamosellus (Bernicchia & Ryvarden)
Bernicchia & Ryvarden: (1), L128, saprobe or weakly
parasite, causes a brown rot.

Family Grifolaceae

Grifola frondosa (Dicks.) Gray: (E), L13, saprobe or
also weakly parasite, causes a white-rot and butt rot of
trees.

Family Irpicaceae

Ceriporia reticulata (Hoffm.) Domanski: (I), L18,
L34, L35, saprobe.

Family Meripilaceae

Meripilus giganteus (Pers.) P. Karst.: (E), L45,
saprobe.

Family Meruliaceae
Abortiporus biennis (Bull.) Singer: (1), L10, saprobe.

Bjerkandera adusta (Willd.) P. Karst.: (1), L18, L19,
L61, L63, L79, L85, L109, L112, L127, saprobe, causes a
white-rot.

Family Phanerochaetaceae

Junghuhnia nitida (Pers.) Ryvarden: (1), L63, L69,
saprobe.

Phanerochaete caucasica (Parmasto) Burds: (1), L79,
saprobe.

Terana coerulea (Lam.) Kuntze: (1), L61, saprobe.
Family Polyporaceae

Cerrena unicolor (Bull.) Murrill: (1), L148, parasite,
causes canker rot.

Cyanosporus subcaesius (A. David) B.K. Cui, L.L.
Shen & Y.C. Dai: (I), L14, lignicolous, causes a brown
rot.

Daedaleopsis confragosa (Bolton) J. Schrét.: (1), L6,
lignicolous, causes a white-rot.

Faerberia carbonaria (Alb. & Schwein.) Pouzar: (E),
L4, L112, saprobe.

Fomes fomentarius (L.) Fr.: (M), L1, L18, L34, L35,
L53, L60, L63, L66, L67, L84, L87, L98, L99, L113,
L130, L138, saprobe or parasite, causes a white-rot.

Ganoderma australe (Fr.) Pat.: (1), L115, saprobe or
parasite, causes a white-rot.

Ganoderma carnosum Pat.: (1), L14, L53, saprobe or
parasite, causes a white-rot.

Ganoderma lucidum (Curtis) P. Karst.: (M), L9, L24,
L43, L58, L71, L148, saprobe or parasite, causes a white-
rot.

Ganoderma resinaceum Boud.: (1), L108, saprobe or
parasite, causes a white-rot.

Lenzites betulinus (L.) Fr.: (1), L64, L112, saprobe.

Neofavolus alveolaris (DC.) Sotome & T. Hatt.: (M),
L36, L148, L51, saprobe.
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Picipes badius (Pers.) Zmitr. & Kovalenko: (E), L1,
L16, L18, L21, L34, L37, L45, L59, L66, L68, L76,.
L128, L138, L140, saprobe.

Picipes melanopus (Pers.) Zmitr. & Kovalenko: (1),
L12, L27, L60, L67, L108, L139, lignicolous.

Polyporus arcularius (Batsch) Fr.: (E), L4, L11, L47,
L57, 184,102, L129, L133, L138, L141, L148, saprobe.

Polyporus brumalis (Pers.) Fr.: (E), L12, L70, L87,
L96, L118, L123, saprobe.

Polyporus ciliatus Fr.: (E), L9, L18, L38, L65, L84,
L108, L115, L146, saprobe.

Polyporus meridionalis (A. David) H. Jahn: (E), L36,
saprobe.

Polyporus squamosus (Huds.) Fr.: (E), L110,
lignicolous.

Polyporus tuberaster (Jacq. ex Pers.) Fr.: (M), L1,
L37, saprobe.

Polyporus varius (Pers.) Fr.: (E), L5, L18, L21, L34,
L37,L59, L66, L79, L96, L102, L104, L127, L133, L146,
saprobe.

Pycnoporus cinnabarinus (Jacg.) P. Karst.: (M), L57,
lignicolous.

Trametes gibbosa (Pers.) Fr.: (1), L1, L27, L34, L35,
L60, L71, L85, L112, L114, L123, L127, lignicolous.

Trametes hirsuta (Wulfen) Lloyd: (1), L1, L12, L16,
L17, L34, L42, L53, L59, L60, L61, L69, L82, L84, L87,
L92, L93, L94, L99, L108, L129, L133, L137,
lignicolous.

Trametes ochracea (Pers.) Gilb. & Ryvarden: (1), L12,
L16, L21, L67, L87, L108, L138, lignicolous.

Trametes pubescens (Schumach.) Pilat: (I), L6, L108,
lignicolous.

Trametes suaveolens (L.) Fr.: (1), L26, lignicolous.

Trametes versicolor (L.) Lloyd: (M), L14, L35, L36,
L45, L47, L55, L59, L64, L82, L84, L85, L88, L94, L95,
L96, L108, L112, L114, L118, L119, L126, L128, L137,
L133, L1441, lignicolous.

Trichaptum abietinum (Pers. ex J.F. Gmel.) Ryvarden:
(1), L1, L12, L18, L57, L66, L77, L87, L88, L104, L109,
saprobe.

Family Sparassidaceae

Sparassis crispa (Wulfen) Fr.: (F), L103, parasite or
saprobe on the roots of coniferous trees.

Order Russulales
Family Albatrellaceae

Albatrellus cristatus (Schaeff.) Kotl. & Pouzar: (1),
L16, L48, L55, L66, L71, L94, L118, L122, mycorrhizal.

Albatrellus pes-caprae (Pers.) Pouzar: (1), L59, L125,
mycorrhizal.
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Family Amylostereaceae

Amylostereum areolatum (Chaillet ex Fr.) Boidin: (1),
L65, lignicolous, causes a white-rot.

Amylostereum laevigatum (Fr.) Boidin: (1), L96,
lignicolous, causes a white-rot.

Family Auriscalpiaceae

Auriscalpium vulgare Gray: (1), L19, L49, L66, L82,
L94, L96, L108, L120, L124, saprobe, on the cones of
conifers.

Lentinellus cochleatus (Pers.) P. Karst.: (I), L87,
saprobe.

Lentinellus micheneri (Berk. & M.A. Curtis) Pegler:
(), L4, L34, L45, L111, saprobe.

Lentinellus ursinus (Fr.) Kiihner: (I), L146, saprobe.
Family Hericiaceae

Hericium cirrhatum (Pers.) Nikol.: (E), L18, L21,
L27, saprobe or/ and parasite.

Hericium coralloides (Scop.) Pers.: (E), L118,
saprobe or/ and parasite.

Family Peniophoraceae
Peniophora cinerea (Pers.) Cooke: (1), L84, saprobe.
Family Russulaceae
Britzelm.: (1), L125,

Lactarius  acerrimus

mycorrhizal.
Lactarius acris (Bolton) Gray: (1), L5, mycorrhizal.

Lactarius blennius (Fr.) Fr.: (I, or P), L118, L139,
mycorrhizal.

Lactarius chrysorrheus Fr.: (P), L10, mycorrhizal.

Lactarius deliciosus (L.) Gray: (F), L19, L31, L37,
L58, L62, L86, L118, L119, L121, L126, mycorrhizal.

Lactarius evosmus Kiihner & Romagn.: (I), L10,
L118, mycorrhizal.

Lactarius ilicis Sarnari: (U), L12, mycorrhizal.
Lactarius illyricus Piltaver: (U), L104, mycorrhizal.

Lactarius lacunarum Romagn. ex Hora: (U), L4, L48,
mycorrhizal.

Lactarius mediterraneensis Llistosella & Bellu: (U),
(New record for Turkey)

Pileus 50-100 mm, fleshy, plano-convex at first, soon
depressed in the centre, funnel-shaped at the end, gibbous,
lobed, margin thin, at first convoluted, then curved.
Cuticle thin, elastic, viscous, from dry to shiny,
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concentrically scrobiculate-guttulata, creamy colour,
yellow-fleshed, cream-yellowish, yellow-ocher, with
mostly marginal, irregular and scrobicles concentric,
darker, ocher-pink or brown-fleshed (Fig. 6a). Flesh
medium, thick and firm, then soft, whitish, yellowish and
then cream-pink. Faint fruity odour, acrid and bitter taste.
Lamellae little spaced gills, from adnate to sub-decurrent,
thin, not very elastic, with lamellule, arcuate, sometimes
forked and venous-jointed to the stem, cream, cream-
yellowish, cream-pale ocher, brown-ocher in the injuries.
Regular, whole and concolour cutting edge. Milk (Latex)
little abundant, fluid, white, yellowish either isolated that
on flesh and lamellae. Acre and bitter. Macrochemical
reaction: flesh + KOH = yellow-orange. Stem 15-30 x 20-
40 mm, short and stocky, attenuated cylindrical at the base
or truncated cone, even compressed, smooth at the apex,
a little guttulated downwards; full, then pithy, fragile and
finally hollow, dry, opaque and pruinose, whitish, then
cream-whitish, stained with ocher in old age, not
scrobiculated. Spores 9-12 x 8-10 um, subglobose, medium
size, crested-reticulated, with ridges not very thick, joined
by not very thin connections that form mostly complete
lattices (Fig. 6f). Basidia 7-10 x 45-55 um, clavate, with 4-
sterigmata (Fig. 6b). Macrocheilocystidia 5-7 x 30-50 um,
numerous, almost fusiform, attenuated or moniliform at the
top. Macropleurocystidia similar to macrocheilocystidia
(Fig. 6¢).

Distribution: L29, under Quercus sp., mycorrhizal.

Remarks: Similar to L. acerrimus or L. zonarius. It is
distinguished by the cap with irregular marginal

scrobicles and by the latex which turns yellow both
isolated and on flesh and gills.

Lactarius piperatus (L.) Pers.. (E), L9, L148,
mycorrhizal.

Lactarius salmonicolor R. Heim & Leclair: (F), L19,
L31, L67, L86, L87, L94, L96, L109, L124, L125, L127,
mycorrhizal.

Lactarius semisanguifluus R. Heim & Leclair: (E),
L115, L118, mycorrhizal.

Lactarius turpis (Weinm.) Fr.: (1), L94, mycorrhizal.

Lactarius volemus (Fr.) Fr.. (E), L64, L122,
mycorrhizal.

Lactarius zonarius (Bull.) Fr.. (P), L4, L108,
mycorrhizal.

Lactifluus bertillonii (Neuhoff ex Z. Schaef.)
Verbeken: (1), L71, L146, L148, mycorrhizal.

Lactifluus glaucescens (Crossl.) Verbeken: (P), (New
record for Turkey)
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Fig. 6. Lactarius mediterraneensis. a) Macroscopic view, b) basidiospores, c) basidia, d) macropleurocystidia. Scales 15 pm.

Pileus 40-120 mm, fleshy, flat-convex, soon flat, flat-
depressed in the centre, at the end also funnel-shaped,
sometimes wavy-lobed, thick margin, long convoluted,
then extended, whole, smooth, lobed. The cuticle is thin,
adnate, dry, opaque, velvety, often with cracks (in which
the greenish colour change of the flesh is evident).
Uneven colour hazelnut cream, cream-ocher when ripe,
but always lighter at the edge, from white to cream-
whitish (Fig. 7a). Flesh thick and firm, compact, then
spongy, white, yellowish-cream in the stem, it becomes
green, grey-green and finally dark green in the air. Fruity
smell, acrid taste. Lamellae thick, thin and low gills, from
adnate to sub-decurrent, finally decurrent, arcuate, forked
at the stem, with lamellulae, of a cream-whitish colour,
then creamy flesh, grey-greenish in the lesions or when
rubbed. Whole cutting edge, concolor. Milk (Latex) not
abundant, creamy, white at first, then greenish on the flesh
and gills, immutable if isolated. Acre. Macrochemical
reactions: pileus, stem and latex flesh + KOH = yellow-
orange. Stipe 10-25 x 30-60 mm, robust but not very
slender, short, often eccentric or lateral, irregularly
cylindrical, sometimes enlarged at the base or
compressed, solid and firm, then spongy, dry, opaque,
pruinose-velvety, wrinkled, with ocher and finally brown
rust in old age or if injured. Spores 5.5-6 x 7-9 um,
elliptic, crested, with thin and dense crests, poorly
connected, which do not form complete reticles (Fig. 7b).
Basidia 7-8.5 x 35-45 um, clavate, with 4-sterigmata (Fig.
7c). Macrocheilocystidia 5-7 x 40-60 um, numerous and
subcylindrical, obtuse at the apex. Macropleurocystidia
alike to macro cheilocystidia, numerous, but larger, 7-10
x 60-90 um (Fig. 7d).

Distribution: L9, L143, under
mycorrhizal.

Quercus  sp.,

Remarks: Lactifluus glaucescens is closely similar to
L. piperatus, which occurs in similar habitats. L. piperatus
has the white latex, however, does not turn greenish in the
air and does not react with KOH.

Russula acrifolia Romagn.: (1), L4, mycorrhizal.

Russula albonigra (Krombh.) Fr.. (U), L4,
mycorrhizal.

Russula alutacea (Pers.) Fr.: (U), L29, mycorrhizal.
Russula amethystina Quél.: (E), L37, mycorrhizal.
Russula amoena Quél.: (E), L96, mycorrhizal.

Russula atropurpurea (Krombh.) Britzelm.: (E), L2,
mycorrhizal.

Russula aurea Pers.: (E), L18, L118, mycorrhizal.
Russula aurora Krombh.: (U), L94, mycorrhizal.

Russula brunneoviolacea Crawshay: (E), L73,
mycorrhizal.

Russula
mycorrhizal.

Russula chloroides (Krombh.) Bres.: (E), L11,
mycorrhizal.

cavipes Britzelm.: (U), L14, L81,

Russula clariana R. Heim ex Kuyper & Vuure: (U),
L35, L37, L68, L141, mycorrhizal.

Russula cremeoavellanea Singer: (U), L119,

mycorrhizal.
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Russula cyanoxantha (Schaeff.) Fr.: (E), L3, L138,
mycorrhizal.

Russula delica Fr.: (E), L51, L108, L119, mycorrhizal.

Russula faginea Romagn.: (U), L107, L138,
mycorrhizal.

Russula foetens Pers.: (U), L19, mycorrhizal.

Russula fragilis Fr.: (U), L27, L101, mycorrhizal.
Russula gigasperma Romagn.: (U), L19, mycorrhizal.
Russula graveolens Romell: (U), L141, mycorrhizal.
Russula grisea Fr.: (E), L127, L140, mycorrhizal.
Russula insignis Quél.: (U), L12, mycorrhizal.
Russula ionochlora Romagn.: (E), L18, mycorrhizal.

Russula lilacea Quél.: (E, M), (New record for
Turkey)

Pileus 30-50 mm across, convex at first, soon flat with
a slight central depression, sometimes asymmetrical,
obtuse, lobed, the whole then briefly grooved margin, not
very fleshy and fragile. Separable cuticle up to and
beyond the middle of the radius, dry, pruinose-velvety
“opaque” of very variable colour; pink-lilac, reddish-
purple, red-vinous, red-carmine, sometimes with brown
ocher, cream or pink spots in the centre (Fig. 8a).
Lamellae slightly dense, later spaced, free-rounded at the
stem, forked to the same, anastomosed with some
lamellula, thin, white, dark in old age. Flesh thick but
fragile, white, with a slight tendency to grey, odourless
and with a sweet taste. Macrochemical reactions flesh +
Fe = brown-red rust, flesh + F = brown-red, flesh + SV =
carmine red then reddish-brown if dried. Stipe 6-12 x 25-
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50 mm, initially stiff, soon fragile, cylindrical, sometimes
equal at the apex or slightly enlarged towards the base,
filled inside, but soon spongy or almost hollow, dry,
pruinose then finely wrinkled, white, often tinged with
pink or light purple-lilac. Spores 5.5-7 x 6.5-8.5 um,
subglobose-ovoid, warty-echinulate, with both high and
sharp and low and obtuse warts, isolated or very rarely
joined by some thin tract, amyloid (Fig. 8b). Basidia 10-
12 x 40-50 pum, with 4-sterigmata (Fig. 8c). Cheilocystidia
8-10 x 60 pm, not very numerous, cylindrical-fusiform,
pointed at the top. Pleurocystidia similar to Cheilocystidia
(Fig. 8d).

Distribution: L112, under C. orientalis, mycorrhizal.

Remarks: Russula brunneoviolacea can occur in the
same habitat, and it often has very similar pileal colors
and a mild taste. However, it has septate pileocystidia and
lacks primordial hyphae. R. nitida can also be confused
with R. lilacea. It likewise has a red-flushed stipe and mild
flesh, but it grows with Betula and has an ocher spore
deposit. R. turci also has a pileus with colours very similar
to R. lilacea. However, it is associated with conifers such
as Picea and Abies and has an ocher-yellow spore deposit.

Russula mairei Singer: (P), L51, mycorrhizal.

Russula nigricans Fr.: (E), L4, L5, L11, L34, L66,
mycorrhizal.

Russula odorata Romagn.: (U), L96, mycorrhizal.
Russula olivascens (Fr.) Fr.: (U), L37, mycorrhizal.
Russula pectinatoides Peck: (U), L19, mycorrhizal.
Russula queletii Fr.: (U), L19, mycorrhizal.

U ., -
S Tl

Fig. 7. Lactifluus glaucescens. a) Macroscopic view, b) basidiospores, c) basidia, d) pleurocystidia. Scales 15 pm.

Trakya Univ J Nat Sci, 22(2): 215-243, 2021



238

>,

Fig. 8. Russula lilacea. a) Macroscopic view, b) basidiospores, ¢) basidia, d) pleurocystidia. Scales 15 pm.

Russula risigallina (Batsch) Sacc.: (U), L21,
mycorrhizal.

Russula rubra (Lam.) Fr.: (E), (New record for
Turkey).

Pileus 40-100 mm, firm, hemispherical, then convex,
finally flat and slightly depressed in the centre, obtuse and
regular margin, whole or slightly grooved only when ripe.
Cuticle adnate, separable only at the edge, dry, finely
pruinose-velvety, of a beautiful dark pink or pink-red
colour, red-vermilion or carmine in the centre (Fig. 9a).
Lamellae dense then more spaced, subdecurrent then
adnexed and free, forked at the stem and anastomosed on
the bottom, wide and thick, cream-whitish then light
ocher, with whole and concolored cutting edge. Flesh firm
and hard, then more tender and soft especially in the stem,
white, with a tendency to grey-yellowish, red under the
cuticle, with a fruity-honeyed odour and acrid taste also in
the gills. Macrochemical reactions flesh + Fe = yellowish,
flesh + G = deep blue-blue, care + F = brownish. Stipe 15-
30 x 40-70 mm, firm and robust, cylindrical-clavate or
dilated below, attenuated at the base, dry, pruinose then
strongly wrinkled especially in old age, full then pithy,
white, grey-yellowish at extreme maturity. Spores, 6-8 x
7-9 um ovoid, warty-subcrested, with obtuse and
hemispherical warts, cone, connected by thin short and
irregular or incomplete ridges, amyloid (Fig. 9b). Basidia
9-11 x 30-42 pm, clavate to ventricose, with (1, 2) 4
sterigmata (Fig. 9¢). Cheilocystidia 8-12 x 60-100 um,
spindle-shaped and slightly bellied, measuring variously
appendicular to apex (Fig. 9d). Pleurocystidia are similar
to C species of the genus Cotylidia heilocystidia (Fig. 9¢).

Distribution: L132, under P. nigra, mycorrhizal.

Remarks: Russula rosea is very similar to R. rubra. It
occurs in comparable habitats, likewise has a finely pruinose
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pileus, and has hard flesh. However, its flesh is mild, and it
has a paler spore deposit, a generally red-flushed stipe, and
reticulate spores. The two similar, mild species, R. faginea
and R. pseudointegra also grow in hardwood forests. Russula
faginea has a striking herring-like odour and taste, while R.
pseudointegra has a dark ocher-yellow spore deposit and
encrusted primordial hyphae.

Russula sardonia Fr.: (U), L86, mycorrhizal.

Russula sericatula Romagn.: (U), L44, mycorrhizal.

Russula silvestris (Singer) Reumaux: (U), L29,
mycorrhizal.

Russula torulosa Bres.: (U), L62, mycorrhizal.
Russula velutipes Velen.: (U), L35, mycorrhizal.
Russula violacea Quél.: (U), L141, mycorrhizal.
Russula violeipes Quél.: (E), L12, L27, mycorrhizal.

Russula virescens (Schaeff.) Fr.: (E), L3, L4, L5, L18,
L21, L27, L33, L34, L35, L37, L45, L65, L66, L140,
L146, mycorrhizal.

Family Stereaceae

Aleurodiscus aurantius (Pers.) J. Schrét.: (I), L131,
saprobe.

Stereum gausapatum (Fr.) Fr.: (1), L25, lignicolous,
causes a white-rot of the heartwood.

Stereum hirsutum (Willd.) Pers.: (1), L4, L12, L14,
L57,L62,L63, 66,69, 180,182,184, 185,193,108,
L112,1.113, L127, L133, L136, L137, L139, lignicolous,
causes a white-rot of the heartwood.

Stereum insignitum Quél.: (I), L13, causes a white-rot
of the heartwood.

Stereum ochraceoflavum (Schwein.) Sacc.: (1), L84,
L85, L93, L108, L131, L148, causes a white-rot of the
heartwood.
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Fig. 10. Stereopsis reidii. a) Macroscopic view, b) basidiospores, c) basidia. Scales 15 pm.
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Stereum sanguinolentum (Alb. & Schwein.) Fr.; (1),
L56, L126, causes a white-rot of the heartwood.

Stereum subtomentosum Pouzar: (1), L69, L93, L104,
causes a white-rot of the heartwood.

Order Stereopsidales
Family Stereopsidaceae

Stereopsis reidii Losi & A. Gennari: (1), (New Family
and Genus record for Turkey)

Basidioma stipitate, stereoid, infundibuliform to
spathulate, upper sterile surface whitish to minutely
fibrillose, hymenophore smooth to rugose, whitish, margin
undulate, finely fimbriate to laciniate (Fig. 10a). Stipe up to
1 cm long and 1-2 mm in diam, whitish. Basidiospores 3-
3.5 X 4-6 pm, ellipsoid to ovoid, with a curved and
pronounced apiculus, smooth, thin-walled, hyaline (Fig.
10b). Basidia 4-5 x 25-40 pum, narrowly clavate, with 4-
sterigmata, and simple septate at the base (Fig. 10c).
Hyphal system 2-6 pm wide, monomitic, hyphae with
simple-septa, thin-walled, hyaline. Cystidia not seen.

Distribution: L80, on wood debris of A. nordmanniana
subsp. bornmuelleriana, saprobe.

Remarks: Stereopsidaceae family was first described
in 2014 to contain the genera Stereopsis by Sjokvist et al.
(2014). This genus was  classifiedin  the
order Polyporales, and Clavulicium genus or in the order
Cantharellales until its taxonomical rank has been
changed. After detailed Molecular
phylogenetics analysis, it has been shown that this genus
belongs to in different order. This order might belong in
the subclass Phallomycetidae. The Stereopsidales contain
corticoid fungi (Clavulicium and Stereopsis) and stalked,
funnel-shaped fungi (Stereopsis). The main characteristic
of the species is the shape of basidiocarp, at first narrowly
ligulate, spathulate to flabelliform, then becoming
confluent and forming complicated fructifications,
frequently deeply divided into narrow clavarioid or broad
lobes. The stipe is short and rudimental. Macroscopically
it can be confused with white species of the genus
Cotylidia P. Karst, but these have hymenial cystids. A
species very similar to the one described is
Cyphellostereum pusiolum D.A. Reid, that it has fibulae
at the base of the terminal hyphae of the pileic lining and
larger spores and polymorphic.

Order Thelephorales
Family Bankeraceae

Hydnellum caeruleum (Hornem.) P. Karst.: (I), L71,
L109, mycorrhizal.

Hydnellum concrescens (Pers.) Banker: (I), L2,
mycorrhizal.

Hydnellum glaucopus (Maas Geest. & Nannf.) E.
Larss., K.H. Larss. & Koljalg: (I), L11, mycorrhizal.

Hydnellum scrobiculatum (Fr.) P. Karst.: (1), L71,
mycorrhizal.
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Hydnellum suaveolens (Scop.) P. Karst.: (1), L120,
mycorrhizal.

Phellodon confluens (Pers.) Pouzar: (I), L96,
mycorrhizal.

Phellodon niger (Fr.) P. Karst.: (1), L121, L127, L50,
mycorrhizal.

Sarcodon imbricatus (L.) P. Karst.: (E), L19,
mycorrhizal.

Order Tremellales
Family Tremellaceae

Phaeotremella foliacea (Pers.) Wedin, J.C. Zamora &
Millanes: (1), L34, saprobe.

Tremella mesenterica Retz.: (E), L5, L9, L11, L12,
L22, L14, L34, L41, L45, L143, saprobe.

Discussion

510 macrofungal taxa belonging to 197 genera within
84 families were identified in the research area. Of these,
37 genera and 57 taxa belong to Ascomycota, while 160
genera and 453 taxa belong to Basidiomycota. Nine taxa
from Basidiomycota were added to the Turkish
Mycobiota as new records. These taxa are Amanita
subnudipes, Hebeloma quercetorum, Hygrocybe
obrussea, Lactarius mediterraneensis, Lactifluus
glaucescens, Russula lilacea, Russula rubra, Stereopsis
reidii and Tricholoma roseoacerbum. As mentioned
before, there are different kinds of forest ecosystems in
the study area which form mixed or pure forests. These
areas are both optimal habitats for macrofungi and
provide them with a variety of substrates for their growth.
Among these habitats, F. orientalis and A. nordmanniana
subsp. bornmuelleriana forests are very suitable for the
growth of macrofungi. The distribution of habitat choices
of the macrofungal taxa is as follows: A. nordmanniana
subsp. bornmuelleriana 300 species, F. orientalis 295
species, Quercus spp. 125 species, P. nigra 88 species, C.
sativa 56 species, P. sylvestris 53 species, C. orientalis 49
species and P. maritima 24 species. Tree species mostly
form mixed forests in Samanli Mountains. Therefore,
dominant species in the mixed forest were taken into
account to prepare the distribution of habitat choices.
Species with high distribution in A. nordmanniana subsp.
bornmuelleriana forests are H. radicata (32 different
localities (DL), M. alliaceus (29 DL), L. perlatum (27
DL), A. muscaria (24 DL), M. pura (22 DL), C. micaceus
(16 DL), and H. fasciculare (14 DL). Species with high
distribution in F. orientalis forests are A. rubescens (68
DL), H. radicata (62 DL), P. impudicus (43 DL), A.
gemmata (27 DL), T. versicolor (22 DL), A. vaginata (21
DL), B. edulis (21 DL), M. procera (20 DL), D.
disciformis (19DL), M. platyphila (19 DL), P. varius (17
DL), A. phalloides (15 DL) and F. fomentarius (14 DL).
Macrofungal diversity which was observed in
administrative city borders is as follows: 339 taxa in
Sakarya, 265 taxa in Bursa, 227 taxa in Kocaeli and 109
taxa in Yalova. Within these cities, the most and least
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diverse districts were observed as Akyazi (Sakarya) with
217 taxa and Karapiirgek (Sakarya) 24 taxa, respectively.

The forests of Akyazi region consist of pure or mixed
beech, hornbeam, oak, pine and fir. These forest areas are
also in a very healthy condition, providing more suitable
place for the growth of macrofungi species. On the other
hand, the forests in the Karapiir¢ek region are not healthy
and there are many destroyed areas. We can easily see
from the available data that mushrooms develop better in
parallel with the healthy forest structure.

The numbers of lignicolous and parasitic species are
20 (3.7%) and 18 (2.9%) on different trees, respectively,
such as D. quercina on Quercus spp.; S. commune, P.
squamosus, and S. hirsutum on the stump of A.
nordmanniana subsp. bornmuelleriana; P. melanopus, T.
gibbosa and T. ochracea on F. orientalis; C. subcaesius,
T. hirsuta, T. versicolor on C. orientalis; A. cepistipes and
A. mellea on roots of F. orientalis; and F. fomentarius on
the stump of A. nordmanniana subsp. bornmuelleriana, F.
orientalis, Quercus sp. and C. orientalis; F. pinicola on
trunk of P. nigra, P. sylvestris and F. orientalis.
Moreover, 245 (48%) species are saprobe, 226 (45%) are
mycorrhizal, and 1 species is entomopathogenic
(Ophiocordyceps gracilis). Overall graphic about
ecological statuses of the species is given in Fig. 11.

According to the reviewed literature data (Boa 2004,
Hall et al. 2016) 204 (40%) of the 510 taxa are inedible, 7
(1.37%) are edible or suspicious, 12 (12.36%) are used for
medical purposes, 153 (30%) are edible, 65 (12.75%) are
poisonous, 19 (3.73%) are used as food, 48 (9.4%100) are
with unknown status and 2 (0.4%) are edible or
poisonous. Among the edible and used as food taxa, 16
are collected and consumed in the region by Vill.rs.
Members of the genus Morchella are known as “Kuzu
gbbegi”, M. procera as “Dedeborii, semsiye mantar1”, P.
ostreatus as “Kavak mantari, geyik mantar1”, L. deliciosus
and L. salmonicolor as “Kanlica”, A. caesarea as
“Gelincik mantari, yumurta mantari, sart paga”, A.
campestris as “Cayir mantari, i¢i kiz1l”, C. comatus as
“Sobelen”, B. edulis as “Ay1 Mantari, siinger mantar1”,

Ecological Status

®m Lignicolous = Parasitic = Saprobe = Mycorrhizal

Fig. 11. Ecological status of the species.

Trakya Univ J Nat Sci, 22(2): 215-243, 2021

241

Table 2. Similarity percentages of Samanli Mountains with
neighbouring studies in terms of macrofungal species.

Number of Total Similarity
Study identical taxa percentage
taxa (%)
Kocaeli (Akata et al. 2018) 91 131 17.84
Bursa Giicin et al. 1995) 56 84 10.98
Iznik (All et al. 2016) 58 91 11.37
Yalova (All et al. 2017) 42 78 8.23
Samanli Mountains 510

A. mellea as “Bal mantar1”, |. geotropa as “Malkadin”, C.
nebularis as “Cincile”, H. repandum as “Geyik dili”, S.
crispa as “Kivircik”, C. cibarius as “Kaz ayagi, Sari
kulak”, C. cornucopioides as “Borazan mantari, kara
borazan”. Poisonous species of the area are E.
rhodopolium, E. sinuatum, A. gemmata, A. muscaria, A.
pantherina, A. phalloides, A. solitaria, A. virosa, A.
xanthoderma, P. cinctulus, H. fasciculare, 1. bongardii
var. bongardii, . bongardii var. pisciodora, I. erubescens,
I. fuscidula, 1. lacera, I. leiocephala, | phaeodisca var.
geophylloides, I. posterula, 1. pseudodestricta, 1. queletii,
I. sambucina, I. splendens, I. acuta, I. asterospora, C.
humicola, C. orellanus, L. acris, L. chrysorrheus, R.
mairei, C. calopus, B. satanas, H. aurantiaca, P.
involutus, C. phaeophtalma, C. phyllophila, M.
pelianthina, M. pura, M. rosea, T. sulphureum, H.
lacunosa, and H. crispa.

There exist fungal data on some nearby regions of our
study area with former studies in iznik (Alli et al. 2016),
Yalova (All1 et al. 2017), Bursa (Giicin et al. 1995) and in
Kocaeli (Akata et al. 2018). The comparative distribution
of the species numbers identified in these studies is given
in Table 2. The results of this work showed a few
similarities with the findings of the studies carried out in
neighbouring regions. The number of identical taxa and
similarity percentages of relevant studies are given in
Table 2. According to the table, the number of taxa that
are common in each study was found as twelve, and these
species are A. pantherina, A. mellea, C. cibarius, F.
fomentarius, H. fasciculare, L. betulinus, L. nuda, L.
pyriforme, M. procera, P. ostreatus, S. commune, S.
aeruginosa, T. versicolor, and X. hypoxylon. The
similarity rates of the studies are 17.84% for Kocaeli
(Akata et al. 2018), 10.98% for Bursa region (Giicin et al.
1995), 11.37% for Iznik Region (All et al. 2016), and
8.23% for Yalova region (All et al. 2017).
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Introduction

Abstract: The possible side effects of drugs used in type Il diabetes are increasing the
tendency to herbal resources that have been used for many years. Senecio vernalis Waldst. &
Kit is one of the annual Senecio L. species widely distributed in Turkey and used as a food
and folk medicine. In this study, optimization of extraction conditions on the bioactive
properties (Total phenolic content (TPC) and antioxidant capacity) of the flowers of S.
vernalis and the potential of the plant for a-amylase, a-glucosidase, and lipase inhibitory
activity were investigated. The optimum extraction conditions were determined at 69.72%
water concentration, 59°C for 26.15 min, and the highest experimental values of TPC and 2,
2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) scavenging activity were observed as 28.14
mg gallic acid equivalent (GAE) g* and 3165.99 mg trolox equivalent (TE)/100 g sample,
respectively. Significant inhibition was observed for a-amylase and a-glucosidase which are
the key enzymes in type Il diabetes, at a concentration of 100 mg mL™2, with 21.32% and
64.16% respectively. The S. vernalis extracts showed no detectable inhibition of lipase. The
results showed that S. vernalis, which has high antioxidant capacity also has a significant
anti-diabetic effect. It can be concluded that S. vernalis can be considered a natural resource
in many industries such as food and pharmaceuticals.

Ozet: Tip 11 diyabette kullanilan ilaglarm olasi yan etkileri, uzun yillardir kullanilan bitkisel
kaynaklara olan egilimi arttirmaktadir. Senecio vernalis Waldst. & Kit, Tirkiye'de yaygin
olarak bulunan, gida ve halk ilaci olarak kullanilan tek yillik Senecio L. tiirlerinden biridir.
Bu nedenle, bu galismada, S. vernalis ¢iceklerinin biyoaktif 6zellikleri (Toplam fenolik
madde miktar1 (TPC) ve antioksidan kapasite) ve a-amilaz, a-glukozidaz ve lipaz inhibitor
aktivite potansiyeli {lizerinde optimizasyon ekstraksiyon kosullari arastirildi. Optimum
ekstraksiyon kosullari %69.72 su konsantrasyonunda, 59°C'de 26.15 dakika olarak
belirlenmis ve TPC ve 2, 2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) siiplirme
aktivitesinin en yiiksek deneysel degerleri sirasiyla 28,14 mg gallik asit esdegeri (GAE) g
ve 3165.99 mg troloks esdegeri (TE)/100 g numune olarak belirlenmistir. Tip II diyabette
anahtar enzim olan a-amilaz, a-glukozidaz i¢in 100 mg mL™ konsantrasyonunda sirasiyla
%21.32 ve %64.16 inhibisyon gozlemlendi. Senecio vernaris ekstrakti, saptanabilir bir lipaz
inhibisyonu gostermedi. Sonuglar, yiiksek bir antioksidan kapasiteye sahip olan S. vernalis'in
de 6nemli bir anti-diyabetik etkiye sahip oldugunu gostermistir. Senecio vernalis'in gida ve
ilag gibi bircok endiistride dogal bir kaynak olarak degerlendirilebilecegi sonucuna
varilabilir.

Throughout human history, many diseases have been
tried to be treated using herbal cures. Scientific evidence
supporting the effects of traditionally used herbs due to
their beneficial features has brought these plants into the
center of attention again. The World Health Organization
(WHO) reports that approximately 80% of the world's
population tries to overcome their health problems with
herbal resources as the leading treatment agent
(Anonymous 2000). Besides, active ingredients of plant
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origin constitute approximately 25% of prescription drugs
in developed countries (Mosihuzzaman & Choudhary
2008). Various plant extracts have vast usage potential in
various sectors such as nutraceuticals, pharmaceuticals,
food additives and natural pesticides (Anklam et al.
1998). The health benefits of plants are mostly related to
bioactive compounds, which are their secondary
metabolites (Bernhoft 2010). A large number of studies
were performed on the rich bioactive components
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contained in plants (Azmir et al. 2013, Pereira et al.
2017). Extraction parameters are vital to benefit from the
bioactive components possessed by plants at the highest
level (Sasidharan et al. 2011). It is crucial to optimize
extraction factors such as the solvent type, temperature,
and time for the extraction to be effective (Basyigit et al.
2020). Response surface  methodology (RSM)
successfully combines mathematical and statistical
techniques applied with a minimum trial point in
optimizing extraction factors (Myers et al. 2016).

Diabetes mellitus (DM) is a disease that affects 285
million people worldwide in 2010 and is predicted to
affect more than 400 million people by the year 2030.
Type Il diabetes, which is mainly affected by
environmental factors such as diet and lifestyle, has a very
high effect on the increase in reported cases (Wild et al.
2004). Type 1l diabetes is a metabolic disorder that affects
90% of diabetes patients and causes an uncontrolled
increase in blood sugar (Bhutkar & Bhise 2012).
Although this increase in blood glucose level can be
regulated by therapeutic drugs, the treatment solution of
conscious patients with herbal supplements appears to be
an up-to-date approach considering the possible side
effects of medical drugs (Cariou et al. 2012). During the
last couple of decades, in vitro and in vivo studies on
alpha-amylase and alpha-glucosidase inhibition with
various food, food components and herbal supplements to
reduce glucose absorption have been performed (Matsui
et al. 1996, Lee et al. 2007, Dogan et al. 2021).

Senecio L. is a large and diverse genus in the Asteraceae
family with approximately 1500 described species widely
known all over the world (Christov et al. 2002). The genus
is represented with 39 species in Turkey (Ugur et al. 2006).
These species are generally called as "Canary grass" and
rarely as "Kiillice grass" and "Ekin grass" in Turkey
(Baytop 2007). Senecio species have long been consumed
as food or folk remedies with their antiemetic, anti-
inflammatory, and vasodilator properties (Conforti et al.
2006a). In addition, some species are known with their
antibacterial-antifungal ~ (Kiprono et al.  2000),
antimicrobial-cytotoxic (Loizzo et al. 2006), antioxidant
and anti-diabetic activities (Ayoola et al. 2019).

The present study was performed to determine the
effects of optimized extraction conditions on total phenolic
content and antioxidant capacity of S. vernalis flowers.
Anti-diabetic and anti-lipase activity, which have not been
evaluated in previous studies, were also evaluated.

Materials and Methods

Plant material and treatments

Senecio vernalis was collected from Yozgat Bozok
University Bogazliyan Vocational School campus in
Turkey (N39°20'25.62", E35°26'07.84"). The collected
samples were separated from their flowers and dried at
40°C until they reached constant weight. Before the
extraction, flower samples were ground through a
laboratory steel blender (Waring 8011, USA) for 1 min.
The chemicals used in the analysis were obtained from
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Merck (Darmstadt, Germany) unless otherwise indicated.
a-amylase, a-glucosidase, and lipase were obtained from
Sigma-Aldrich (St. Louis, MO, USA).

Creating the experimental design and extraction

The effects of temperature (40-60°C), time (5-60 min)
and solvent concentration (water to ethanol: 0-100%) as the
extraction conditions (independent variables) on Total
phenolic content (TPC) and 2, 2-diphenyl-1-picryl-
hydrazyl-hydrate (DPPH) were determined by Design
Expert 11.0.0 software (Stat- Ease Inc., Minneapolis, MN)
using a face-centered central composite design (FC-CCD).
The effects of the extraction conditions on the responses
(TPC and DPPH) were expressed by the following
quadratic polynomial regression equation (Eq. 1):

Y =By + B1Xy + B2 Xz + B3X3
+ P11X1” + BraXo? + P33 X3®
+ B12X1X5 + P13X1X3 + Ba3X2X3 (Eq. 1)

where Y is the predicted response (TPC and DPPH), Bo
is the constant, 1, B2, B3 are the linear coefficients, P11, B2,
B3 are the interaction coefficients, P12, P13, B23 are quadratic
coefficients, and Xi (temperature), X, (time) and X
(solvent concentration) are the independent variables. The
whole design was created at 20 experimental points, and the
level of independent variables, experimental values, and
estimated data was given in Table 1.

For extraction, 0.5 g of sample was mixed with 10 ml
of solvent and extracted according to the experimental
point. The extracted samples were centrifuged at 5000
rpm for 5 min and the supernatant was collected and
stored at -18°C.

Total phenolic content (TPC) assay

0.4 mL sample was mixed with diluted 2 mL Folin-
Ciocalteu reagent and 1.6 mL Na.COs (7.5%) in a test
tube. After the mixture was incubated in dark for 60 min,
the absorbance was read in the spectrophotometer
(Shimadzu UV-1700, Kyoto, Japan) at 765 nm. The
absorbance values obtained are expressed in gallic acid
equivalent (GAE) (Singleton et al. 1999).

Antioxidant activity assay

DPPH method was used to determine the antioxidant
capacity of the samples. For this purpose, a 0.1 g sample
was mixed with 3.9 mL of DPPH solution (25 mg/L )
prepared with methanol in a test tube. After 30 min of
incubation in dark, absorbances at 515 nm were recorded
using a Shimadzu UV-1700 spectrophotometer
(Shimadzu UV-1700, Kyoto, Japan) (Brand-Williams et
al. 1995). Results are expressed as trolox equivalent (mg
TE/100 g sample).

In vitro anti-diabetic activity assays

The anti-diabetic activity of the samples was
determined considering the a-amylase and o-glucosidase
inhibitory activity. For the a-amylase inhibition test of the
samples, after keeping 1 mL of an extract with 1 mL of
potato starch and NaHPO4 (20 mM) at 37°C for 5 min, the
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reaction was started by adding 1 mL a-amylase. After 30
min of incubation, 0.5 mL of Rochella Salt (5.31 M) and
0.5 mL of 3,5-dinitrosalicylic acid (96 mM) solution were
added. The mixture was terminated by standing at 100°C
for 15 min. After heat treatment, the absorbance of the
mixture was recorded at 540 nm. For the a-glucosidase
inhibition test, after mixing 50 pL extract and 1250 pL 67
mM KH2PO, with 50 pL a-glucosidase in a test tube, it was
incubated at 37°C for 5 min. Afterward, 125 pL of p-
Nitrophenyl-p-D-glucopyranoside (10 mM) solution was
added, and the reaction was started and terminated by
adding 2 mL of Na2COs3 (100 mM) solution after 20 min.
The absorbance of the mixture was recorded at 400 nm
(McDougall et al. 2005a, Cam et al. 2020). Absorbances
were recorded using the spectrophotometer (Shimadzu UV
1700, Tokyo, Japan) to determine the inhibitory activity of
both enzymes.

The a-amylase and a-glucosidase inhibitory activities
were expressed as a percentage of inhibition and the
following formula was used to determine enzyme
inhibitory activity (%) of the samples (Eg. 2).

Enzyme inhibition (%)
_ ABScontrol - ABSsample
ABScontTol

x100 (Eq.2)

where ABScontror and ABSsample €Xxpress the absorbance
of the control and samples, respectively.

Lipase inhibition activity

The lipase inhibition activity of the diluted samples
was evaluated in vitro using the spectrophotometric
method. This assay was performed using the method by

Gilham & Lehner (2005). Porcine pancreas lipase (10
mg/mL) was prepared as the enzyme solution. 800 uL of
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100 mM Tris buffer (pH = 8.2) was mixed in a test tube
with 100 puL of diluted extract and 300 pL of the prepared
lipase solution. After incubation for 5 min at 37°C, 800
uL of p-nitrophenyl-laurate (300 pg/mL) was added. p-
nitrophenyl-laurate is a colored compound and absorbs at
400 nm and through this compound, the enzyme activity
is read in the spectrophotometer (Shimadzu UV 1700).
The control and blank samples were prepared in the same
way by subtracting the extract and both of the extract and
enzyme, respectively (Eq. 3).
Lipase inhibition activity (%)
_ Abscantral - Absextract

x100 (Eq.3)
Abscontrol

where AbScontrol and AbSexiract €Xpress the absorbances
of the control and extract, respectively.

Statistical analysis

To determine the reliability of the 2"-order
polynomial equations derived from the model, Regression
(p-value), coefficient of determination (R?), adjusted R?
(R%qj), predicted R? (R%red), and lack of fit were
demonstrated using Design Expert 11.0.0 software (Stat-
Ease Inc., Minneapolis, MN). SPSS 22.0 software (SPSS
Inc., Chicago, IL) was used for all data analyses where
p<0.05 was assumed to be statistically significant.
Principle component analysis (PCA) used to determine
the correlation between data was performed with Minitab
18 software (Minitab Inc., PA, USA).

Result and Discussion

Checking the model fitting

The experimental value and the predicted data
performed at the experimental points created according to
the FC-CCD result were given in Table 1.

Table 1. Experimental values and the predicted data according to FC-CCD.

Independent variables

Responses

Experimental

point X1 X_z X3 _ TPC (mg GAE g'l)_ DI_DPH (mg TE/100 g sa_mple)
(°C) (min) (%) Experimental value  Predicted data  Experimental value  Predicted data
1 40 5 0 2.68 2.70 163.60 166.18
2 50 325 50 25.80 25.52 2880.78 2998.21
3 60 60 0 1.86 1.96 114.56 117.13
4 50 325 50 25.62 25.52 2949.75 2998.21
5 40 60 100 20.59 20.14 2034.22 1990.33
6 60 5 100 18.19 18.70 1385.79 1404.21
7 60 5 0 2.09 2.02 136.70 134.82
8 60 60 100 19.10 18.09 1553.35 1614.77
9 50 325 50 24.24 25.52 2997.25 2998.21
10 40 5 100 24.98 24.93 1783.16 1730.80
11 40 60 0 2.12 2.18 142.49 144.37
12 50 325 50 25.05 25.52 2915.26 2998.21
13 50 325 0 3.00 2.85 191.42 185.14
14 50 325 50 26.28 25.52 2907.98 2998.21
15 60 325 50 18.82 19.04 2333.28 2204.81
16 50 60 50 22.36 22.42 2904.52 2766.77
17 40 325 50 23.36 23.2 2646.29 2717.60
18 50 325 100 24.98 26.38 2211.08 2218.46
19 50 325 50 26.22 25.22 3144.74 2998.21
20 50 5 50 25.31 25.36 2717.17 2768.04
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Table 2. 2"-order polynomial equations and statistical parameters for model fitness.

Responses 2nd-order polynomial equations

Regression (p-value) R2  RZdj R%red

=-3.067+0.178*temperature-0.0045*time+0.065*solvent concentration

TPC +0.00016*temperaturetime-0.0019*temperature®-0.000089*time?- <0.0001 0.999 0.998 0.997
0.00043*solvent concentration?
=0.643+0.192*temperature+0.0043*time+0.084*solvent concentration
DPPH +5.09735e-05*time solvent concentration-0.002*temperature?-0.0001*time?- <0.0001 0.999 0.999 0.998
0.0006*solvent concentration?
Table 3. Analysis of variance for responses.
DPPH TPC
Source ST @ MU F-value p-value Source S @7 MUSE F-value p-value
Squares  Square Squares  Square
Model 30.43 4.35 2940.88 < 0.0001 Model 20.32 2.90 1839.99 < 0.0001
X1 X1
Temperature 0.1093 0.1093 73.96 <0.0001 Temperature 0.0977 0.0977 61.89 < 0.0001
X2 5.260E-  5.260E- X2
Time 07 07 0.0004 0.9853 Time 0.0381 0.0381 24.13 0.0004
X3 X3
Solvent 15.42 1542  10432.69 <0.0001 Solvent 12.37 12.37 7836.90 < 0.0001
concentration concentration
XaX3 0.0393 0.0393 26.59 0.0002 X1X2 0.0162 0.0162 10.28 0.0076
X1? 0.1131 0.1131 76.54 < 0.0001 X1? 0.1036 0.1036 65.69 < 0.0001
X2? 0.0176 0.0176 11.94 0.0048 X2? 0.0127 0.0127 8.02 0.0151
Xa? 6.55 6.55 4429.63  <0.0001 X3? 3.20 3.20 2028.31 < 0.0001
Residual 0.0177 0.0015 Residual 0.0189 0.0016
Lack of Fit 0.0126 0.0018 1.77 0.2743 Lack of Fit 0.0142 0.0020 2.16 0.2063
Pure Error 0.0051 0.0010 Pure Error 0.0047 0.0009
Cor Total 30.44 Cor Total 20.34

The 2™ -order polynomial equations derived from the
model and its statistical parameters were given in Table 2.
To ensure the reliability of the model, firstly insignificant
terms were removed from the polynomial equation. For
this purpose, the automatic model selection module of the
Design Expert software is used to algorithmically select
the terms to be kept in the model. To determine whether
there is an unimportant term in the model, the Adjusted
R-square selection, which follows one step backwards at
a time and removes the least significant term from the
model was preferred. This is wvery important in
determining the impact of important factors on responses
(Hastie et al. 2001). In addition, it is recommended that
the difference between R2gj and R%yeq to be less than 0.2
and R? and R%g; values above 90% in determining the
suitability of the model (Myers et al. 2004). In addition,
the model should not have a lack of fit. P-value of the lack
of fit for the TPC and DPPH of the samples was

determined as 0.206 and 0.274, respectively, in other
words no model lack of fit was detected (Table 3).
Additionally, as shown in Table 2, R%, R%gj, and RZ%pq
values are greater than 90%, and the differences between
RZ%.j and R%req Values are less than 0.2.

Effects of the extraction conditions on TPC and
antioxidant activity

The results of TPC and DPPH are presented in Table
1. When the effects of extraction conditions on TPC and
DPPH are examined, while temperature and solvent
concentration were significant for both (p<0.05), time was
significant for TPC (p<0.05) but not for DPPH (p>0.05).
The highest TPC and DPPH values in the extraction at 20
experimental points were detected with 26.28 GAE g-1
and 3144.74 mg TE/100 g sample at the midpoint (50°C,
32.50 min, and 50% ethanol), respectively. The lowest
values were obtained with 1.86 GAE g-1 and 114.56 mg




Bioactive extract from Senecio vernalis

TE/100 g sample in 100% ethanol solvent extraction at the
experimental point where the temperature and time values
were at maximum. One of the main objective of extraction
should be to reduce the use of organic solvents as much
as possible. For this purpose, binary solvent mixtures
(water-ethanol) were tried rather than single-use of
ethanol to extract secondary metabolites, and higher
efficiency was obtained in its use. In addition, in studies
evaluating the extraction performance, mixed solvents
came to the fore (Markom et al. 2007). The amount of
phenolic compounds in the extract increased up to 50°C
but decreased rapidly in parallel with the increase in
temperature (Fig. 1). In classical extraction, it is vital to
increase the solubility of the tissues by softening the
temperature. However, it is a known fact that high
temperatures damage phenolics (Dent et al. 2013). The
increase in time is thought to be insignificant for DPPH
since the antioxidants in phenolic compounds pass into
the extract until the 32.50™ min and are not affected by the
increase in time as much as phenolics after that min. By
shortening the extraction time, energy wastage is
prevented and time is saved in the process (Chew et al.
2011). Since the extraction efficiency will vary according
to the phenolic compounds of the raw material, the
extraction method and conditions, it is crucial to optimize
it. In previous studies, some studies determined the TPC
and antioxidant capacity of different Senecio species
(Lone et al. 2014, Sharma & Shah 2015, Faraone et al.
2018, Ayoola et al. 2019). However, studies showing the
bioactive properties of S. vernalis are extremely limited
(Balpinar & Okmen 2019). In addition, the flowers of S.
vernalis contain high amounts of carotenoids (Mogosanu
etal. 2009). The fact that carotenoids have reactive double
bonds in conjugated structure gives them antioxidant
properties (Suparmi & Prasetya 2012).

Principle component analysis (PCA)

To improve the interpretability of multivariate
modelsPCA is a method that has been used frequently in
recent years. PCA is a method of finding the projection of
data in a multidimensional space onto a lower-
dimensional space in a way that maximizes the variance
(Alpaydin 2020). The HJ-biplot was constructed with the
first (97.6%) and second (2.4%) components, contributing
to all of the total variability. On the biplot, the correlation
between the variables was expressed by the acute angle at
the intersection of the vectors. Moreover, the relationship
between 20 experimental points and variables was
reflected with the HJ-biplot. Accordingly, the
experimental points were divided into 3 groups expressed
as a circle, triangle and square. The basis of the grouping
was the solvent concentration. The 1% group (circle-
shaped) with the lowest phenolic compound and
antioxidant capacity was localized farthest away in the
absence of water as a solvent. The second group (square-
shaped) represents the experimental points where the
solvent is 100% water, and since the TPC and DPPH
values at these points are higher than the first group, they
are closer to the intersection of the vectors. The third
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group (triangle-shaped), on the other hand, constitutes the
large group that includes the midpoints of the test points,
as well as the points taken with half the water-ethanol
mixture as solvent, and the TPC and DPPH values
obtained at these points are the highest. The findings show
that the phenolics of the sample are better soluble in the
binary solvent system and the aqueous extract is higher
than ethanol in the use of a single solvent.

There is an intense relationship between the phenolic
content of the plant materials and their antioxidant
activities (Aryal et al. 2019). As can be seen from PCA, a
positive correlation was determined between the phenolic
compounds of S. vernalis and its antioxidants (Fig. 2).

Optimization and model validation

Optimum extraction conditions and both experimental
values and predicted data at this point are presented in
Table 3. Optimum extraction conditions were determined
as 69.72% water concentration at 57.29°C for 26.15 min.
The predicted data according to the model at the optimum
point were observed as 28.14 mg GAE g and 3165.99
mg TE/100 g sample for TPC and DPPH, respectively. In
addition, the experimental values made at this point were
determined as 27.94 mg GAE g and 3054.77 mg TE/100
g samples for TPC and DPPH, respectively. As it is clear
from the results, the predicted data and experimental
values are in good agreement. Briefly, there is no
statistically significant difference (p>0.05).

Anti-diabetic activity and lipase inhibition activity

Dilutions at 1, 2, 5, 10, 20, 50, 75, and 100 mg mL™
were prepared from the extracts taken at the optimization
point, and a-amylase, a-glucosidase, and lipase inhibition
activities were evaluated. With increasing concentration
from 1 to 100 mg mL™, the inhibition activities of a-
amylase and a-glucosidase increased. The results showed
that the inhibition activity of a-amylase and a-glucosidase
ranged between 4.12%-21.32% and 17.94%-64.16%
respectively. a-glucosidase inhibition activity was found
to be higher than a-amylase inhibition activity. The reason
for this situation is thought to be the bioactive compounds
of S. vernalis. Wang et al. (2010) reported that seven pure
flavonoid compounds showed an inhibitory effect on
different enzymes. Pancreatic a-glucosidase and o-
amylase are needed to convert complex carbohydrates to
simple sugars in the gastrointestinal system. Inhibition of
these enzymes is one of the methods applied for plasma
glucose levels decreased in the blood (Krentz & Bailey
2005). The methods of inhibition of these enzymes and/or
restriction of absorption of monosaccharides are utilized
in currently used medicinal drugs such as acarbose,
miglitol, voglibose, etc. (Dash et al. 2018). However, due
to the known side effects of these drugs (Su et al. 2013),
interest in natural agents with strong inhibitory effects and
less side effects and/or no side effects has increased in
recent years (Kim et al. 2004, Ali et al. 2006, Bhandari et
al. 2008, Hung et al. 2012).
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Fig 2. HJ-biplot of the distribution of experimental points over
the responses for PCA.

The anti-diabetic activities of different Senecio
species were determined in previous studies (Conforti et
al. 2006b, Tundis et al. 2012, Ajiboye et al. 2018, Ma et
al. 2018b). However, no study was found to determine the
a-amylase and a-glucosidase inhibition capacity of S.
vernalis. Hyperglycemia is highly correlated with
oxidative stress and the activity of key enzymes such as
pancreatic a-amylase a-glucosidase (Hung et al. 2017). In
previous in vivo and in vitro studies, it was emphasized
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Fig. 1. Representation of the interaction effect of extraction conditions on responses with 3D surface plot.

that oxidative stress causes dysfunction in [-cells
responsible for glucose metabolism (Robertson 2004,
Tang et al. 2012, Chang et al. 2013). Therefore, oxidative
stress should be reduced as much as possible to prevent or
reduce diabetic complications (DeFronzo 1999).
Antioxidants play an essential role in avoiding related
disorders such as degenerative diseases, diabetes and
cancer by controlling oxidative stress (Birben et al. 2012).
Some studies suggest that the progression of type 2
diabetes can be reduced by consuming diets rich in plant-
based antioxidants (Faller & Fialho 2009, Porter 2012). In
addition, diabetes is one of the oxidative stress states in
which free radicals increase and antioxidant mechanisms
are inhibited. Therefore, it is recommended to use anti-
diabetics with antioxidant properties to treat diabetes
(Memigogullar1 2005). It is also known that plant
polyphenols and antioxidants have effective anti-diabetic
properties (McDougall et al. 2005b, Mai et al. 2007).
Therefore, in this study, S. vernalis was extracted at the
point where its antioxidant capacity was at its maximum.
Then the inhibition capacities of a-amylase a-glucosidase
were investigated. Consequently, it is thought that the
high antioxidant activity of S. vernalis and its anti-
diabetic effect provide dual benefits. None of the extracts
showed dose-dependent inhibition of lipase enzymes.
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Table 4. Optimum extraction conditions with experimental values and predicted data at these conditions.

Temperature  Time Solvent Desirability ReSDONSES Predicted  Experimental
(°O) (min)  concentration (%) score P data value
TPC (mg GAE g?) 28.14 27.94
57.29 26.15 69.72 1.00
DPPH (mg TE/100 g sample) 3165.99 3054.77
Conlusion Department of Molecular Biology and Genetics. We

RSM has been successfully applied to optimise
extraction on TPC and antioxidant activity of S. vernalis
flowers. The most effective extraction conditions were
determined as 69.72% water concentration, 59°C for
26.15 min with which the experimental values of TPC and
DPPH were observed as 28.14 mg GAE g and 3165.99
mg TE/100 g sample, respectively. Extracts at various
concentrations exhibited not only antioxidant but also
potential a-glucosidase and a-amylase inhibitory activity.
Therefore, this extract may be promising for a therapeutic
approach in the management of type 1l diabetes, as it has
anti-diabetic potential as well as high antioxidant activity.
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Abstract: This study aimed to determine a useful selection criterion for salt tolerance during
the early development stage of sugar beet. Four sugar beet cultivars (Orthega, Valentina, FD
Shoot, and Mohican) were exposed to NaCl stresses (Control, 5, 10, and 15 dS m-?), and
morphological and physiological characteristics were investigated. Germination percentage,
mean germination time (MGT), seedling length, and seedling f