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1. Bitki biyocesitliligi

Ekosistemlerin dengeli bir sekilde isleyisi tlir zenginligi, tiir bilesi-
mi, genetik cesitlilik ve tiirler arasindaki fonksiyonel iligkilere baglidir. Bu
yiizden, biyocesitlilikteki mevcut degisiklikler ekosistemlerin igleyisinde
de degisikliklere yol agmaktadir. Ekosistemleri dengede tutarak yasanabi-
lir hale getiren biyogesitlilik, artan diinya niifusunun beraberinde getirdigi
kirlilik, habitat kaybi, avlanma, iklim degisikligi ve dogal afetler gibi stres
faktorleri nedeniyle giinden giline azalmaktadir. Bir ekosistemde yasayan
herhangi bir tiirlin neslinin tiikenmesi, canlilarin beslenme iligkilerini,
madde dongiilerinin siirdiiriilebilirligini, dogal kaynaklarm kullanimini ve
yenilenebilirligini de 6nemli dl¢iide etkilemektedir.

Dogal bitki kaynaklarin1 korumak; tozlagma, besin geri doniigiimii,
gida ve orman {iriinleri gibi canliligin devamini saglayan temel ekosistem
hizmetlerini saglamak adina kritik dneme sahiptir. Biyogesitliligi sekillen-
diren tiirler ve bu tiirlere ait popiilasyonlar1 korumak icin popiilasyonlarda
meydana gelen degisikliklerin ekolojik ve molekiiler diizeyde izlenmesi
gerekmektedir. Kiiresel 1sinmanin eslik ettigi yiiksek ¢evresel baski, 6zel-
likle artan buharlagsma orani ve yiiksek irtifalarda sert iklim kosullar1 ne-
deniyle kendilerini stabil olmayan ekosistemlerde bulunan tiirlerin degisen
cevre kosullarina karsi evrimsel potansiyel saglayan genetik ¢esitlilikleri-
nin agiga ¢ikarilmasi ve korunmasi gerekmektedir (Dobson, 1997a; Khan
vd., 2013). Uluslaras1 Doganin Korunmasi Birligi (IUCN) ve Kirmiz1 Liste
kategorileri (IUCN Red List of Threatened Species, 2022) basta endemik
tiirler olmak tizere tiirlerin dagilimi ve popiilasyon durumunu degerlendir-
mek i¢cin envanterlerin ¢ikarilmasi gerekliligini vurgulamistir (BakshCo-
meau vd., 2016). IUCN kriterlerine gore son derece nadir, tehlikede veya
kritik derecede tehlikede olan endemik tiirlerin molekiiler tanimlamasinin
yapilarak bu endemik tiirlerin evrimsel iligkilerinin aciga ¢ikarilmasi ve
popiilasyonlarinin korunmasi igin gerekli bilimsel ¢aligmalarin yapilmasi
iilkelerin biyogesitliligini korumak ag¢isindan biiyiikk 6nem arz etmektedir.

2. DNA barkodlama ve biyocesitliligin korunmasi

Biyogesitliligin korunmasi i¢in yapilan taksonomik degerlendirmeler,
popiilasyon biiyiikliigiiniin ve floranin dagiliminin belirlenmesi molekiiler
calismalardan 6nce, genellikle herbaryumlar tarafindan gelistirilen mor-
folojik tanimlayicilarin degerlendirmesine dayaniyordu (Godfray, 2002;
Li vd., 2015). Mevcut drnekler karmasik bir cinse aitse veya alt tiirleri
iceriyorsa, morfolojik belirteglerle dogru tiir tanimlama yapmak miimkiin
olmamaktadir (Ortega vd., 2007). Bir tiiriin dogru tanimlanmasi ve genetik
kaynaklarinin analizi biyolojik ¢esitliligin korunmasi ve siirdiiriilebilir kul-
lanimi i¢in 6nem arz etmektedir. Son yirmi yildir klasik morfoloji ve fiz-
yolojinin yani sira filogenetik ¢caligsmalarla genetik ¢esitlilik degerlendirme
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stratejileri gelistirilmektedir. Morfolojik taksonomi i¢in tamamlayici bir
yontem olarak, her tiir i¢in spesifik olan kisa ve standartlagtirilmis evrensel
DNA gen bolgeleri (rbcL, matK, trnH-psbA4, ntDNA ITS DNA) kullanila-
rak yapilan DNA barkodlama; tiir tanimlama ve kesfi i¢in etkili bir yontem
haline gelmistir (Hebert vd., 2003; Barrett ve Hebert, 2005; Hollingsworth,
2011). Tiir tamimlamasinin yam sira, DNA barkodlama ve genomik yakla-
simlar yeni taksonlarin tespiti (Bell vd., 2012), tiirlerin korunmasi ve bitki
ekolojisine yonelik caligmalarda dahil olmak {izere biyogesitlilik arastir-
malarinda kullanilmaktadir (Savolainen ve Karhu, 2000; Hollingsworth,
2008; Hosein vd., 2017). Bir tiiriin yayilimmin dogru bir sekilde sinir-
landirilmasi ve tanimlanmasi, genetik cesitlilik analizi i¢in 6nem arz et-
mektedir. Herbaryumlarda muhafaza edilen tanimlanmis materyaller, bit-
ki floras1 icin DNA barkod kiitiiphanesi olusturmak adina referans olarak
kullanilabilir zengin bir kaynak saglamaktadir. Bitki biyogesitlilik analizi
ve DNA barkod kitaplig1 olusturmak i¢in herbaryum koleksiyouna dayali
bitki evrimsel genetigi ve genomik ¢aligmalar1 diinya ¢apinda ytiriitiilmek-
tedir. Ulke floras1 igin DNA barkod kiitiiphaneleri olusturmak ve bu verile-
ri kullanilabilir hale getirmek biyocesitliligi daha iyi anlamak, korumak ve
kullanmak i¢in 6énemli bir role sahiptir.

3. DNA barkodlama metodolojisi

DNA barkodlama, kisa, standardize edilmis DNA fragmentlerini kul-
lanarak canl bir organizmay1 molekiiler olarak tanimlama ydntemidir. In-
sandaki parmak izine benzer sekilde, her tiiriin de kendine ait bir DNA
barkodu bulunmaktadir. DNA barkodlama arastirmasi i¢in kullanilan tek-
nolojiler biiyiimeye ve gelismeye devam ederken, temel metodoloji de-
gismeden kalmistir. Barkodlama igin gerekli olan DNA bitkinin yaprak,
meyve, kok, tohum gibi herhangi bir dokusundan alinacak kiiciik bir parca
numuneden izole edilir. Genellikle yaprak orneklerinden DNA izolasyonu,
bitkilerde standart olarak kullanilan CTAB (Cetyl Trimethyl Ammonium
Bromide) (Doyle, 1991) metodu ile basarili bir sekilde ger¢eklestirilmek-
tedir. Standartlastirilmis evrensel DNA barkodlar1 tasarlanan uygun pri-
merler ile polimeraz zincir reaksiyonu (PCR) kullanilarak ¢ogaltilir. Hizli
evrimlesme 6zelligi, kii¢iik boyutu ve her hiicrede yiiksek oranda kopya
sayis1 icermesi sebebiyle filogenenetik ¢alismalarda yaygin olarak kullani-
lan 26S rDNA (ribozomal DNA) gen dizisi (Kuzoff vd., 1998) calisilacak
tirlerin yakin akrabalariyla aralarinda gergeklesen genetik yap1 degisim-
lerinin belirlenmesi amaciyla kullanilmaktadir. Yasam Barkodu Konsor-
siyumu (The Consortium for the Barcode of Life (CBOL)) (2009), bitki
sistematigi ¢aligmalarinda tiir ve cins ayirimi i¢in evrensel olmalari, kolay
amplifiye edilebilmeleri ve yliksek oranda degisim gdstermelerinden dola-
y1 temel barkod bolgeleri olarak kloroplast DNA’sindan rbcL (ribuloz 1,5
bisfosfat biiylik alt birimi) ve mafK (Maturase K)’ya ek olarak intergenik
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dizi trnH-psbA4 ve niikleer ribozomal ITS1 ve ITS2 (Internal Transcribed
Spacer) gen bolgelerini belirlemistir (Tablo 1). matK, kloroplast lizin tRNA
(tmK) genindeki intron bolgesinde tek kopya olarak bulunan, 1500bg
uzunlugunda sistematik ve evrimsel botanik ¢aligsmalarinda yaygin olarak
kullanilan gen bolgelerinden biridir (Kang vd., 2017). Kloroplast kdkenli
barkodlama bolgeleri arasinda en hizli degisim gosteren bolgedir (Chase
vd., 2007). Ribulose-1,5-bis-phosphate carboxylase / oxygenase (RuBis-
CO)genini kodlayan kloroplast kokenli rbeL geni cins tistii taksonomik se-
viyelerdeki filogenetik ¢aligmalar i¢in yaygin bir sekilde kullanilmaktadir
(Li vd., 2015). Kloroplast DNA’sinda trnH ve psbA genleri arasinda kalan
bdlge hem psbA geninin transkripsiyon sonrasi regiilasyonu i¢in énemli
3’UTR bolgesini hem de kodlanmayan trnH-psbA4 intergenik bosluk bolge-
sini igermektedir. Bu bolge trnH-psbA dizisinin evrensel primerler olarak
tasarlanmasini kolaylastirir. Bitkilerde bir¢ok grupta yiiksek oranda gesit-
lilik igerdigi i¢in filogenetik ¢aligmalarda rbcL bolgesi ile birlikte kullanil-
diginda cins ve tiir bazinda yiiksek oranda ayirim giiciine sahiptir (Kress
ve Erickson., 2007; Dong vd., 2012). Yiiksek kopya sayisina sahip niikleer
ribozomal ITS bdlgesi ise; ITS1, ITS2 ve 5.8 S’yi bolgelerini igermektedir
ve karasal bitki tiirlerini cins diizeyinde ayirma giiciine sahiptir (Chase vd.,
2007; Kang vd., 2017). ITS bolgesi farkli bitki gruplarinin evrimsel ve
sistematik caligsmalarinda en ¢cok kullanilan DNA barkod boélgesi olmasinin
yan sira plastid DNA barkod boélgeleri ile karsilagtirildiginda tiirler arasi
ayrim yapma giicii daha fazladir (Alvarez, 2003). ITS2 bdlgesi, tiir ve fa-
milya seviyesindeki filogenetik ¢alismalarda yiiksek oranda ayrim yapma
giicline sahiptir (Alvarez, 2003; Bailey, 2003).
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Tablo 1 DNA tabanl tanilama sistemi icin evrensel olarak kullanilan DNA

barkod bélgeleri
Uriin
Barkod Primer uzunlugu
primer Primer sekansi yonii (b¢) Referans
704 Alvarez
26S TTCCCAAACAACCCGACTC ileri ve Wendel
rDNA  GCCGTCCGAATTGTAGTCTG Geri (2003)
704 CBOL
Bitki
Calisma
ATGTCACCACAAACAGAGACTAAAGC  lleri Grubu
rbcL GTAAAATCAAGTCCACCRCG Geri (2009)
794 CBOL
Bitki
Calisma
CGTACAGTACTTTTGTGTTTACGAG ileri Grubu
matK ACCCAGTCCATCTGGAAATCTTGGTTC  Geri (2009)
P ileri 340-600  Hebert vd.
psbA CGCGCATGGTGGATTCACAATCC (2003)
GTTATGCATGAACGTAATGCTC Geri
310 White vd.
ITS4 TCCTCCGCTTATTGATATGC Geri (1990)
ITS3 GCATCGATGAAGAACGCAGC ileri
208 White vd.
1TS2 GCTGCGTTCTTCATCGATGC Geri (1990)
White vd.
ITS5 GGAAGTAAAAGTCGTAACAAGG ileri (1990)

PCR da barkod bolgeleri amplifiye edildikten sonra Sanger Dizile-
me gibi yeni nesil dizileme metotlar1 kullanilarak ilgili DNA bolgelerinin
niikleotid dizileri elde edilir. Elde edilen diziler NCBI Genbak ve Barcode
of Life gibi veri tabanlarinda depolanan DNA referans kiitiiphanesindeki
verilerle karsilagtirilarak bitkilerin familya, cins ve tiir bazinda tanimla-
malar yapilmaktadir. Ayrica genetik barkodlamasi yapilan bitki tiirlerinin
veri tabaninda bulunan yakin tiirlerle olan filogenetik iligkileri de barkod
sekanslar1 kullanilarak agiga ¢ikarilmaktadir.

4. Diinyada yapilan bitki DNA barkodlama calismalari

DNA Barkodlama yontemi ile biyogesitliligin ve genetik kaynakla-
rin gesitliliginin agiga ¢ikarilmasi ve korunmasi alaninda diinya ¢apinda
onemli calismalar yapilmaktadir. Ulkeler DNA barkodlama yoluyla az
miktarda bitki dokusu kullanarak biyolojik cesitliliklerine katki saglayan
bitki ve hayvanlara molekiiler kimlik vererek kendi iilkelerine ait oldugu
bilgisini iilke envanterlerine ve literatiire eklemekte ve sahip oldugu gene-
tik kaynaklar ve gen havuzu iizerinde hak sahibi olmaktadir. Hashim vd.
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(2021) Sina yarimadasina endemik olan dokuz medikal bitkinin her birine
19 genetik barkod vermislerdir. Hosein vd. (2017) Atlantik Okyanusu ve
Karayip Denizi’'ndeki adalarda bulunan tehdit altindaki 14 endemik bitki
tiirtinii barkodlamiglardir. Srivastava ve Manjunath (2020) 35 orkide tiirii-
nii genetik barkod vererek tanimlamiglardir. Mishra vd. (2017) barkodlama
caligmasini Hindistan’da tehdit altindaki Decalepis tiirlerini korumak igin
yapmuslardir. Chen vd. (2022) Cinde yayilis gosteren tibbi agidan énemli
kullanim alanlarina sahip 21 Fritillaria tiriiniin tiim kloroplast genomunu
barkodlamiglardir. Uluslararas1 Yasam Barkodu Projesi (IBOL, Internatio-
nal Barcode of Life) (The International Barcode of Life Consortium, 2022),
ulusal ve uluslararasi biyogesitliligin kesfini ve korunmasim destekleyen
onemli kuruluslarin 6nde gelen arastirmacilarindan ve temsilcilerinden
olusan bir platformdur. Projenin amaci kapsamli bir biyogesitlilik envan-
teri olusturmak ve biyo-gdzetim kapasitesini gelistirerek ekonomik, sosyal
veya ¢evresel agidan 6nemli tiirler i¢in bir tanimlama sistemi ve tiim yagsam
icin barkod referans kitapligi olusturmaktir. Yasam Barkodu Konsorsiyo-
mu Bitki Caligma Grubu (The Consortium for the Barcode of Life (CBOL)
Plant Working Group) (2009), 550 bitki tiirlinii temsil eden 907 Ornegi
yedi DNA barkod bélgesi ile ¢alismuslardir. Ulkemizin de igerisinde yer
aldigi, 47 iilkenin iiye oldugu, arastirma alan1 DNA barkodlama olan veya
bunu destekleyen aragtirmaci ve organizasyonlarin olusturdugu uluslarasi
bir ag olan IBOL, bilinen tiirleri tanimlamak ve yenilerini kesfetmek icin,
standartlastirilmis gen bolgelerindeki dizi ¢esitliligini kullanarak, cografi
ve taksonomik kapsamda detayli bir barkod referans kitapligi olusturmak-
tadir. Elde edilen barkod kayitlari, uluslararasi erisime agik olan Barcode
of Life Veri Sistemleri (BOLD) tabaninda depolanmaktadir. Bu veri taba-
ninda c¢aligilan tiirlere ait lokalite bilgileri, morfolojik goriintiileri, DNA
barkod dizileri gibi ¢ok sayida bilgiye ulagilmaktadir. DNA barkod veri
tabanlar1 kullanilarak morfolojik tanimlamalarinda zorluk yasanan tiirler
veya alttiirler kisa siirede ve etkin bir sekilde tanimlanabilmektedir.

5. Tiirkiye’de yapilan bitki DNA barkodlama calismalari

Ulkemizde tath su baliklari iizerinde gerceklestirilen DNA barkodla-
ma ¢aligmalar1 disinda barkodlama alaninda yeterli sayida ¢alisma bulun-
mamaktadir (Keskin ve Atar, 2013a,b). Bitkilerde barkodlama g¢aligmalar1
diinyada yaklasik 15 yildir gerceklestirilmesine ragmen, iilkemizde bir
ka¢ calisma disinda kapsamli bir ¢alisma bulunmamaktadir (Cabuk Sa-
hin, 2016; Dénmez vd., 2017; Inal ve Karaca, 2019; Hiirkan, 2020; Sapc1
Selamoglu, 2022). Tarimsal Arastirmalar ve Politikalar Genel Miidiirlii-
gi'nlin (TAGEM) destekledigi Tiirkiye Tohum Gen Bankas1’ nin 2017” de
baglattig1 “Ulusal DNA Barkodlama Projesi” kapsaminda; basta endemik
tiirlerimiz olmak iizere, genetik kaynaklarimiz molekiiler diizeyde karak-
terize edilip “BarkodTiirk” ad1 verilen veri tabaninda kayit altina alinmaya
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baglanmistir. Veri tabanina aktarilan bilgiler, uluslararasi veri tabanlarinda-
ki verilerle karsilagtirilarak, lilkemize 6zgii genetik kaynaklarin dogru bir
sekilde tespit edilip biyokagakeilik ile etkin bir sekilde miicadele edilme-
sine katki saglayacaktir.

6. Tiirkiye’de ki bitki cesitliligini korumak

Tiirkiye; Akdeniz, iran-Turan ve Avrupa-Sibirya floristik bdlgelerini
icermesi nedeniyle bitki Ortiisii bakimindan diinyanin en zengin iilkelerin-
den biridir (Davis, 1988). Ulkemizin yedi bdlgesinde goriilen iklim farkli-
liklar, topografik, jeolojik ve jeomorfolojik ¢esitlilik, deniz, gol ve akarsu
gibi su ekosistem cesitliligi zengin bir floraya sahip olmamiza katki sag-
lamaktadir (Giines ve Ozba 2014). Tiirkiye, yaklasik on binden fazla bitki
tiirti ile floristik zenginligi en fazla olan iilkelerden biri olmasinin yani sira
sahip oldugu tiirlerin 3035’inin endemik olmastyla da ¢ok 6nemli bir biyo-
cesitlilik merkezidir (Y1lmaz, 2012). Tirkiyede doga korumada oncelikli
alanlar olarak uluslararast Onemli Bitki Alanlar1 (OBA) kriterleri ile belir-
lenen 144 OBA bulunmaktadir (Ozhatay vd., 2005; Ozhatay, 2006).

Ulkemizde yayilis gosteren basta endemik bitki tiirleri olmak iizere
biyogesitlilige katk: saglayan bitki tiirlerine genetik barkod ile molekiiler
kimlik verilmesi ve bu tiirlerin korunma durumlarinin belirlenerek yerinde
korunmaya alinmasi i¢in ¢alismalarin yapilmasi gerekmektedir. DNA ta-
banli tanimlama sistemi ile elde edilecek genetik veriler kiiresel 1sinma ve
kiiresel kitlik konularinin iilke giindemlerini mesgul ettigi bu giinlerde top-
lumun biyogesitlilik ile etkilesimde bulundugu gida {iretimi ve giivenligi,
kaynak yonetimi, koruma, arastirma, egitim ve rekreasyon gibi alanlarda
onemli ¢caligmalar yapilmasina katki saglayacaktir. Floristik zenginligimizi
olusturan bitki tiirlerine molekiiler kimlik verilmesi bitkilerin taninmasi ve
yerinde korunmasinin (in-sitii) yan1 sira sahip oldugumuz biyogesitliligin
evrensel standartlarda kayit altina alinarak korunmasina olanak saglaya-
caktir.
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1. Tarmmn ortaya cikisi ve yayilisi

Tarimsal ekonomiye dayali yerlesik hayata gecis olarak adlandirilan
‘Neolitik doniisiim’ siireci diinyanin farkli bolgelerinde birbirinden ba-
gimsiz olarak farkli zamanlarda baslamis ve zaman i¢inde tiim kitalara
yaylmistir (Diamond vd., 2003; Gepts, 2004). Arkeolojik, antropolojik
ve genetik ¢aligmalar, Neolitik donilisiimiin giinlimiizden yaklagik 13 bin
yil énce Dogu Akdeniz’in kiyr bdlgesi (Giiney Levant), iran ve Irak’m
Toros-Zagros smurlari, Kuzey Mezopotamya, Giineydogu Anadolu ve
Orta Anadolu’yu iceren Bereketli Hilal olarak adlandirilan bolgede ger-
ceklestigini gostermektedir (Ozdogan, 2011; Riehl vd., 2013; Broushaki
vd., 2016). Her ne kadar tarimin ve hayvan evcillestirilmesinin ilk olarak
Bereketli Hilal bdlgesinde bagladigi1 kabul edilsede, son yillarda yapilan
arkeolojik, antropolojik ve genetik veriler 15181nda tarimin Yakin Dogu’da
tek bir noktada baslamadigy, birden fazla ¢ekirdek bolgede farkl toplumlar
tarafindan yapildig1 agiga cikarilmistir (Salamini vd., 2002; Gebel, 2004;
Fuller vd., 2011; Ozbasaran, 2011; Stiner vd., 2014; Hodder, 2014). Fuller
vd. (2011) Bereketli Hilal’de yer alan Neolitik yerlesim yerlerinde yapilan
kazi ¢alismalarinda bulunan dari, arpa, bugday, burcak ve keten gibi tarim-
sal tirlinlerin ve bunlarin yabanil atalarinin dagilimini arkeobotanik verileri
kullanarak gostermislerdir. Elde edilen veriler bu tarim {iriinlerinin tek bir
merkezde degilde birden fazla bolgede bulundugunu ve kiiltiire alindigini
gostermektedir. Ayrica Levant, Iran ve Orta Anadolu Neolitik insanlarinin
arkeogenomik incelemeleri de yerel avci toplayicilarin farkli bolgelerde
tarimi baglattig1 ve birbirleri ile genetik etkilesim i¢inde olmadiklarini gos-
termistir (Lazaridis vd., 2016).

Orta Anadolu bolgesinde agiga ¢ikarilan 11 Neolitik yerlesim merke-
zinin 5 tanesinde tarim uygulamalarinin izlerine rastlanmistir (Baird, 2009,
2012a). Bu toplumlarin birbirleriyle ve Bereketli Hilal’de bulunan Neoli-
tik topluluklarla bolgesel ve bolgeler arasi sosyal ve ekonomik etkilesim-
lerinin oldugu bulunmustur (Gerard ve Thissen, 2002; Ozbasaran, 2011).
Orta Anadolu Hitit devletinin liderleri, Bat1 Anadolu’daki ticaret yollarina
erisimi olan topraklarin kontrolii ve diplomatik baglantilar1 i¢in Ege, Le-
vant ve Misir’in stratejik bolgelerinde yasayarak bu bolgeler arasindaki
sosyal ve ticari iligkilerini devam ettirmislerdir (Bryce, 2005). Giinlimiiz-
den yaklagik 13 bin y1l 6nce Yakin Dogu’da basglayan tarimsal faaliyetlerin
(Ozdogan ve Basgelen, 1999), asamali olarak hem Akdeniz hem de Ege
kiyilar1 ve kuzey bat1 Anadolu iizerinden 6 bin y1l 6nce Avrupa’ya yayildi-
81, yapilan arkeolojik kazilardan elde edilen bulgularla desteklenmektedir
(Ozdogan, 2011; Fort vd., 2012). Radyokarbon (C') tarihlendirmesi, se-
ramik analizleri ve iklim verileri, Batt Anadolu ve giiney Avrupa Neolitik
toplumlar1 arasinda gesitli dinamik iligkilerin oldugunu gostermistir. Evcil
hayvanlarin kalintilariyla yapilan antik DNA (aDNA) caligmalar1 da bu
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kiiltiirel etkilesimin ve tarimin Bati Anadolu’dan Avrupa’ya yayilisini ka-
nitlamaktadir (Fernandez vd., 2006; Beja-Pereira vd., 2006; Larson vd.,
2007; Haak vd., 2010; Weninger vd., 2014). Ayrica Kiling vd. (2016) en
erken Neolitik donem Anadolu ¢ift¢ilerinin Avrupa’ya yayilan ilk Neolitik
gocmenler ile ayn1 gen havuzunu paylastiklarini ortaya koymustur.

2. Genetik tabanh arkeobotanik ¢caliymalar

Tarim bitkileri, ylizyillar boyunca kiiltlire alinma ve 1slah siirecinde
insan miidahalesi, degisen ¢evresel kosullara yonelik, secilim ve adaptas-
yon sonucunda stirekli olarak genetik degisimlere ugramistir. Tarimin iler-
lemesiyle bu iiriinler yeni cografik bolgelerde farkli se¢ilim kosullarinda
gelismeye ve yayilmaya baslamistir. Bu yayilim ¢ok sayida istenilen agro-
nomik Ozelliklere sahip yerel tohumlarin gelismesini saglamigtir. Tarim
tarihi konusunda en dogru bilgilere ulagmak, tarim bitkilerinin yayilimi-
ni, zaman i¢inde gecirdigi degisimleri ve {irlinlerin yeni ortamlara uyum
saglama yetenegini daha detayli bir sekilde inceleyebilmek i¢in modern
tohumlar, onlarin yabanil formlari, herbaryum ve miize koleksiyonlarinda
bulunan diger bitki materyallerinin morfolojik ve genetik analizleri yapil-
maktadir. Calisilan 6rneklerin referans genomlari kullanilarak ortak atala-
rinin sahip oldugu genom dizisi ve yapis1 uzun bir zaman dilimini i¢cerecek
sekilde ortaya cikarilmaktadir. Arkeobotanik alaninin gelismesiyle, arke-
olojik kazilar sirasinda elde edilen antik bitki drnekleriyle yapilan makro
Olgekteki analizler, tarimin ¢ikis1 ve gelismesiyle ilgili belli sorulara cevap
verse de tarim triinlerinin ge¢irdigi degisiklikler ve yayilis1 hakkinda daha
kesin bilgilere ulagmak i¢in genetik analizlerden yararlanmak zorunlu hale
gelmistir (Leino vd., 2013; Kistler vd., 2017). Optimum sartlarda komiir-
lesmis tohum ve odun gibi biyolojik 6rneklerde DNA ve biyokimyasal
molekiillerin varligimi binlerce yil siirdiirebildigi yapilan ¢aligmalarla or-
taya konmaktadir (Parducci ve Remy, 2004; Gugerli vd., 2005; Rogers ve
Kaya, 2006). Paleogenetik, molekiiler biyoloji tekniklerinin kullanilarak
arkeolojik kaynaklardan elde edilen biyolojik kalintilarin genetik yapila-
rinin agiga ¢ikarildig disiplinlerarasi bir arastirma alanidir ve arkeolojik
kalintilarda korunan aDNA’y1 yeni nesil dizileme metotlar1 kullanarak ag1-
ga cikan genomik degisikliklerin daha kisa bir zaman diliminde dogrudan
tanimlanmasina odaklanir. Spesifik genomik bolgeleri hedefleyerek DNA
parcalariin ¢ogaltilmasini saglayan ger¢ek zamanli Polimeraz Zincir Re-
aksiyon (PZR) teknikleri, gelistirilen yiiksek kapasiteli dizileme teknoloji-
leri ve biyoinformatik yontemler diisiikk yogunlukta ve bozunuma ugramis
DNA ile ¢alismanin zorluklarini asarak paleogenetik alaninin gelismesine
olanak saglamaktadir (Mullis vd., 1986; Paabo vd., 2004).

DNA’nin arkeolojik bitki kalintilarinda iyi bir sekilde muhafaza edil-
digini saptayan ve DNA’y1 ¢ogaltarak paleogenetik analizlerin yapildig:
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az sayida calisma bulunmaktadir. Allaby vd. (1997) ve Brown vd. (1998),
Brown (1999)Avrupa’daki degisik kazi alanlarindan g¢ikarilan kdmiirles-
mis bugday tohumlarindan DNA izole ederek PZR calismalar ile ¢ogalt-
miglardir. Cin’in Sincan bdlgesinde erken Tung Cagi’na tarihlenen bugday
tanelerinden ¢ok iyi durumda DNA izole edilmistir. Niikleer ribozomal
DNA bolgeleri (ITS) ve intergenik (IGS) ara bolgelerden elde edilen so-
nuglar ¢alisilan bugdaylarin hekzaploid ekmeklik bugdayla yakin genetik
benzerlik gosterdigini agiga ¢ikarmistir (Li vd., 2011). Oliviera vd. (2012)
Gran Canaria bdlgesinde Ispanya donemi ncesine ait kurumus bugday
tohumlarindan DNA izole ederek ribozomal DNA boélgelerinden ITS ve
IGS, gluten lokusunun iist bolgesi ve tek lokus niikleer mikrosatellit bolge-
lerini basarili bir sekilde ¢ogaltmislardir. IGS lokusu, tetraploid (AABB)
ve hexaploid (AABBDD) bugdaylarin belirlenmesine yardimci olmustur.
Ayrica galisilan ¢ekirdek DNA bolgeleri ekmeklik ve durum bugdaylarini
da birbirinden ayirmistir. Mascher vd. (2016) Olii Denize yakin Judean
¢oliindeki bir magaradan elde edilen kazidan ¢ikarilan 6000 yillik arpa
tohumlariin genom dizi analizini yapmislardir. Antik 6rneklerin ekzom
dizilerinin modern arpa ¢esitleriyle karsilastirilmasi bu 6rnekler ile giiney
Levant ve Misir daki ¢esitler arasinda yiiksek oranda benzerlik oldugunu
gostermistir. Palmer vd. (2009) Qasr Ibrim bolgesinden elde edilen antik
tohumlardan DNA izole ederek, arpada basak sayisimi belirleyen VRS1
geninin dizi analizini ger¢eklestirmislerdir. Biitlin bagaklarin alt1 sirali ge-
notip yapisina sahip oldugu bulunmustur. Baklagil tiirleri i¢in bildirilen
ilk basarili aDNA izolasyonu glineydogu Sirbistan da bulunan Hissar ka-
sabasindaki M.O. 1.350-1.000 tarihli bir tepeden ¢ikarilan bezelye (Pisum
sativum) ve burcak (Vicia ervilia) tohumlarina aittir. Her iki tiirden elde
edilen DNA’nin tiim genom ¢ogaltim1 yapilarak, ribozomal DNA geni olan
26S rDNA bolgesi cogaltilmistir (Mikic, 2015). Smykal vd. (2014) aym
bolgeden c¢ikarilan bezelye tohumlarindan elde edilen aDNA’y1 kullana-
rak dort kloroplast DNA bolgesini (trnSG, trnK, matK ve rbcL) cogaltarak
antik, kiiltlire alinmis ve yabani bezelye tohumlar arasindaki farki ayirt
etmeye caligmiglardir. Antik DNA analizi komiirlesmis bezelye tohumla-
rini kiiltlire alinmis Pisum sativum ile yabani form olan P. sativum subsp.
elatius arasina yerlestirmistir. Literatiirde karbonlagsmig/komiirlesmis antik
Vitis vinifera tohum ornekleri ile yapilmis ¢calismalarda, bu 6rneklerin cog-
rafik orjinlerini belirlemek ve modern gesitlerle iliskilendirmek amaciyla
mikrosatelit markdrleri kullanilmigtir (Manen vd., 2003; Cappellini vd.,
2010; Gismondi vd., 2016; Bacilieri vd., 2017). Cappellini vd. (2010)’nin
caligmas1 kuru iiziim ticareti ile ilgili tarihsel verileri ortaya ¢ikarmistir.
Bunlara ek olarak ¢ok kopyali olmasi sebebiyle kloroplast RuBisCO bii-
yiik tinite geni (rbcL) (Malenica vd., 2011), yine kloroplast DNA’sinda
bulunan matiiraz kinaz (matK) ve trnH-psbA bdlgeleri tiiriin belirlenmesi
ve modern ¢esitlerle karsilastirma ¢aligmalarinda kullanilmigtir (Gismondi
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vd., 2016).

3. Sediment DNA calismalari

Son yillarda géllerden sondajlarla ¢ikarilan sediment 6rnekleriyle ya-
pilan sedaDNA c¢aligmalar1 ile kaz1 yapilan bolgelerin jeolojik ve paleo-
cografik 6zellikleri daha kapsamli bir sekilde aciga ¢ikarilmaktadir. Sedi-
ment Ornekleri lizerinde gerceklestirilen detayli genetik, sedimantolojik,
jeokimyasal ve kronolojik analizler ile elde edilen bitki 6rneklerinin ait
olduklar jeolojik donemlerde nasil bir cografyayla temsil edildikleri ve
ne gibi degisimler gegirdikleri agiga ¢ikarilabilmektedir. Goller, kiyilar
farkli noktalardan gelen ¢okeltiler ile siirekli beslendiginden eski tarihler-
den bu yana anoksik kosullarda korunan su ve karasal ¢evresel bilesenler
iceren tortu kaynaklaridir. GOl sedimentleri, gegmis zamanlarin bitki Ortii-
stinil iceren ve bu bitki tiirlerinin ve popiilasyonlarmin kdken, yayilis ve
zaman icinde gecirdikleri degisimleri anlamaya olanak saglayacak mole-
kiiler kayitlarin olusturulmasi agisindan zengin bir kaynaktir. Metabarkod-
lama yontemi kullanilarak, gollerden alinan sedimentlerden izole edilen
aDNA (sedaDNA) ile yapilan genetik analizlerde tekli numunelerden gok-
lu organizma gruplar kolaylikla tanimlanmistir ve buna ek olarak klasik
polen ve makrofosil ¢aligmalarinda belirlenemeyen bitkilerin cins ve tiir
seviyesi a¢iga c¢ikarilmistir (Lydolph vd., 2005; Willerslev vd., 2007; An-
derson-Carpenter vd., 2011; Taberlet vd., 2012b; Boessenkool vd., 2013;
Alsos vd., 2015, 2016). Farkli ¢aligma gruplan tarafindan gergeklestirilen
sedaDNA calismalarinda gollerdeki sedimentlerden izole edilen DNA’nin
polenlerden daha ¢ok makrofosillerin DNA’sina benzedigi agiga ¢ikaril-
mustir. Elde edilen sonuglar sedaDNA analizlerinde acgiga ¢ikarilan takson-
larin ¢gogunlugunun mevcut bolgedeki floray1 temsil ettigini gdstermistir.
Sediment ornekleriyle metabarkod ve metagenomik analizlerin yapilmasi
gecmis zamanlarda yerel vejetasyonu temsil eden tiirlerin agiga ¢ikarilmasi
ve bitki Ortiisiiniin, 6zellikle de kiiltiire alinmis bitki tiirlerinin, gecmisteki
farkli zaman dilimlerinden gliniimiize kiiltiirel, ¢evresel ve iklimsel degi-
siklikler sonucu ge¢irdigi degisimlerin anlasilmasina ¢ok biiyiik bir katki
saglamigtir (Boessenkool vd., 2013; Parducci vd. 2015; Alsos vd., 2015).

4. Tiirkiye’de antik bitki DNA calismalar

Tiirkiye, antik DNA (aDNA) caligmalari i¢in bol miktarda hayvan ve
bitki materyali saglayan arkeolojik sit alanlar1 bakimindan oldukca zen-
gin bir iilkedir. Farkli kazi alanlarindan elde edilen arkeobotanik kayitlar,
Anadolu’da hangi bitki tiirlerin kiiltiire alindigiyla ilgili ipuglart vermekte-
dir. Tirkiye’de ¢ok sayida gerceklestirilen arkeolojik kazilardan elde edi-
len bitki drnekleri arkeobotanik alaninda yapilacak olan aragtirmalar igin
onemli bir kaynak saglasada ¢aligsmalarin ¢ogu yabanci bilim insanlarinin
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olusturdugu gruplar tarafindan yapilmaktadir. Bilgi¢ vd. (2016) Catalhd-
yiik ve Tiirkiye’ nin diger arkeolojik bolgelerinden ¢ikarilan komiirlesmis
bugday tohumlarindan DNA izole edip, gluten protein lokuslarim ¢ogalta-
rak antik bugday tanelerini modern akrabalariyla karsilastirmislardir. Bu
tohumlar genetik olarak calisilan en yash antik tohumlar olup (yaklasik
olarak 8400 yasinda) hexaploid bugday tiirlerine (7. aestivum, T. spelta)
benzerlik gdstermislerdir. Anadolu’da Diyarbakir Karacadag bdlgesinin
siyez bugdayinin yaklasik 10500 y1l dnce kiiltiire alindigi ilk bdlge oldugu
yapilan arkeobotanik ve genetik caligmalarla aciga ¢ikarilmigtir (Nesbitt,
1998b; Ozkan vd., 2002). Ciftci vd., (2019) Kaymake1 kaz1 alanindan ¢ika-
rilan ve morfolojik olarak bugday, arpa, nohut, burcak, {iziim olarak tanim-
lanan kdmiirlesmis bes tohumdan DNA izole ederek olduk¢a polimorfik ve
iyi korunmus 26S rDNA bélgesini ¢ogaltmistir. Elde edilen dizi analizi ile
morfolojik olarak tanimlanan tiirlerin genetik olarakta aym tiirler oldugu
belirlenmis ve ¢agdas akrabalariyla yiiksek diizeyde benzerlik gosterdigi
ve tiire gore farklilasan DNA baz degisimlerinin oldugu ortaya konmustur.

Degirmenci vd. (2022) Mersin Yumuktepe ve Istanbul Yenikap1 kazi
alanlarindan ¢ikarilan yaklasik 8000 yillik komiirlesmis bugday tohumla-
rindan antik DNA izole ederek bu tohumlarin intergenik (IGS) lokuslari-
n1 ¢ogaltmislardir. IGS lokusunun dizi verileri ¢alisilan antik tohumlarin
hexaploid (AABBDD) ekmeklik bugday olan Triticum aestivum tiiriine ait
oldugunu ve Neolitik donemde bu bugday tiirliniin tarimimin yapildigini
aciga ¢ikarmistir. Kazi alanlarimizdan ¢ikarilan arkeobotanik kalintilardan
(fosiller, komiirlesmis tohumlar, sediment) yiiksek oranda, kaliteli ve ¢o-
galtilabilir aDNA izole ederek palegoenetik aragtirmalarin yapilmasi agiga
cikarilan tiirlerin orjini, ilk kiiltiire alinmasi, yayilmasi ve giiniimiiz popu-
lasyonlariyla olan benzerlik ya da farkliliklariyla ilgili cok 6nemli sorulara
cevap verecektir. Arkeolojik materyallerden elde edilen aDNA tiir i¢i ve
tiirler arasi iliskileri ¢calismak, paleobotanik, etnobotanik, populasyon ge-
netigi ve filogenetik ¢aligmalar icin ¢ok 6nemli veriler sunacaktir. Ayrica
iilkemizdeki yerlesimlerin ve kiiltiirel gegmisin iizerinde dogal ortamin et-
kisinin ve bu yerlesimlerin ve kiiltiirlerin varligindan dogal ¢evrenin ne
sekilde etkilendiginin anlasilmasi bolgesel anlamda arkeolojik, tarihsel,
tarimsal, biyolojik ve jeolojik bir¢ok konuya katki saglayacaktir. Ayrica,
arkeolojik alanlardan ¢ikarilan antik materyallerde DNA’nin korunmasina
yol acan gevresel, biyolojik ve fiziksel kosullarin anlasilmasi, bitki DNA
bankalarinda bulunan genetik mirasimizi en iyi sekilde korumak i¢in stra-
tejiler gelistirmemize yardimci olacaktir.
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Giris

Insan saghg ve gelisimi iizerine etki eden gesitli faktorler mevcuttur.
Cevresel faktorler ve hayat tarzinin yaninda, beslenme sekli ve aligkanliklar
insanlarin yasam kalitesini belirler. Mikroorganizmalarin diyetle alinmasi
ve simbiyotik mikroorganizmalarin sindirim sisteminde gosterdigi faali-
yetler sonucunda hastaliklarin etki mekanizmalar degisiklik gosterir. Gii-
niimiizde, mikrobiyata ile insan saglig1 arasindaki iligkinin aydinlatilmasi
amaciyla yapilan ¢aligsmalar artmaktadir (Levy et al., 2017). Son yillarda
yapilan ¢calismalarda, insan viicudunda bulunan mikrobiyotanin gesitli has-
taliklardaki rolleri arastirilmaktadir. Klinik olarak bilinen tek rutin tedavi,
Clostridium difficile enfeksiyonlarma kars1 yapilmaktadir. Kommensal
bakterilerin direkt olarak insan viicudunda fonksiyonel olarak aktif olmas1
ve bununla birlikte, salgiladiklar1 molekiillerin viicut dongiisiine karisarak
insan fizyolojisi ve hastalik olusturulmasi iizerine etkileri nedeniyle, mik-
roorganizmalar tarafindan olusturulan molekiillerin terapdtik ozellikleri
merak konusu olmustur (Thaiss & Elinav, 2017). Bu metabolitler bakte-
riyel metabolizma iirtinii olduklar gibi, diyetle alinan besinlerin, sindirim
sisteminde bulunan mikroorganizmalar tarafindan islenmesi sonucu ortaya
cikmaktadir. Mikrobiyomun endokrin aktivitesi ve ¢ok sayida karmagik
hastaliga dahil olmasi, mikrobiyomun modiile ettigi metabolitleri yeni
tedavilerin gelistirilmesi i¢in ¢ekici bir hedef haline getirmistir. Bu bag-
lamda, genis bir konsantrasyon araliginda dogal olarak meydana gelme,
fonksiyonel pleiotropi, uygulama kolaylig1 ve doku biyoyararlanimi gibi
baz1 6zelliklerden dolay1 metabolit bazli tedavi ¢esitlerinde mikrobiyom
uygulamalar1 artmaktadir (Descamps et al., 2019).

Peptidler, proteinlerin sindirimi sonucu dogal olarak olusan mole-
kiiller olup, enzimatik sindirimle olugtugu gibi, kimyasal maddelerin kul-
lanimlar1 sonucunda sentetik olarak elde edilebilmektedir. Antibiyotige
direngli mikroorganizmalarin ¢ogalmasi nedeniyle antimikrobiyal peptid-
lerin lizerine yapilan arastirmalar artis gostermektedir. Elde edilen pep-
tidlerin, zararli mikroorganizmalarin zarlarina ve hiicre duvarlarina zarar
vermek suretiyle etki ettikleri tespit edilmistir. Bu biyoaktif peptidlerin ay-
rica biyofilm olusumunun engellenmesinde rol oynadiklar1 bilinmektedir
(Souza et al., 2020). Biyoaktif peptidlerin insan saglig1 ve hastaliklarin iyi-
lestirilmesi amaciyla kullanilabilirlikleri iizerine yapilan ¢alismalar umut
vericidir. Peptidlerin fonksiyonlarini yapisal olarak i¢cerdigi amino asitlerin
dizilimi etkiler. Cogunlukla 2-20 amino asit uzunlugunda olan peptidlerin
giincel ¢alismalar sonucunda daha uzun yapiya sahip olduklar1 da belirlen-
mistir (Yada 2017). Enzimatik olarak hidroliz olan peptidler aktif hale gelir
ve gesitli fizyolojik fonksiyonlarda gorev alirken, sentetik olarak iiretilen
peptidler es sekansi ile birlikte iken normal sartlar altinda inaktif halde
bulunurlar (Okasha, 2020).
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Biyoaktif peptidler sentetik ve dogal peptidler olmak iizere iki gruba
ayrilir. Sentetik peptidler (ribozomal olmayan, nonribozomal) kapsamli bir
sekilde modifiye edilir ve esas olarak glikopeptidler, gramisidinler, basit-
rasinler ve polimiksinler igeren bakteri suslar tarafindan tretilir. Dogal
(ribozomal) peptidler, tiim mantar ve bakteri tiirleri tarafindan iiretilir ve
bu organizmalarin birincil savunma hattinda dnemli bir rol oynar (Saleem
et al., 2007). Sentetik antimikrobiyal peptidler, sentetik biyoaktif peptid-
lere 6rnek olarak gosterilebilir. Antibiyotik kullaniminin yayginlagmasi ve
gereginden fazla kullanim1 sonucunda, direngli bakterilerin gelismesi ne-
deniyle daha etkin ve spesifik yapiya sahip antimikrobiyal ilaglar aragtiril-
maktadir (Souza et al. 2020).

Biyoaktif peptidler canlilarin fonksiyonlari {izerine olumlu etkileri bu-
lunan protein pargalaridir. Antimikrobiyal, antiviral ve antitiimor etkileri
bulunmakla birlikte, hemen hemen tiim yasam tiirleri tarafindan sentezlen-
mektedir. Peptidler kolaylikla sentezlenebildikleri gibi, pek cok hastalik
karsisinda istenen sekilde iyilestirici etkiyi elde etmek amaciyla optimize
edilebilirler. Daha saf formda ve biiylik miktarlarda {iretim imkan1 oldu-
gundan, ticari liretimlerine olan ilgi artmaktadir. Bunun yaninda, gida pa-
ketleme tekniklerinde bozulmanin 6nlenmesi amaciyla peptidlerden fayda-
lanilmaktadir (Perez et al. 2012).

Bilim insanlart uzun siiredir yaptiklart ¢alismalarda, énemli viicut
fonksiyonlarinin yerine getirilmesinde goérevli olan hormonlarin {izerin-
de peptidlerin diizenleyici etkilerinin bulundugunu bildirmislerdir. Anti-
oksidan, antienflamatuar, antihipertansif, sitomoldiilatér, antiobezite gibi
onemli etkileri sebebiyle peptidlerin etki mekanizmalari arastirilmaktadir
(Sanchez & Vazquez, 2017). Peptidler pek ¢ok hastaliga karsi, kimyasal
terapotiklerle kiyas edildiginde daha efektif, secici, giivenilir ve istenen
terapotik etkilere sahip olarak sentezlenebilmektedir. Denizel organizma-
lardan 6zellikle alglerden elde edilen bazi peptidler Diinya Gida ve Tarim
Orgiitii tarafindan onaylanmistir. Doga, yasayan tiirlerin ¢ogunda ifade
edilen ¢esitli peptidler saglar. Evrimsel baski ve dogal se¢ilim, bu pep-
titleri yiiksek afiniteli reseptorlere baglanmak tlizere degisiklige ugratmis
ve optimize etmistir. Deniz kokenli peptidler, basit solvent ekstraksiyon
teknikleriyle ekstrakte edilebilir. Analitik tekniklerin ilerlemesi, dogal
kaynaklardan saf peptidlerin elde edilmesine olanak sunmustur. Ekstrak-
te edilen peptidler, antibakteriyel, antifungal, antidiyabetik ve antikanser
aktivitenin yani sira, kardiyovaskiiler ve norotoksin aktivite dahil olmak
lizere ¢ok c¢esitli hastaliklar i¢in olasi terapdtik ajanlar olarak degerlendi-
rilmektedir. Deniz kdkenli kaynaklar ¢ok sayida muhtemel peptid sagla-
masina ragmen, elde edilen sadece birka¢ deniz kokenli peptid farmasotik
pazarina ulagsmistir (Sable et al., 2017). Bu 6zelliklerinden dolay1 terapotik
amagli kullanilan peptidler iizerinde yapilan ¢aligsmalar ve ticari iiretimleri
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artis gostermektedir (Mandal et al., 2023).

Biyoaktif Peptid Kaynaklar

Biyoaktif peptidler, protein kaynaklarinin enzimatik hidrolizi ile veya
mikrobiyal kiiltiirlerle kombinasyonlarinin starter kiiltiir olarak kullanil-
dig1 fermentasyon yontemi ile tiretilebilmektedir (Korhonen and Pihlanto
2006). Biyoaktif peptidler bitkiler, hayvanlar ve mikroorganizmalardan
elde edilebilmekte ve kaynagina gore farkli fonksiyonlar gdsterebilmekte-
dir. In-vivo ve in-vitro galismalarda hayvansal veya bitkisel biyoaktif pep-
tidlerin regiilatdr fonksiyonlarina sahip oldugu bilinmektedir. Kan basinci-
ni diisiiriicti (Angiotensin Converting Enzyme, ACE inhibitorii), kolesterol
diistirtici, antitrombotik, antioksidan ve antimikrobiyal etkiye sahip, mi-
neral emilimini ve dolayisiyla biyoyararlanimi artiran, sitomodiilatdr ve
immunomodiilator 6zellikte pek cok gida kaynakli biyoaktif peptid bulun-
maktadir. Hipertansiyon, diinya niifusunun biiyiik bir boliimiinde goriilen,
kardiyovaskiiler hastaliklara sebep olan bir rahatsizliktir. Anjiyotensin do-
nistiirticii enzim (ACE), dipeptid yapida bir karboksipeptidazdir ve anjiyo-
tensinin vazokonsriiktor anjiyotensine doniistimiinii katalizler. Bu islevi ile
kan basmcinin ayarlanmasi ve memelilerde tuz dengesinin saglanmasinda
gorev alir. Ik olarak yilan zehrinde tespit edilen ACE inhibitdrii peptidler,
daha sonra cesitli gidalarin 6zellikle siit, balik ve etten izole edilmistir.
ACE inhibitorii peptidler genellikle kisa zincirli yapiya sahiptir (Ondetti
et al. 1977; Fuglsang et al. 2003). Gida kaynakl ticari tiretimi olan pep-
tidlerin basinda siit ve siit lirlinlerinden elde edilen peptidler gelmektedir.
(Hartmann & Meisel, 2007). En ¢ok calisilan peptidler laktoferrisinlerdir
ve s1g1r ve insan laktoferrinlerinden tiirevlenirler. Antimikrobiyal peptidler
Gram pozitif ve Gram negatif bakteriler lizerine, mayalar ve funguslar {ize-
rinde etkilidirler (Rizzello et al. 2005; McCann et al. 2006).

Normal biiyiime ve bakim i¢in mevcut protein icerigini etkileyen bes-
lenme gereksinimlerinin 6tesinde fizyolojik 6neme sahip, biyolojik olarak
aktif gida proteinlerinin birgok 6rnegi bulunmaktadir. Cesitli gida protein
kaynaklarindan proteaz aktivitesi ile tliretilen bir¢ok fizyolojik olarak aktif
peptid vardir; ancak yapisal 6zellikler ile fonksiyonel aktiviteler arasindaki
iligkiler tam olarak agiklanamamustir. Birgok biyoaktif peptid, prolin, lizin
veya arginin gruplarma ek olarak hidrofobik amino asit gruplarina sahip
olan nispeten kisa bir peptit kalint1 uzunlugu (6rnegin 2-9 amino asit) ice-
ren ortak yapisal ozelliklere sahiptir (Kitts and Weiler 2003). Asagidaki
tabloda gidalardan elde edilen biyoaktif peptidlerden bazilar1 verilmistir
(Tablo 1).
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Tablo 1. Guda tiirevli bazi biyoaktif peptidler (Hartmann & Meisel, 2007)

Etki sekli Kokeni  Yazdirilan proteinler Referans
ACE inhibitori Soya Soya proteini Kodera and Nio (2006)
Balik Balik kas proteini Nagai et al. (2006)
Et Et kas proteini Vercruysse et al. (2005)
Siit a-LA, B-LG, 0-, B-CN  Murray and FitzGerald
Yumurta  Ovotransferrin (2007)
Ovalbumin Mizushima et al. (2004)
Lee et al. (2005)
Sitomodiilator Siit o-, B-CN Kampa et al. (1997)
Antimikrobiyal Yumurta  Ovotransferrin Mine and Kovac-Nolan
Lizozim (2006)
Siit Laktoferrin McCann et al. (2006)
Antitrombotik Siit o-CN Chabance et al. (1995)
Mineral baglama Siit a-, B-CN Walker et al. (2006)
Immunomodiilatér  Piring Piring albiimini Takahashi et al. (1994)
Yumurta  Ovalbumin Mine and Kovac-Nolan
Siit a-LA, B-LG, a-, B-CN  (2006)
Bugday  Bugday gluteni Meisel (2005)
Horiguchi et al. (2005)
Hipokolesterolemik Soya Glisinin Wang and de Mejia (2005)
Siit B-LG Nagaoka et al. (2001)
Antioksidan Balik Sardin kas1 Erdmann et al. (2006)
Bugday  Bugday germ proteini Zhu et al. (2006)
Stit o-LA, B-LG Hernandez-Ledesma et al.

(2005)

Hayvansal kaynaklardan sonra bitkisel biyoaktif peptidler baslica

peptid kaynaklar1 olarak bilinmektedir. Bugday (Kumagai 2010), soya
(Meinschmidt et al. 2016), piring (Selamassakul et al. 2016), kabak, sor-
gum (Moller et al. 2008) gibi bitkilerle birlikte deniz bitkileri de bitkisel
biyoaktif peptid iliretiminde kullanilmaktadir (Zhang et al. 2021).

Kronik bobrek sorunlarinin sonucunda olusan diyabet, hipertansiyon
gibi kronik rahatsizliklarin yol agtig1 komplikasyonlar sonucunda yiiksek
oranda oliimler gerceklesmektedir. Insan sindirim sisteminde bulunan
mikrobiyotanin patojenik degisimler gegirmesi nedeniyle liremik toksinle-
rin ki, baslica olarak indoksil siilfat, p-kresol siilfat ve trimetilamin-N-ok-
sit olusur. Diyetle birlikte alinan lifler (oligosakkaritler ve polisakkaritler),
polifenoller (kurkumin, antosiyaninler, katesinler ve resveratrol vb.) ve
biyoaktif peptidler sindirim sisteminde ve bagirsaklarda bulunan mikro-
biyota i¢in iyilestirici etki gostererek, bagirsak-bobrek ekseninde kronik
bobrek yetmezliginin dnlenmesinde veya rehabilitasyonunda olumlu etki
gosterir (Jian et al., 2023).

Denizde ve tatli sularda yasayan baliklar iizerine yapilan ¢calismalarda,
terapotik ve medikal uygulamalarda sentetik biyoaktif peptidlerin elde edi-
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lebilmesi amaciyla bu canlilarin molekiiler yapilar1 arastirilmistir. Balik-
lardan, kronik rahatsizliklardan olan obezite, yiiksek tansiyon ve diyabet
icin iyilestirici etkileri bulunan biyoaktif peptidler elde edilmistir (Prakash
Nirmal et al., 2023).

Bir diger biyoaktif peptid kaynagi boceklerdir. Son yillarda yapilan
arastirmalar sonucunda biyoaktif peptidlerin insanlar, ¢iftlik hayvanlar ve
bitkilerin gelisimleri iizerine faydali etkilere sebep olduklari tespit edil-
mistir. Ciftlik hayvanlariin ve ticari degeri olan bitkilerin, patojen orga-
nizmalar karsisinda biyoaktif peptidlerin koruyucu etki sagladiklari tespit
edilmistir ve bdceklerin sahip olduklari peptidler iizerine ¢alismalar yapil-
maktadir. Yenilebilir bocek tiirlerinden biyoaktif peptid tanilanmasi iize-
rine yapilan arastirmalar, antioksidan, anti anjiyotensin, antilipoksijenaz,
anti obezite gibi karakteristiklere sahip peptidlerin elde edildigini goster-
mektedir (Quah et al., 2023). Artan diinya niifusuna kars1t mevcut besin
kaynaklarinin yetersiz kalmasi ve pandemi, kuraklik, kiiresel 1sinma gibi
cevresel kisitlayici sartlarin olusmasi nedeniyle alternatif besin kaynakla-
rina ilgi artmistir (Tasar ve Canli Tagar, 2022). Protein igerigi bakimindan
yiiksek seviyeli besleyici 6zelligi bulunan yenilebilir bocekler, diinyanin
farkli bolgelerinde, 6zellikle Asya kitasinda bulunan iilkelerde uzun yillar-
dan beri gida katki maddesi, ¢erez veya sokak yemekleri seklinde yaygin
olarak tiiketilmektedir (Canli et al., 2013; Canli Tasar & Tasar, 2023; Tasar,
2022a). Bununla birlikte yapilan ¢alismalarda, farkl tiirlerden elde edilen
proteinlerin insan diyetine uygunlugu, toksisite, alerjik etki gibi biyolojik
olarak uyumluluklari arastirilmaktadir (Pan et al., 2022). Ulkemizin ce-
sitli illerinden toplanan bazi sucul bocek tiirlerinin de (Aykut et al., 2016,
2018, 2021; Aykut & Tasar 2018; Erman et al., 2018; Tasar, 2022b; Tasar,
2018a,b,c; Tasar, 2017a,b; Tasar, 2014a,b,c; Tasar & Mascagni 2014) yiik-
sek protein ve degerli peptid icerigine sahip olup-olmadigina dair ¢alisma-
larin yapilmasi diistiniilmektedir.

Opioid peptidler

Bu grupta bulunan peptidler 1970’li yillarin sonlarina dogru ilk ola-
rak bulunan gida tiirevli, “ekzorfinler” olarak adlandirilan peptidlerdir (Zi-
odrou et al. 1979). Yapisal olarak endorfinler ve enkefalinlerle benzerlik
gostererek, opioid reseptdrlerle iletisim kurarlar. Farmakolojik etki alanlari
morfin ve diger uyusturucu etkiye sahip agonist ilaglara benzemektedir.
Memelilerde boldur (Beaumont 1983, Lewis et al. 1983). Opioid peptid-
ler, endorfinler, enkefalinler ve dinorfinler olmak {izere ii¢ gruba ayrilir
(Cakict ve ark. 1987).

Opioid peptidlerin hipertansiyon iizerine etkileri arastirilmaktadir.
Kronik hipertansif durumlarda feokromasitoma olgularinda opioid peptid-
lerin diisiik miktarda oldugu, nadiren hipertansif krizi geciren hastalarda
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ise bu peptidlerin miktarinin yiiksek oldugu tespit edilmistir (Petersdorft et
al. 1984). Biyoaktif peptitler ayrica sindirim peptidazlarinin etkisine kars1
direnclidir. Anjiyotensin I doniistiiriicii enzim (ACE) inhibitorleri olarak
bilinen antihipertansif peptidler siit, misir ve balik protein kaynaklarmdan
elde edilmistir. Opioid aktiviteleri olan peptitler, pepsin ile sindirimin ar-
dindan bugday gliiteninden veya kazeinden elde edilir. Bugday ve siit gibi
gida proteinlerinden tiiretilen ekzorfinler veya opioid peptidler (6rn. ek-
sojen kaynaklar), amino terminalinde veya biyoaktif bolgede bulunan bir
tirozin kalintisi ile endojen opioid peptidlere benzer bir yapiya sahiptir.
Piring ve soya fasulyesi proteinlerinin triptik hidrolizatlarindan tiiretilen
immiinomodiilator peptidler, spesifik olmayan bagisiklik savunma sis-
temlerini tetikleyen siiperoksit anyonlarini (reaktif oksijen tiirleri, ROS)
uyarma gorevi goriir. Esansiyel yag asitlerinin peroksidasyonunu 6nleyen
antioksidan ozellikler, siit proteinlerinden tiiretilen peptidler i¢in de gdste-
rilmistir. Biyoaktif peptitleri izole etmek ve saflagtirmak i¢in tuzla ayirma
veya ¢Oziicli ekstraksiyonu kullanma yontemlerinin yerini alabilecek segici
kolon kromatografisi yontemleri gelistirmek i¢in ¢cok caba sarf edilmistir.
Buradaki gelismeler, biyoaktif peptidlerin minimum yikimla geri kazanil-
masini saglayacak ve boylece bu aktif peptidlerin fonksiyonel gidaya veya
spesifik nutrasotik uygulamalara geri dondiiriilerek kullanilmasina olanak
saglayacaktir (Kitts and Weiler 2003).

Peptid Uretiminde Kullanilan Yontemler ve Karsilasilan
Problemler

Peptidlerin iiretimi biyolojik aktivite sonucunda baglayan enzimatik
sindirim ile baslar. Sonugta olusan peptidler hidrolizat seklinde olabildi-
gi gibi saf olarak da sentezlenebilirler (Lafarga et al. 2016). Saflastirma
teknikleri, zaman alici, biyoinformatik iceren, kantitatif yap1 tabanli ve
biyoaktif peptidlerin miktarinin tahmin edildigi uzun bir seri islemi icer-
mektedir (Gu et al. 2011).

Biyoaktif peptidlerin hazirlanmasi esnasinda proteinin kapsami 6nem-
lidir. Enzimatik reaksiyonlar sonucunda olugan uzun siireli hidrolizasyon
asamalari, biyoaktivite fonksiyonlarinda azalmaya veya kayiplara neden
olur. Yabanil suslarla yapilan ¢alismalarda yeniden iiretim durumu garanti
edilemeyecegi igin biyoaktif peptidlerin miktarlarinin 6nceden belirlenme-
si pek miimkiin degildir (Daliri et al. 2018). Hidroliz iizerine, agirlikli ola-
rak 16sin, prolin, fenilalanin ve tirozin gibi hidrofobik amino asitler i¢eren
diisiik molekiiler agirlikli peptitlerin olusumu nedeniyle nihai iirline aci
bir tat verilir ve bu aciligin giderilmesi i¢in farkli teknikler gelistirilmistir
(Meinlschmidt et al. 2016). Diger yandan yiiksek basingli pisirme yon-
teminin ekzo ve endo peptidazlarin kombinasyonu yardimiyla, esansiyel
amino asitlerin kaybmin onlendigi bildirilmistir (Nishiwaki et al. 2002;
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Hou et al. 2011).

Yiiksek kimyasal yapiya sahip olan protein sentezi kompleks, zaman
alic1 ve pahal1 bir siirectir (Gogineni and Hamann 2018). Kisa yar1 dmiir-
leri (<2 saat) ve diisiik maksimum plazma konsantrasyonlar1 nedeniyle,
terapotik peptitlerin oral alimdan sonra insan kanindaki biyoyararlanimini
test etmek biiyiik bir zorluk teskil etmekte ve bu nedenle bu peptitlerin
artan biyoyararlanimi ile etkili taginimasini gelistirmek i¢in yeni stratejiler
gerektirmektedir. Bu nedenle yapilan in vitro ¢alismalar artis gostermek-
tedir (Uhlig et al. 2014). Yapilan arastirmalar sonucunda peptidlerin korun-
mast amactyla prob kuyruk kullanimi (Kaspar and Reichert 2013), laktam
kopriileri (Houston et al. 1996) ile veya peptid sekanslarinin sabitlenmesi
veya kesilmesi yollar1 kullanilmaktadir (Timmerman et al. 2007).

Ote yandan, peptidlerin uzun dmiirlii olmalarmi saglamak amaciyla
alblimin baglayic1 peptit elemanlarinin peptit omurgasina eklenmesi, al-
blimin baglayici antikor fragmanlarina konjugasyonu gibi yontemler kul-
lanilmaktadir (Knudsen 2010). Karsilagilan diger bir zorluk da isleyis sek-
lidir. Sindirim enzimlerinin oral formiilasyonlar yoluyla parcalanmas1 her
zaman miimkiin olmamaktadir. Sindirim enzimleri kiimelenme egilimin-
dedirler ve ayn1 zamanda diisiik zar gecirgenligine sahiptirler. Nazal sprey,
pulmoner, intradermal enjeksiyon ve topikal uygulamalar gibi alternatif
sistemler ve ayrica implante edilebilir cihazlar yoluyla uygulama, peptitle-
rin daha yiiksek etkinlik ve kabul edilebilir uyum ile uygun bir ilag formu
elde etmesine yardimci olabilir (Mandal et al. 2023).

Enzimatik Hidroliz ve Mikrobiyal Fermantasyon Yoluyla Peptid
Uretimi

Mikrobiyal peptidlerin iiretiminde fermantasyon yontemi uygulanir.
Bu amagla, mikroorganizmalarin iiretim ortaminin optimizasyonun ger-
ceklestirilebilmesi igin, besiyeri pH degeri, yetisme sicakligi, havalandir-
ma, ¢alkalama hizi1 gibi parametreler kullanilarak kisa siirede yiiksek ve-
rimli {irlin tiretimi amaglanir. Proteaz A, pepsin, tripsin, papin, pankreatin
gibi sindirimde kullanilan enzimlerden yararlanilarak peptidlerin {iretimle-
ri gergeklestirilir (Lassoued et al. 2015).

Proteolizisin yan1 sira, enzimler veya kimyasal parcalama ile mikro-
biyal suslarin salgiladig1 proteazlar protein iceren substratlar1 pargalarlar.
Fermentasyon teknigi, kimyasal olarak gerceklestirilen asit/baz tepkimele-
rine gore daha tercih edilebilir 6zelliktedir. Esansiyel amino asitlerin kayb1
ve cevre kirliligi kimyasal par¢alanmanin sebep oldugu baslica dezavan-
tajlardir Tadesse and Emire 2020). Fermantasyon teknigi, farkli protein
kaynaklarindan, 6zellikle siirli tiiketime sahip olanlardan ve/veya biyolo-
jik atiklardan biyoaktif peptidler hazirlamak i¢in umut verici bir yontem-
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dir. Bakteriler, farkli katalitik proteolitik enzim tiirlerinin potansiyel iire-
tim kaynagi olarak hizmet eder. Fermantasyon yoluyla biyoaktif peptidler
elde etmek icin kullanilan en yaygin cins Lactobacillus sp. ile Bacillus
sp.’dir. Mikrobiyal ¢esitlilik tizerine kapsamli aragtirmalar, kendine 6zgii
biyokimyasal 6zelliklere sahip ¢esitli farkli peptidazlarin kesfedilmesiyle
sonuclanmistir (Elfahri et al. 2016, Rai et al. 2016, Sanjukta and Rai 2016).

Ozellikle bakteriler, filamentdz funguslar ve mayalar biyoaktif peptid-
lerin iiretiminde etkin sekilde kullanilmaktadir (Garcia-Tejedor et al. 2015;
Giri et al. 2014, Lima et al. 2015). Diger yandan, bakteri ve maya veya
bakteri ve bakteri birlikte iiretimi (Co-cultivation) ile peptid iiretimleri-
nin arttig1 bildirilmistir (Bengoa et al. 2019). Fermentasyon sonucu elde
edilen siipernatan icerisinde bulunan daha kisa yapili peptid sekanslarinin
proteolitik enzimlerle hidroliz edilebilecegi bildirilmistir. Bu tiir yontem-
lerle iiretilen peptitlerin, terapétik faydalarla birlikte daha yiiksek diizeyde
biyoaktivite sergiledikleri bildirilmistir (Babini et al. 2017).

Peptidlerin Kullanildig:1 Cesitli Uygulamalar

Hesaplamali yaklagimlar, herhangi bir ana proteinden biyoaktif ol-
dugu bildirilen herhangi bir spesifik amino asit dizisine iligkin bilgilere
erismeyi miimkiin kilan birgok protein dizisi bilgisi i¢eren veritabanlarini
kullanir. Bilgisayar destekli bu ¢alismalarda yeni protein kaynaklarindan
veya kullanici tanimli sekanslardan elde edilen peptidlerin proteolitik ak-
siyonlar1 simiile edilmektedir. Bu uygulamanin yardimiyla, bilinmeyen
veya benzemeyen protein kaynaklarindan bilinen peptidlerin eldesi miim-
kiin olmaktadir. Yapilan aragtirmalarda biyoaktif peptidlerin in vitro ve in
vivo ¢alismalarda tanimlanmasinda bu yontemin kullanildigi bildirilmigtir
(O’Brien et al. 2019; Tu et al. 2018).

Peptidlerin biyoaktivitesini ortaya c¢ikarmak i¢in sadece bilgisayar
destekli hesaplama yontemlerinin kullanilmasi basit goriinmektedir, ancak
enzimatik sindirim simiilasyonundan tahmin edilen tiim peptitler aktif ol-
mayabilir veya in vitro veya in vivo test edildikten sonra istenen aktiviteyi
sergileyemeyebilir. Bu nedenle bir¢ok arastirmaci, test edilen kaynaktan
daha az konsantre ancak giiclii peptitleri belirlemek i¢cin HPLC-MS ve-
rilerini farkli veritabanlariyla karsilastirir. Bu sekilde bilgisayar destekli
uygulamalarla hibrit uygulamalar yaygin bir sekilde kullanilmaktadir (Sa-
gardia et al. 2013).

Mikrobiyal Peptidlerin Terapotik Ozellikleri

Uzun yillardan beri biyolojik peptidler ila¢ olarak kullanilmaktadir.
Stabilitesi, spesifitesi ve nanomolar konsantrasyonlardaki fonksiyonlarina
erigilebilirlik 6zellikleri nedeniyle klinik uygulamalarda biyoaktif peptid-
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ler siklikla kullanilir (Gogineni and Hamann 2018). Amino asit kompo-
zisyonu, hidrofobik ve hidrofilik karakteristikler N- ve C- terminal ami-
no asit ¢esidi, peptidin uzunlugu ve amino asit kapasitesi gibi 6zellikler
bir peptidin karakteristik yapisim olusturur (Cotter et al. 2013). Ornegin,
diisiik molekiiler agirlikli peptidler (<lkDa), bugday proteinlerinin hid-
rolizasyonunda daha uzun peptid fraksiyonlarina goére 6nemli bir Fe+2
iyonunu selatlama (kenetleme, baglama) aktivitesi gostermektedir. Diger
yandan kasein hidrolizatlarinin >3000kDa biiyiik fraksiyonlarindan ortaya
cikan peptidlerin, Lactobacillus bulgaricus ve Streptococcus thermophilus
tiirti bakterilerin prebiyotik etkisini zorlastirdig1 bildirilmistir. Bir peptid
sadece, fizyolojik diizeyde faydali, 6l¢iilebilir bir biyolojik etki sagladigin-
da, biyoaktif olarak kabul edilir. Bununla birlikte, herhangi bir zararl etki
gostermemesi beklenmektedir (O’Loughlin et al. 2014; Zhang et al. 2011;
Moller et al. 2008).

Prebiyotik ajanlar, sayisiz probiyotik organizmanin gelisimini ve
hayatta kalmasini diizenler (Yu et al. 2016). Mikroorganizmalardan elde
edilen cesitli biyoaktif peptidler ve proteinler bu etkilerini probiyotikler
iizerinde gostermistir (Ibrahim and Bezkorovainy 1994; Oda et al. 2013).
Secilmis Lactobacillus helveticus suslar tarafindan siitten salinan biyoak-
tif peptitler, sitokinlerin {iretimi iizerinde pro- ve anti-inflamatuar etkilere
sahip uyarici etki yaparak immiinomodiilator etkilere neden olur (Elfahri
et al. 2014). Bacillus sp. P7 tarafindan sig1r siitiinden elde edilen hidroli-
zatlardaki biyoaktif peptidlerin antioksidan aktivite gosterdigi ve Bacillus
cereus, Corynebacterium fimi, Aspergillus fumigatus ve Penicillium ex-
pansum lizerine antimikrobiyal aktivite gosterdigi bildirilmistir (Correa et
al. 2011).

Kizil Deniz’de 1500-2500 m derinliklrden izole edilen Chromohalo-
bacter salexigens, Halomonas meridiana (P3-37B), Chromohalobacter is-
raelensis (K18), ve Idiomarina loihiensis (P3-37C) mikrobiyal ekstrakla-
rinda yapilan incelemeler neticesinde, C. salexigens ekstraktinin apoptozu
tesvik ettigi ve test edilen kanser hiicrelerinin>%70 oraninda yiiksek apop-
toz gosterdigi bildirilmistir. Yapilan bir bagka calismada 137 farkli lak-
tobasil bakterisi izole edilmis ve proteolitik aktiviteleri ile antibakteriyel
aktiviteleri izlenmistir. Sonug olarak, elde edilen antibakteriyel aktivitele-
rin endiistride yaygin sekilde kullanildig: bildirilmistir (Sagar et al. 2013).

Fungal kaynaklardan elde edilen peptidlerin genellikle sitotoksik,
antimikrobiyal ve antiviral aktiviteleri, anti-enflamatuvar 6zellikleri, an-
tidiyabetik fonksiyonlar1 ve lipid azaltici aktiviteleri arastirilmaktadir
(Youssef et al. 2019). Deniz kaynakli fungal mikroorganizmalarin iirettigi
biyoaktif peptidler ve proteinlerinin, sentetik yapidaki ilaglara oranla mi-
nimal insan toksisitesine ve yan etkilere sebep oldugu bildirilmistir. De-
niz kokenli (marine) funguslardan olan Aspergillus terreus tirii fungusun
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tirettigi «terrelumamid» adi verilen lumazin peptidlerinin HIN1 ve H3N2
domuz gribi viriisleri tizerine inhibitor etki olusturdugu belirtilmistir. Yine
deniz kokenli bir fungus olan Talaromyces sp. Tarafindan iiretilen talarolid
A-D peptidinin, antibakteriyel aktiviteye sahip oldugu bilinmektedir (You
etal. 2015).

Mayalar, proteinden zengin yapiya sahip olduklar i¢in biyoaktif pep-
tid tiretimi agisindan 6nemli bir kaynaktir. Proteolitik aktiviteleri ile an-
timikrobiyal, aktioksidan ve ACE-inhibitor etkiye sahip peptidleri vardir
(Mirzaei et al. 2021). Seker kamisinin ekmek mayas1 Saccharomyces cere-
visiae tarafindan enzimatik hidrolizi sonucunda (ticari ad1 Viscozyme) ve
antianemik etkiye sahip demir baglayici peptidlerin iiretimi gerceklestiril-
mektedir (De la Hoz et al. 2014).

1. Bakteriyel Peptidler

Prebiyotik ajanlar gesitli probiyotik organizmanin gelisimini diizenler
ve biyoaktif peptidlerle birlikte fonksiyonel etkilere sebep olur (Yu et al.
2016). Secilmis Lactobacillus helveticus suslari tarafindan siitten salinan
biyoaktif peptitler, sitokinlerin iiretimi {izerinde pro- ve anti-inflamatuar
etkilere sahip uyarici etki yaparak immiinomodiilator etkilere neden olur
(Elfahri et al. 2014).

Bakteriyosinler, benzer veya yakindan iliskili bakteri suslarinin biiyii-
mesini engelleyen, bakteriler tarafindan tiretilen ribozomal olarak sentez-
lenmis antibakteriyel peptitlerdir. Cok cesitli bakterilerden elde edilen ¢ok
sayida bakteriyosin kesfedilmis ve bunlarin farkl yapilari rapor edilmistir.
Bakteriyosinler, gida ve ilag¢ endiistrilerinde gida bozulmasini ve patojenik
bakteri liremesini Onlemek igin etkili bir bilesik olarak kabul edilir. Bu-
nunla birlikte, biyosentezlerinin aydinlatilmasi, bakteriyosin kontrollii gen
ekspresyon sistemlerinin ve bir bakteriyosin smifi olan lantibiyotiklerin
biyosentetik enzimlerinin yeni peptidler tasarlama araglar olarak kullanil-
masina yol agmistir (Nishie et al. 2012). Klasik propionibakteriler, biyo-
lojik aktiviteleri esdeger olmayan ve halka agik veritabanlarinda homolog
sekanslar1 olmayan, genetik olarak benzersiz antimikrobiyal peptidler {ire-
tir. Propionisin T1 peptidi Propionibacterium freudenreichii disinda test
edilen tiim propionibakteri tiirlerine kars1 bakterisidal etki gosteren gercek
bir bakteriyosin drnegidir. Propionisin F, tiir i¢i bir bakterisidal inhibisyon
spektrumu sergileyen negatif yiiklii bir bakteriyosindir (Faye et al. 2011).

Antibiyotiklerin gelistirilmesinde uygulanan mevcut yontemler, anti-
mikrobiyal direncin artmasiyla yetersiz kaldigindan, bu zorlugun asilmasi
amaciyla yeni ve yenilikgi teknolojiler gereklidir. Bu baglamda biyoaktif
peptidlerin iizerine yapilan arastirmalar biiyilk 6nem tagimaktadir. Yapi-
lan bir ¢alismada, Enterococcus faecalis pPD1’den bakteriyosin Bac-21’in
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tanmimlanmasi yoluyla bakteri kaynakli biyoaktif peptitlerin tespiti tizeri-
ne sonuglar elde edilmistir. Bakteri asilanmis agar difiizyon deneylerinin
uygulanmasi ve peptit kitapliklarinin istege bagh sindirimi dahil olmak
tizere bazi modifikasyonlar yapilmistir (Kirkpatrick et al. 2018). Farkli
bir ¢alismada bildirildigine gore, Kizil Deniz’de 1500-2500 m derinlik-
lerden izole edilen Chromohalobacter salexigens, Halomonas meridiana
(P3-37B), Chromohalobacter israelensis (K18), ve Idiomarina loihiensis
(P3-37C) mikrobiyal ekstraklarinda yapilan incelemeler neticesinde, C.
salexigens ekstraktinin apoptozu tesvik ettigi ve test edilen kanser hiicrele-
rinin >%70 oraninda yiiksek apoptoz gostermistir (Sagar et al. 2013). Bak-
terilerde mevcut antimikrobiyal molekiillere kars1 direng artmasiyla yeni
antimikrobiyal molekiiller gelistirilmekte ve arastirilmaktadir. Yeni nesil
antibiyotik adaylar olabilecek antimikrobiyal peptidler bu nedenle biiyiik
onem tasimaktadir. Okaryotlarda, bagisiklik sisteminin bir pargasi olarak
sentezlenirler (Yazici et al. 2018).

Staphylococcus warneri KL-1 ile yapilan bir arastirmada, ¢evresel
parametrelerin antibakteriyel peptid {iretimi lizerine etkileri incelenmistir.
Bu amagla, bakterinin biiylime hiz1 ve besiyerinin havalandirma derecesi-
nin peptid tiretimi tizerine etkili oldugu bildirilmistir. En yiiksek antibakte-
riyel aktivitenin, beslemeli kesikli kiiltiir ile gerceklestirilen iiretim sonucu
elde edildigi tespit edilmistir. Olusan peptid molekiilii ti¢ boyutlu olarak in-
celenmis ve molekiiler yapisi gosterilmistir. Sonug olarak elde edilen pep-
tidin bir Sinif I lantibiyotik oldugu bulunmustur (Polyudova et al. 2017).

Laktik asit bakterilerinden bakteriyosin iiretimi, farkli endiistriyel uy-
gulamalarda susun faydasini arttirdigi i¢in 6nemli olarak kabul edilmistir.
Bakteriyosin iireten laktik asit bakterilerinin, kendilerini hedef mikrobi-
yal nige kolayca yerlestirebildikleri ve bu sekilde gida fermantasyonu ve/
veya probiyotik suslarinda daha etkili baglatici kiiltiirler olduklari i¢in daha
yiiksek bakteri uygunluguna sahip olduklar1 diigiiniilmektedir. Yeni susla-
rin ortak noktasi, enerjilerini tiiketmeden ¢ok sayida bakteriyosin iiretme
gibi olaganiistii bir basariya ulagmalarin1 saglayan biyosentetik siiregteki
baz1 elementlerin dikkate deger bir sekilde paylasilmasidir. Biyosentetik
enzimlerin ayn1 kokenli bakteriyosinlere 6zgii oldugu seklindeki yaygin
anlayigin aksine, ¢oklu bakteriyosin iireten suslar, coklu bakteriyosinle-
ri arasinda ortak biyosentetik elementler kullanir. Cekirdek algilayan ii¢
bilesenli diizenleyici sistem, bakteriyosin olgunlagmasi ve tagima meka-
nizmalari, bu suglardaki ¢oklu bakteriyosinler arasinda paylasilir. Bununla
birlikte, yeni suslarin uygulama potansiyellerinin yiiksek olmalar1 sonu-
cunda, potansiyel viriilanslar1 ve patojeniteleri agisindan giivenliklerinin
kapsaml1 genotipik karakterizasyon yoluyla dogrulanmasi gerekir (Perez
et al. 2022).
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Coklu ilag kullaniminda ortaya ¢ikan direngli bakterilerin sebep oldu-
gu enfeksiyonlarin tedavisinde uygulanan yontemlerden olan antibiyofilm
ve antibakteriyel bilesiklerinin izolasyonu iizerine yapilan bir aragtirmada,
topraktan izole edilen bakteriler tarafindan sentezlenen pigmentlerin, an-
tibakteriyel ve antibiyofilm aktiviteleri test edilmistir. Bir Gram pozitif ve
aerobik bakteri cinsi olan Rhodococcus sp. tarafinan iiretilen pigmentlerin,
patojenik bakteri tiirlerinden olan P. aeruginosa ve E. coli karsisinda kuv-
vetli bir antibakteriyel ajan olarak etki gosterdigi bildirilmistir (Cobanoglu
and Yazici 2022).

2. Fungal peptidler

Fungal kaynaklardan elde edilen peptidlerin genellikle sitotoksik, an-
timikrobiyal ve antiviral aktiviteleri, anti-enflamatuvar 6zellikleri, antidi-
yabetik fonksiyonlar1 ve lipid azaltict aktiviteleri arastirilmaktadir. Deniz
kaynakli fungal mikroorganizmalarim tirettigi biyoaktif peptidler ve prote-
inlerinin, sentetik yapidaki ilaglara oranla minimal insan toksisitesine ve
yan etkilere sebep oldugu bildirilmistir (Youssef et al. 2019).

Kronik rahatsizliklarin baginda gelen hipertansiyonun olumsuz etki-
lerinin azaltilmasi i¢in diyet destekli yasaklasimlar saglikli bir hayat i¢in
kacinilmazdir. Yapilan bir ¢aligmada, kuru kiitlesinin %40°1 biyoaktif pep-
tidlere hidrolize edilebilen kullanilmig bira mayasinin, ACE inhibisyonu
ve antioksidan aktivitesi hipertansif deney hayvanlari iizerinde in vivo
olarak arastirilmigtir. Elde edilen sonuglar dogrultusunda, maya ekstrakti-
nin, antioksidan etki ile birlikte hipertansiyonun yonetimi ve tedavisi igin
nutrasotik veya fonksiyonel bir gida bileseni olarak potansiyel kullanimi
vurgulanmistir (Amorim et al. 2019).

Fungal peptidlerle ilgili diger bir aragtirmada, iki yeni lumazin igeren
peptit olan Terrelumamides A (1) ve B (2), denizden tiiretilen Aspergil-
lus terreus mantarinin kiiltiir sivisindan izole edilerek; kombine spektros-
kopik ve kimyasal analizlerin sonuglarindan, bu bilesiklerin yapilarinin,
1-metillumazin-6-karboksilik asit, bir amino asit kalintis1 ve antranilik asit
metil esterin peptit baglariyla bagli dogrusal diizenekleri oldugu belirlen-
mistir. Bu yeni bilesiklerin, insan kemik iligi mezenkimal kok hiicreleri
kullanilarak bir adipogenez modelinde degerlendirilen insiilin duyarliligini
iyilestirerek farmakolojik aktivite sergiledigi tespit edilmistir. Ek olarak
bilesikler, DNA’ya baglandiklarinda fliioresans degisiklikleri sergilediler
ve bu da onlarin DNA dizisi tamimaya ydnelik potansiyel uygulamalarini
gostermistir. Deniz kokenli (marine) funguslardan olan Aspergillus terreus
tirti fungusun trettigi «terrelumamid» adi verilen lumazin peptidlerinin
HIN1 ve H3N2 viriisleri iizerine inhibitdr etki olusturdugu belirtilmigtir
(You et al. 2015).
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Yapilan bir caligmada bir Avustralya deniz tunikatindan tiiretilen man-
tar, Talaromyces sp. CMB-TUO11, kapsamli bir sekilde N-metillenmis 11-
12 kalintil1 yeni bir lineer peptid sinifi, talaropeptidler A-D (2-5) iiretmeye
yonelik kosullari ortaya ¢ikarmak icin UHPLC-QTOF profiliyle destekle-
nen bir analitik mikrobiyoreaktér (MATRIX) yetistirme programina tabi
tutulmustur. Mutlak konfigiirasyonlar dahil olmak {izere 2-5 i¢in yapilar,
ayrintilt spektroskopik ve kimyasal analizlerinin bir kombinasyonu ile
belirlenerek, plazma stabilitesinin yani sira antibakteriyel, antifungal ve
hiicre sitotoksisitesi dahil olmak iizere 2-5’in biyolojik &zellikleri bildi-
rilmistir. Talaropeptid mega ribozomal olmayan peptit sentetazi (NRPS),
mantardan tiiretilen immiinosiipresan siklosporin (11 kalintili, genis Sl¢ii-
de N-metillenmis siklik peptit) i¢in olandan sadece ikinci boyut olarak tarif
edilmektedir (Dewapriya et al. 2018).

Funguslarin farkl tiirlerinin antibiyofilm polipeptid iiretim kapasite-
lerinin arastirilmasi amaciyla yapilan bir ¢aligmada, tarama amaciyla 120
adet fungus topraktan izole edilmistir. izolatlar arasinda en yiiksek antibi-
yofilm aktivitesine sahip olan tiiriin Aspergillus tubingensis A01 oldugu
tespit edilerek, elde edilen proteinin S. aureus’a karsi antimikrobiyal ve an-
tibiyofilm aktivitesi gosterdigi kanitlanmistir. Calismadan elde edilen so-
nuglar dogrultusunda, sitotoksisite eksikligi ile birlikte astusinin antimik-
robiyal ve antibiyofilm aktivitesinin, onu tipta uygulama icin bir alternatif
haline getirdigini gostermistir. Antibiyotiklere karsi mikroorganizmalar
tarafindan olusturulan direng, kiiresel bir sorundur ve antibiyotige direng-
li bakterilerin ortaya ¢cikmasi mevcut tedavi yaklagimlarinin terapétik et-
kilerini azaltmaktadir. Bu baglamda, antimikrobiyal peptitler, bakteriyel
enfeksiyonlarla, 6zellikle biyofilmle iligkili enfeksiyonlarla miicadelede
potansiyel ajanlar olarak 6ne ¢ikmaktadir (Yazici et al. 2021).

Ribozomal olarak sentezlenmis ve posttranslasyonel olarak modifiye
edilmis peptitler, giiclii biyolojik aktivitelere sahip dogal iiriinlerdir. Bu
peptidlerin ¢ekirdek iskeleleri, proteinojenik amino asitlerden olugmasina
ragmen, Oncil peptitlerin ¢eviri sonrasi modifikasyon yontemleri ile yapi-
sal gesitlilik tretilir. Amatoksinler ve omfalotinler, Basidiomycota man-
tarlar1 tarafindan tretilir. Bu bilesiklerin biyosentezinde sirasiyla prolil
oligopeptidaz homologlar tarafindan makrosiklizasyon ve omurga amid-
lerinin N-metilasyonlar1 karakterize edilmistir. Ustiloksinler ve ilgili bile-
sikler, karakteristik makrosiklik eterlere sahip baska bir gruptur (Ozaki et
al. 2023).

Yapilan bir ¢aligmada, yeni bir mantar kdkenli ribozomal olmayan
peptit-poliketid hibrit sentaz, yani CogA, Cordyceps gunnii mantarmdan
genom madenciligi ile kesfedilmistir. 4-hidroksil 2-pirolidinon alkaloidi
(1) enzim katalizli olmayan N-1-C-2 kapatma yoluyla sentezleme yetene-
g1, Aspergillus nidulans’ta heterolog ekspresyonu ile dogrulanmistir. Floro
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ikameli 2-pirolidinon alka-loid analoglarinin (4 ve 5) daha ileri diizeyde
tasarlanmis biyosentezi de in vivo olarak gergeklestirilmistir (Rao et al.
2023).

Mayalar, proteinden zengin yapiya sahip olduklari i¢in biyoaktif pep-
tid iiretimi agisindan 6nemli bir kaynaktir. Yapilan arastirmalardan elde
edilen bilgiler dogrultusunda maya orijinli peptidlerin, antioksidan, ACE
inhibitoril, antidiyabetik, ayrica kronik hastaliklarin 6nlenmesi ve bagi-
siklik tepkilerinin saglanmasi gibi fonksiyonlardan dolay1 oldukga etkin
bir yapida oldugu bilinmektedir. Ayrica maya hiicrelerinin, fermantasyon
siiregleri sirasindaki proteolitik aktiviteleri nedeniyle biyoaktif peptitle-
rin olusumuna ve biiylime sirasinda antimikrobiyal peptitlerin salinma-
sina katkida bulundugu bir gergektir. Maya ekstraktinin hazirlanmasi ve
karakteristigine iligkin raporlar giin gegtikce artmasina ragmen, biyoaktif
peptidlerin icerigine atfedilen maya ekstraktinin fonksiyonel 6zellikleri ve
iretim yontemlerine iliskin arastirmalar yeterli miktarda bulunmamakta-
dir. Maya hiicrelerinin biiylime ve fermantasyon siirecinde biyoaktif pep-
titlerin iiretimine katkisi iizerine yapilan aragtirmalar mevcut durumda de-
vam etmektedir. Bu baglamda, elde edilen maya kdkenli peptidler, iiretim
yontemleri, biyoaktivite, etki mekanizmasi ve ayrica yapi-islev iliskisi ve
tanimlanan peptidlerin stabilitesi hakkindaki 6nceki calismalar, gelecek
caligmalara yon gostermektedir. Sonug olarak, maya hiicreleri ve maya
ekstrakti, coklu iglevselliklere sahip biyoaktif peptitler liretmek i¢in biiytik
potansiyele sahiptir. Mayanin potansiyel saglik yararina iliskin mevcut bi-
limsel kanitlar, peptitlerin iiretim ve saflagtirma yontemlerinden etkilenen
biyoaktivitesi hakkinda ek arastirmalara duyulan ihtiyaci vurgulamaktadir.
Ayrica, biyoinformatik araglar, hayvan ve insan ¢alismalar1 yardimryla be-
lirli islevsellige sahip yeni peptit dizilerinin tahmin edilmesi ve tasarlan-
mast, bu bulgulari pratik ve piyasa uygulamalarina etkili bir sekilde kazan-
diracagi diisiiniilmektedir (Mirzaei et al. 2021).

Yapilan bir ¢aligmada, seker kamiginin ekmek mayasi olan Saccha-
romyces cerevisiae tarafindan enzimatik hidrolizi sonucunda (ticari adi
Viscozyme) ve antianemik etkiye sahip demir baglayici peptidlerin iireti-
mi gergeklestirilmigtir. Caligmada, demir selatlayici peptitler, immobilize
metal afinite kromatografisi kullanilarak izolasyon yapilmistir. Elde edilen
sonuglara gore, orijinal hidrolizatlardan daha yiiksek His, Lys ve Arg iceri-
&1 gosterdigi tespit edilmistir. Zayif demir ¢ozliniirliigiine ragmen, Viscoz-
yme’in hidrolizatlari, diger enzimlerinkinden daha yiiksek demir diyaliz-
lenebilirligi sagladigindan; daha fazla demir gselatinin veya kompleksinin
olustugu ve bunlarin, demiri in vitro simiile edilmis mide-bagirsak sindi-
rimi sirasinda sabit tutarak diyaliz edilebilirligini gelistirdigi sonucu elde
edilmistir (De la Hoz et al. 2014).
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Giri et al. (2012) tarafindan yapilan bir ¢alismada, Aspergillus oryzae
inokiile edilen Japon kojisinin, fermentasyon siiresi boyunca antioksidan
aktivitesi ve hidrolize etme yeteneginin degistigi bildirilmistir. Kullanilan
A. oryzae kiifiiniin fermentasyon yolu ile istavrit gibi daha az degerli olan
baliklardan elde edilen balik misosunun antioksidan aktivitesinin artiril-
masi ile daha yiiksek besin degerine sahip olabildigi tespit edilmistir. 4.
oryzae ayni zamanda Uzak Dogu yemek kiiltiiriinde piring, soya fasiilyesi,
patates ve tahillardaki nisastay1 sekere doniistiirerek sake, miso, sogu gibi
tirtinlerin iiretiminde kullanilir (Goffeau 2005).

Mikrobiyal kokenli biyoaktif peptidlerin ticari iiretimleri giderek ar-
tis gostermektedir. Farkli uygulamalarla gelistirilen etken maddelerden ve
iiretici mikroorganizmalardan bazilar1 asagidaki tabloda verilmistir (Tablo
2). Mikrobiyal fermentasyon teknikleri ile gerceklestirilen biyoaktif pep-
tidlerin tiretimi ve gelistirilmesi iizerine yapilan arastirmalar popiiler hale
gelmistir.

Tablo 2. Mikroorganizma kékenli bazi biyoaktif peptidler ve fonksiyonlari

Peptid Mikroorganizma Fonksiyon Kaynak

Alternariasin A Alternaria alternata  Antibakteriyel Guo et al. 2021

Diaporone A Diaporthe sp. Antibakteriyel- Guo et al. 2020
sitotoksik etki

Iturin A- Bacillus siamensis Antifungal Xuetal. 2018

Basillomisin F JFL15
Saroclides A ve B Sarocladium kiliense — Antiviral- yag azaltict ~ Guo et al. 2018

HDNI11-112 aktivite
Thiovarsolin Streptomyces Sitotoksik Santos-Aberturas
varsoviensis etal. 2019
DSM40346
VLL-28 Sulfolobus islandicus ~ Antifungal- Roscetto et al.
antibiyofilm 2018

Glinlimiizde insanlarin daha az yapay ve islenmis gidalara yonlenme-
si ve daha az toksisite ve/veya yan etki gosteren terapotik ajanlarin kul-
lanimina artan talep sonucunda, biyoaktif peptidler i¢in biiyiiyen bir pa-
zar s0z konusu olmustur. Dogal yollarla iiretilen ve insan viicuduna zarar
vermeyen proteinlerin alimi ile alerjik reaksiyonlarin olusumunda azalma
meydana gelmektedir (Korhonen and Pihlanto 2006). Gelecekte yapilmasi
muhtemel aragtirmalar neticesinde, biyoaktif peptidlerin farmakokinetik
ozelliklerinde iyilesme ve ila¢ tasima sistemlerinde hedef organa ulagma
konusunda daha basarili hale getirilmeleri beklenmektedir.
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Sabit oranl1 yiizeyler ve sabit oranli egriler ge¢tigimiz yirmi yil i¢inde
geometri alaninda 6nemli siniflandirmalar iginde yer almistir [8,9,10]. Bu
kavram ilk olarak Bang Yen Chen tarafindan tanitilmis, sonrasinda ise
Ozellikle sabit oranli egriler neredeyse tiim uzaylarda farkli ¢atilara gore
calisilmustir [4, 5,6, 7, 11, 12, 14, 19, 20].

S: (p(X, y): (X, y) eU (U c IE? ), n- boyutlu Minkowski uzayinda bir
yiizey olsun. Yizeyin pozisyon vektorii S’nin tegetsel bileseni ile S’nin
normal bileseninin toplami olarak diisiiniilebilir:

T N
P=¢ +¢ )
- T . N . . .
Eger ¢ nin normu ¢ nin normu arasinda bir oran var ise ele alinan

S: (p(x, y) ylizeyine sabit oranli yiizey denir [8,9]. {VI, v,, ...,Vn}, S

ylizeyinin ortonormal gatis1 olmak iizere, uzaklik fonksiyonu d = ||(p| nin
gradiyenti

n

grad(d)=>"v,(d)v, )

i=1

ile hesaplanir. Ayrica < R >L , IE] de tammli Lorentz i¢ ¢arpimi olmak

uzere

v (@)=t G)
ol

bagmtisim kullanarak (2) esitligi
S \Vis @

grad(d) = Z%Vi 4
i=1

haline gelir. Dolayisiyla, grad( d) nin normu
2
n V.,
a3 001) ©
i=1 0

dir. Son esitlige gore, bir yiizeyin sabit oranli olmasi1 demek

grad (d)=n, mnelR* (6)

anlamina gelir.



Fen Bilimleri & Matematikte Giincel Arastirmalar - Haziran 2023 - 53

Kanal yiizeyleri, tlip ylizeyleri, katenoid, agilabilir, regle yiizeyler gibi
bir¢ok yiizeyi icine alan Donel ylizeyler, yiizeyleri karakterize etmede
onemli bir role sahiptir. Ozel olarak, katenoid yiizeyi minimal olan tek
donel yiizeydir. Ayrica, bir acilabilir yiizey ise diiz olan tek donel donel
yiizeydir. Literatiirde, bu tiir yiizeylerle ilgili bir¢ok c¢aligma mevcuttur
[1,2,3,13,15,17].

Bu calismada, 3- boyutlu Minkowski uzayinda sabit oranli timelike donel
yiizeyleri ele aldik. ilk olarak Minkowski uzayinda iki farkli dénmeye
gore donel yiizeylerin parametrizasyonunu verdik. Sonrasinda, bu tip
ylizeylerin sabit oranli olmasi i¢in gerek ve yeter kosulu elde ettik. Buna

ek olarak, grad (d) = 0, grad (d) = 1 ve grad (d)zn saglanma
durumlarina gore yiizeyleri karakterize ettik. [16].

1.TEMEL KAVRAMLAR

3- boyutlu Minkowski uzayinda, r;,s,, r ve s vektor alanlarinin

1

bilesenleri olmak tizere Loretziyen i¢ ¢arpim
<r, s>L =TI,S, +1,8, —I;S; (7

ile verilir.
Keyfi segilen bir vektor sirastyla <r, r>L nin sifir, negatif ya da

pozitif olmasina gore, null, timelike ya da spacelike olarak adlandirilir.
r € IE; nin boyunu veren baginti

Jellylr, o) @®)

dir.
Ayrica, r ve s nin vektor ¢arpimi
i ] -k
IAqQ=IL L T €
S, S, S,

ile hesaplanir.

3- boyutlu Minkowski uzayinda, yukaridaki tanimlamaya benzer
sekilde, yiizeyler de null, timelike ve spacelike gibi ii¢ farkli kategoriye
ayrilir. Keyfi bir ylizey, tegetlerinden bir tanesi timelike oldugunda
timelike yiizey olarak bilinir [18].

S: (p(X, y): (X, y) eU (U c IEZ) Minkowski 3- uzayinda bir timelike
ylizey olsun. O halde, yiizeyi tanimlayan pozisyon vektori (1)
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esitligindeki gibi teget ve normal kisimlara ayrilabilir. T(S) teget uzayim
reten vektor alanlari @ ve ¢, olmak ftzere, birinci temel form

katsayilar1

E=(¢,,0,),
F=(0..0,) (10)

G =<(py, (py>

olarak tamimlidir. Bdylece, birinci temel form
I=E dx* +2F dxdy + G dy” (11)

L

olarak yazilir.

Yiizey timelike oldugundan, EG —F* <0 olup E ya da G negatif
olarak secilir. Dolayisiyla, bundan sonraki kullanimlar ig¢in

W =+F’> —EG olarak alalim. Buna ek olarak, ¢, ve ¢, dik
(ortogonal) yani F=0 ise

v, = (P@ (12)
v, = (T(y}| (13)
seklindedir.

IE’ de sirasiyla (1,0,0) ve (0,0,1) tarafindan iiretilen spacelike ve
1

timelike eksenlere gore iki farkli donme karsimiza c¢ikar. Donme
matrisleri

1 0 0
Rl(y): 0 coshy smnhy (14)
0 smhy coshy

cosy —siny O

R,(y)=|siny cosy 0 (15)
0 0 1

dir [16].
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2.MINKOWSKI 3- UZAYINDA SABIT ORANLI YUZEYLER

Tanmm: S: (p(x, y): (x, y) eU (U - IE2) 3- boyutlu Minkowski
uzaymnda bir yiizey olsun. Eger, d= ||(p|| uzaklik fonksiyonunun
gradiyenti,

grad (d)=n, mnelR’ (16)
kosulunu sagliyorsa, S yiizeyine IEI3 de sabit oranl yiizey denir [9].

Tanmimdan anlagilacagi tizere, grad (d) =M nin saglanmasi igin gerek
ve yeter kosul

o' =il an

dir. H(pTH < ||(p|| nin sonucu olarak m <1 dir diyebiliriz.

{VI,VZ,V3}, S nin ortonormal catisini temsil etsin. v,, @' ye
paralel olarak se¢ilebilir. Dolayisiyla

p=0 +o¢",
o =fv,, (18)
(PN =gV,

olarak yazilabilir. Eger S sabit oranli ise,
o™ =nlol (19)
dir. Boylece

. g=+1-1"|jg| (20)

f=nlo

olur.

2.1.Sabit Oranh Timelike 1 Tipinde Dénel Yiizeyler

Tanim: o:IcIR—>P, Minkowski 3- uzayinda
a(x)=(w,(x), w,(x),0) ile verilen bir diizlem egrisi ve L, (1,0,0)
tarafindan tretilen spacelike eksen olsun. Bu durumda o egrisinin L
ekseni etrafinda donmesiyle elde edilen S yiizeyine, IEf de 1 tipinde



56 * Sezgin BUYUKKUTUK

donel yiizey denir. Dolayisiyla (14) esitligindeki Rl(y) donme matrisini
kullanarak, S yiizeyi

(p(x, y) = (w1 (x), w,(x)coshy, w,(x)sinh y) 21
ile temsil edilir.

Teget uzay,
0. =(w) 60, w5 () coshy, w (o) snh v | (22)
@, =(0, w,(x) sinh y, w,(x) coshy) (23)

ile gerilir. Birinci temel form katsayilar
N 1N\2
GRS
F=0 (24)

G= _(Wz )2
dir.

N2 N2
EG -F* = —((Wl ) + (W2 ) j(w ,)’ oldugundan, S timelike
ylizeydir. (22), (23) ve (9) esitlikleri yardimiyla ylizeyin birim normali

n= ! (— wz'(x), wl'(x) coshy, wl’(x)sinh yj (25)

() ()

olarak elde edilir.

Simdi,
o=fv, +gv, (26)
bagintisin1 kullanalim. Birim vektor alanlart v, = P ve vV, =n ye

JE

denktir. (22) ve (25) i (26) esitliginde yerine koyarak
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(W, (), W, (x) coshy, w, (x)sinh y) = (W 0w ) coshy, w () sinh y )

() ()
+#(_Wzy(x),wlv(x)coshy,WIV(X)Sinh YJ

CRCS)

yazabiliriz. Bu esitlikten,

’

f w, coshy+gw, coshy
N2 N2
CORIES

fw, sinhy+gw, smhy

) ()

! !

fw, —gw,

(o) ()

buluruz. Boylece f ve g fonksiyonlarini

w, coshy =

b

W, sinh y =

! !

W, W, +W, W,

() ()

! !

g= W, W, =W, W, (28)

N2 N2
() (o)
olarak elde ederiz.
Teorem: S, (21) parametrizasyonu ile verilen bir donel yiizey olsun. S,

||grad (d)” = O olan bir sabit oranli yiizeydir ancak ve ancak IE; de bir

f= 27

kiireye karsilik gelir.

Ispat: S: (p(x, y) , |lgrad (d)” =0 ‘1saglayan (21) parametrizasyonu ile
verilen sabit oranli donel yiizey olsun. M =0 oldugundan (20)

esitliginden =0 dir. O halde,
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g= V11" flof = ol = y'w," +w," = sabit

dir. (27) ve (28) yardimiyla,

! !

w, W, +w,w, =0

/ !
W, W, =W, W,

(4

olup bu diferansiyel denklem sistemi

= ¢ = sabit

W, (X) =ccosx

w,(X)=csinx

¢Oziimiine sahiptir. Sonug olarak, S yiizeyi,

o(x,y) = (c.cosx, c.sin x.cosh y, c.sin x.sinh y)

parametrizasyonu ile verilen bir kiireye karsilik gelir.
Teorem: S, IEf de (21) parametrizasyonu ile verilen bir donel yiizey

olsun. S, |grad (d)” = lolan bir sabit oranli yiizeydir ancak ve ancak k

bir reel sabit olmak {izere

(p(x,y) = (w1 (x), w, (x)ek.cosh Y, W, (x)ek.sinh y)

parametrizasyonu ile verilen bir koniye karsilik gelir.

Ispat: S: (p(X, y) , |grad (d)” =1 ‘1 saglayan (21) parametrizasyonu ile

verilen sabit oranli doénel yiizey olsun. M =1 oldugundan (20)
esitliginden,

g=0, f:||(p||=w/w12 +W22

dir. (27) ve (28) yardimiyla,

! !

W, W, +W, W [ 2 2
1 1 2 2 — Wl +W2
1\ 2 1\ 2

’ !
w,w,-w,w, =0
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olup bu diferansiyel denklem sistemi
w,(x) =e* w,(x)
¢Oziimiine sahiptir.

Ornek: Ozel olarak, w,(x) =exp(x) =€* ve k=0 segerek S yiizeyini
Maple programinda ¢izdirebiliriz.

Sekil 1. Sabit oranli timelike donel yiizey

Teorem: S, IE13 de (21) parametrizasyonu ile verilen bir donel yiizey

olsun. S, ||grad (d)” =1, 0<mn<1 olan bir sabit oranl yiizeydir ancak

ve ancak
(p(x, y) = (wl (%), (L - (Wl, (x))2 dx}cosh y,[.Hl - (wlljz dx}sinh y

parametrizasyonuna sahiptir.

Ispat: S: (p(X, y) , |lgrad (d)” =M ‘1saglayan (21) parametrizasyonu ile

verilen sabit oranli donel yiizey olsun. Bu durumda, S nin pozisyon
vektoriiniin normu,

ol =m-x
bagmtisim saglar. Bu denklem ve (17) yardimiyla,

')
n.X

n,

N—
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f= H(pTH =n’.x (29)
bulunur. (27), (28) ve (29) u birlikte ele alarak,

! !

W, W, +W, W, 2

IS

olur ki bu,

2 2
VW, + W
d(\lwlerwzz) 1 z =n’.x,

seklinde bir ¢6ziime sahiptir.
2.2.Sabit Oranh Timelike 2 Tipinde Donel Yiizeyler

Tanim: a:IcIR—>P, Minkowski 3- uzayinda
OL(X)= (WZ(X), 0, WI(X)) ile verilen bir diizlem egrisi ve L, (0,0,1)
tarafindan iretilen timelike eksen olsun. Bu durumda o egrisinin L
ekseni etrafinda doénmesiyle elde edilen S yiizeyine, IE; de 2 tipinde
donel yiizey denir. Dolayisiyla (15) esitligindeki R, (y) donme matrisini
kullanarak, S yiizeyi

o(x,y) = (W, (x)cosy, w, (x)sin y, w,(x)) (30)
ile temsil edilir.

Teget uzay,
0. =(W: )cosy, w, (0sin v, w, () (1)

¢, = (— w,(X)siny, w,(x)cosy, 0) (32)
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ile gerilir. Birinci temel form katsayilar

oo} ()

F=0 (33)
G=w,’
dir.

S yiizeyini timelike segecegimiz igin

N2 N2
W? =EG-F’* = wzz((wl j —(Wz ) j olarak alalim. (31), (32) ve

(9) esitlikleri yardimiyla yiizeyin birim normali

n= ! , (Wl,(X) cosy, wl'(x)sin Y, wzr(x)) (34)

olarak elde edilir.

Simdi, (26) bagintisin1 kullanalim. (31) ve (34) U burada yerine
koyarak

(W (x)cosy, w (x)sin y, W, (x)) = (. (cosy, w, Gosin v, w, ()

=)

ERS)

(W) ()cosy, w, Gsin y, w, ()

yazabiliriz. Bu esitlikten,

! ’

f w, cosy+gw, cosy

(o) ()

! ’

fw,sny+gw, siny

(o) ()

W, Ccosy =

W,siny =

2
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! !

fw, +gw,

() =(

buluruz. Boylece f ve g fonksiyonlarini

W, =

’ !

W, W, =W, W,

() ()

g= W, W, =W, W, (36)

N2 N2
oY ()
olarak elde ederiz.
Teorem: S, (30) parametrizasyonu ile verilen bir donel yiizey olsun. S,

f=

(35)

||grad (d)” =0Oolan bir sabit oranli yiizeydir ancak ve ancak S nin

parametrizasyonu
(p(x, y) = [\/wlz (x)+ccosy, \/wl2 (x)+csiny, w, (X)j, ¢ =sbt.(37)
dir.

Ispat: S: (p(X, y) , ||grad (d)” =0 ‘1saglayan (30) parametrizasyonu ile

verilen sabit oranli donel yiizey olsun. M =0 oldugundan (20)
esitliginden =0 dir. O halde,

g=1-1"|¢| =|¢|=yw," —w,* =sabit (38)

dir. (35), (36) ve (38) yardimiyla,

! ’
w, W, —w,w, =0

! ’

W, W, =W, W,

RS

olup bu diferansiyel denklem sistemi

= ¢ = sabit

wzz(x) = wlz(x) +c
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¢Oziimiine sahiptir. Buradan istenilen sonug elde edilir.

Teorem: S, IEI3 de (30) parametrizasyonu ile verilen bir donel yiizey

olsun. S,

grad (d)” = lolan bir sabit oranli yiizeydir ancak ve ancak k

bir reel sabit olmak lizere

(P(Xa Y) = WZ (X)(COS Ya Sil'l Ya ek )

parametrizasyonu ile verilen bir koniye karsilik gelir.

Ispat: S: (p(X,y) , |grad (d)” =1 ‘1 saglayan (30) parametrizasyonu ile

verilen sabit oranli donel yizey olsun. m=1 oldugundan (30)
esitliginden,

g=0, f=|o|=yw,’-w’

dir. (35) ve (36) yardimiyla,

! !
Wl WI_WZ W2 2 2

SR

! !’

w,w,-w,w, =0

olup bu diferansiyel denklem sistemi
w(x)=e" w,(x)
¢cOzlimiine sahiptir.

Teorem: S, IEI3 de (30) parametrizasyonu ile verilen bir donel yiizey

olsun. S, ||grad (d)” =1, 0<mn<1 olan bir sabit oranl yiizeydir ancak

ve ancak

(p(x, y): (jJ(W((X)jZ -1 dx}cosy, [J‘J(er(x)j2 -1 dx].sin y, W, (X)

parametrizasyonuna sahiptir.
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Ispat: S: (p(x, y) , |lgrad (d)” = ‘1saglayan (30) parametrizasyonu ile

verilen sabit oranli donel ylizey olsun. Bu durumda, (35) ve (29)
esitliklerinden

! !’

WiW, mWo W, _ .2 X
N2 N2 )
) =)
olur ki bu,
2
2 2 W, —W,
dJw,”—w, = — =1".X,
) ()
d(n.x) nx =n’.x,

[y ey -

seklinde bir ¢oziime sahiptir
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INTRODUCTION

A supernova is basically the greatest explosion in our universe. For
us to understand this sentence, we should define what is an explosion. An
explosion is an instant increment in volume with a highly great energy re-
lease of the material. Most of the explosions come up with the high energy
flow inside the material.

As we can see in the name of supernovae, supernovae are ‘supernovae
and novae is a sudden increase in luminosity. It usually happens to faint
stars. This increase in luminosity causes stars to explode and shine. While
this event is happening, the faint unseen star happens to be visible to an ob-
server. In this sense, this astronomical event is named novae which means
“new” in Latin. Also, in supernovae eruption follows with an increase in
luminosity but this increase is much greater than the novae. In the novae
explosion after some time the star return to its initial structure and lumi-
nosity. But in the supernovae case, the star loses most of its mass during
the eruption. Henceforth, supernovae destroy the star, but novae do not. In
this work, other than the properties of novae and supernovae we will be
focusing on near-earth supernovae. A near-earth supernova is a supernova
that is sufficiently close to affecting Earth. Mostly released gamma radia-
tion is responsible for this effect. Gamma radiation triggers the formation
of nitrogen oxide in the Earth’s biosphere. Also, there is a probability that
near-earth supernovae have biological effects on Earth. Such researchers
estimate that some evolutionary processes are caused by cosmic radiation.
And the main output of cosmic radiation is supernovae. Therefore, this
theory says that supernovae and evolution are somehow correlated. The
aim of this study is to understand supernovae explosions and their effect on
Earth. This understanding process needs to know other various astronomi-
cal terms. So, we include such concepts in this study. After the explanation
of supernovae, we will examine the effects of near-earth supernovae with
known theories and research.

NOVAE

A nova is a sudden increase in luminosity, the brightness of the star
that slowly fades over in time. This fading process may be a couple of
weeks or many months. All known novae are seen at white dwarf stars and
in close binary systems. A white dwarf is a very dense star compared to
the other star types. White Dwarves are considered to be the last stage of
the one path of star evolution. They are located at the very bottom of the
HR-Diagram. These binary systems in which novae occur usually contain
a white dwarf and either a red giant, subgiant, or a main sequence star. For
novae to start orbital period must decrease to one day or so. White dwarfs
become so close to other stars that matter flows toward to white dwarf from
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other stars to create a dense atmosphere. White Dwarf’s thermal energy
heats up the hydrogen in the atmosphere and eventually reaches a critical
temperature to start runaway nuclear fusion. These reactions cause a mas-
sive increase in energy and therefore huge glow-up occurs in the binary
system and initially faint white dwarf appears to be visible in the sky. The
first observation of a nova was made by Tycho Brahe in the sixteenth cen-
tury. He gave the name De nova stella in his book means concerning new
star in Latin. But after the years’ research shows that this event is actually
not a nova but a supernova. Until the 1930’s nova and a supernova were
indistinguishable. In our times we call this type of nova a classical nova.

Figure 1. GK Persei: Nova of 1901

(For the whole figure captions please see the list at the end of the references part
of this study)

SUPERNOVAE

A supernova can occur in two separate ways. The first one is the same
case with the novae explosions. In a close binary system, a white dwarf
pulls matter and then explodes this matter with its thermal energy output,
or again in a close binary system stars are drawn to each other and col-
lapse. The more complex and interesting one is the second case. A massive
star’s core experiences a gravitational collapse. Gravitational collapse is
the shrinkage of the star due to its own gravitational force. This happens
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when the star’s nuclear pressure is not enough to balance its gravitation
force. Although there are other cases and causes of supernovae, the main
two classifications are these two.

Figure 2. supernova A type of la

DISCOVERY OF SUPERNOVAE

The first observation of the supernovae is possibly made by Indige-
nous observers in 4500 BC. There are many observations of supernovae in
history that are recorded by astronomers, but I would like to jump to the
main discovery process.

The first true observation of Nova was made by William Huggins in
1866. After that, in 1885 a nova-like explosion was observed in the direc-
tion of Andromeda galaxy. The reason behind the word nova-like is that
in 1927 calculations showed this nova-like explosion had released much
greater energy than an ordinary nova. The first research on this new type of
nova was made by Walter Baade and Fritz Zwicky in 1931 and they gave
the name supernova to this huge explosion.

HOW TO NAME A SUPERNOVA?

Names of supernovas consist of the SN abbreviation of supernova and
year of discovery and finally a word that indicates the foundation order.
First twenty-six supernova observations of the year followed by a letter
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from a to z after that twenty-six we use aa, ab notation at the end of the
name. For a better understanding, SN 2003b shows the second supernova
discovered in 2003. For historical supernovae, we only use the foundation
year afterward the SN, like SN 185.

SUPERNOVA CLASSIFICATION

Supernova classification is made by observing the optical spectra. Hy-
drogen presence in the optical spectra is the first separation of the super-
novae. This first categorization was made by Rudolph Minkowski in 1941.
If the absorption lines contain hydrogen, we call it Type II otherwise it
is called Type I. In the 1980°s this hydrogen-based categorizing was also
sub-categorized by the presence of Silicon and Helium. Type la superno-
vae contain silicon absorption, type 1b does not contain silicon but con-
tains helium, and type 1c does not contain either silicon or helium. In the
first paragraph, we said that supernovae can happen in two separate ways.
Type 1a is the result of a white dwarf containing a binary system and the
other type is the result of core-collapse supernovae.

Supernova Types

Figure 3. Supernova Types

TYPE I SUPERNOVAE

Type I supernovae are categorized by their optical spectra. If the spec-
tra contain Si lines, we call that supernova Type 1a also If the spectra con-
tain, He lines it is the Type 1b supernova but Type 1b does not contain Si
absorption lines. There is one type called Type 1c lacking both He and Si
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lines. The light curves of the Type I supernovae are generally the same. But
the Type 1a supernova has the highest luminosity therefore brighter than
the others.

TYPE II SUPERNOVAE

We said that Type Il supernovae have hydrogen in their spectra. Most
of the Type II supernovae have broad emission lines. Some of these types
of supernovae have narrow features in their spectra, and we call them Type
IIn and the n stands for the narrow. Some of the supernovae in type Il have
lines of helium that dominate the H-Balmer lines. We call such supernovas
Type IIb and the name comes from the combination of Type Ib and Type I1.

There is another sub-category in type II to identify lifetime hydro-
gen-dominant supernovae. This categorization is made by looking at the
light curves. One sub-category is the “plateau” type. The light curve of this
type of supernova remains relatively constant after the luminosity peak.
This type is called Type II-p. The other is the Type II-L, the L stand for
“linear.” The light curve of this type is constantly decreasing, unlike type
[I-p. In the universe type, II-p is more common than type II-L.

L/Lo 4

i 4

Figure 4. Supernova light-curves

THERMAL RUNAWAY

As we stated earlier Type la supernovae are the collapsing of a white
dwarf star. This collapse is called a thermal runaway. Henceforth thermal
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runaway is the process that type Ia supernova experiences.

In a closed binary system, White Dwarf’s strong gravitational force is
pulling material from the companion of the white dwarf, causing the white
dwarf’s mass to increase. Now we shall define the limit of the mass that a
white dwarf can handle, astronomers call this Chandrasekhar Limit, named
after S. Chandrasekhar. It is about 1.44 solar mass (2.765x10% kg). If the
increased mass is above the Chandrasekhar limit, the white dwarf begins
to collapse (electron degeneracy pressure cannot balance the gravitational
collapse). But in this case, the temperature raise is enough to star ignite
carbon fusion in the core. Therefore, actually, the mass does not reach the
limit, and a small portion of the white dwarf’s mass is ejected during this
process. We say that a supernova happens before a white dwarf turns into a
neutron star. After a few seconds sudden nuclear fusion starts and releases
enough energy to break the gravitational bound and the supernova hap-
pens. Matter flows outward with a velocity of %3 of the light speed and
also luminosity increases, enormously increases.

The progenitor of a Type la supernova

...which spills gas onto the
Two normal stars The more massive secondary star, causing it to
are in a binary pair. star becomes a giant... expand and become engulfed.|

a’@

The secondary, lighter star | The common envelope is
and the core of the giant  ejected, while the separation ~ The remaining core of
star spiral toward within between the core and the the giant collapses and
a common envelope. secondary star decreases. becomes a white dwarf.

The aging companion :
star starts swelling, spilling © ir ...causing the companion
gas onto the white dwarf.” cr as xplodes... star to be ejected away.

Figure 5. Schematic diagram of Type 1a supernova

CORE COLLAPSE

While Type Ia supernovae experience a nuclear explosion of a white
dwarf, other types of supernovae experience core collapse. For massive
stars (greater than 10 solar masses) fusion reactions do not end with an
electron degenerate carbon core. It continues with carbon, neon, oxygen,
and silicon burning. Eventually, these reactions end up with the most stable
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element iron. Until this stage star’s gravitational force is balanced with the
energy of the fusion reactions. But iron cannot be fused without absorbing
energy. Therefore, in this stage, there is not any energy to balance gravity
and the star is to be ready to collapse. The remnant after the collapse is
different from the mass of the core. While low-mass cores turn into neutron
stars, high-mass cores will turn into black holes. After the collapse of the
star, it begins to accelerate by beta decay, electron capture, and photodis-
integration.

For a 25 solar mass star:

Duration
7x10° years
Tx10% years

600 years
6 months

29 29,
Beta decay | $X e + 2 A w} ¥ | )
»

e >

X-TaY v

Electron A 4\}#)
capture i 18+ 3Y ? f

Figure 6. Nuclear reactions

Beta decay and electron capture causes neutrinos to spread and photo-
disintegration turns iron into helium and releases neutrons. These spreading
neutrinos expand the inner core of the star and it becomes roughly 30km
diameter. So that the density of the core becomes smaller. On the other hand,
released neutrons try to balance collapse with neutron degeneracy pressure.
If the mass of the core is greater than fifteen solar masses, neutron degener-
acy pressure is not enough to stop core collapsing and the star ends up with
turning into a black hole. In the lower mass cores, collapsing will stop, and
new core consists of neutrons with high temperature. At this high tempera-
ture neutrinos and anti-neutrinos form thermal neutrinos and the density of
these thermal neutrinos is greater than the electron capture neutrinos. About
10% joules, approximately 10% of the star’s rest mass, is converted into a
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ten-second burst of neutrinos which is the main output of the event. The sud-
denly halted core collapse rebounds and produces a shock wave that stalls
within milliseconds in the outer core as energy is lost through the dissocia-
tion of heavy elements. A process that is not clearly understood is necessary
to allow the outer layers of the core to reabsorb around 10* joules from the
neutrino pulse, producing the visible brightness.

DISTRIBUTION OF HEAVY ELEMENTS

Supernova explosions are the foundation of many elements in uni-
verse. Type la (nuclear expansion of the white dwarf) is mainly responsible
for elements whose atomic mass is 56 (same with iron) and silicon. Types
IL, Ib, Ic also produce iron peak elements but less than the Type Ia plus
they produce alpha elements and elements heavier than Zn up to Sr. This
produce elements are distributed around via explosion and shock wave.

B +lHe — M0 + 4, B =T.16 MeV
o +dHe — HMNe + 4, E =473 MeVv
e +MHe — HMg +5, E— 0.32 MeV
Mg + dHe — 381 4+, E = 9.98 MeV
B +dHe — 8 44, FE = 6.95MeV
B85 +iHe — JiAr + v, E = 6.64 MeV
Ar 4 iHe PANCa 4. E = T.04 MeV
MCa -+ iHe P BT 4y, E =513 MeV
HTi 4 iHe s WOr by, E = 770 MeW
Ber 4+ dHe v S2Fe oy, B o= 7.94 MeW
Bre + 1He P BENiE 4., B = 8.00 MeV

Figure 7. Alpha Process and Alpha Elements

Big Exploding Human synthesis [
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ray white <o m

fission dwarfs Al S eePus e Qs @l il

13 14 15 16 17 18

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
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Figure 8. Periodic table and the stages of nuclear evolution
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IMPACTS ON STELLAR EVOLUTION

As we mentioned earlier, supernovae produce heavier elements and dis-
tribute these elements through the interstellar medium. These free “heavier”
elements eventually cool down and enrich star formation clouds. These en-
riched clouds tend to create different featured stars with different ratios of
different elements. Also, there is one feature of supernovae that can influence
star formation, the kinetic energy of the remnant of the supernova can start
the star formation process by compressing the nearby molecular clouds.

SUPERNOVAE’ EFFECTS ON EARTH

For a supernova to affect Earth, it must be close enough. We will call
such supernovae near-earth supernovae in the preceding lines. The maxi-
mum distance for this case is 1000 light-years (300 pc). Of course, it de-
pends on the type and the energy of the supernova. There exists an estima-
tion that 20 supernovae happened nearby over 11 million years. Gamma
rays from a supernova explosion are mostly responsible for the effects.
Gamma rays happen to induce radiolysis of N, and O, in the biosphere. Ra-
diolysis is the decomposition of the molecule into ions, atoms, or radicals.
Decomposed nitrogen and oxygen molecules compose nitrogen oxides.
These nitrogen oxides harm the ozone layer which causes to exposure so-
lar radiation. Plankton families and reef communities are the most affected
ones from this radiation. Hence the main effect of the near-earth supernova
is disturbing the marine food chain.

Recently it has been shown that there is a close connection between
the fraction of organic matter buried in sediments on Earth and changes
in supernovae occurrence. This correlation is evident during the last 3.5
billion years and can be noticed in greater detail over the past 500 million
years. This evidence indicates that supernovae have set essential condi-
tions under which life on Earth had to exist. This is established in a new
research article published in the scientific journal called ‘Geophysical Re-
search Letters’ by Dr. H. Svensmark, DTU Space. According to the article,
an explanation for the observed link between supernovae and life on Earth
is that supernovae influence the Earth’s climate. A high number of super-
novae occurrences results in a cold climate with a temperature difference
between the equator and polar regions. This results in strong winds and
ocean mixing, which is vital for delivering nutrients to biological systems.
High nutrient concentration leads to larger bio-productivity and a more
extensive burial of organic matter in sediments. A warm climate has weak-
er winds and results in less mixing of the different oceans, a diminished
supply of nutrients, a smaller bio-productivity, and less burial of organic
matter. It has been noted that Photosynthesis produces oxygen and sugar
from light, water, and CO,. However, if organic material is not moved into
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sediments, oxygen and organic matter become CO, and water. The burial
of organic material prevents this reverse reaction. Therefore, supernovae
indirectly control oxygen production, and oxygen is the foundation of all
complex life. A measure of the concentration of nutrients in the ocean over
the last 500 million years correlates with the variations in supernovae fre-
quency. The concentration of nutrients in the oceans is observed by mea-
suring trace elements in pyrite (FeS2) embedded in black shale, which is
sedimented on the seabed. Estimating the fraction of organic material in
sediments made it possible by measuring C-13 relative to C-12. Since life
prefers the lighter carbon-12 atom, the amount of biomass in the world’s
oceans changes the ratio between carbon-12 and carbon-13 measured in
marine sediments. Svensmark and colleagues have earlier also shown that
ions help the formation and growth of aerosols, thereby influencing cloud
fraction. As we know clouds can regulate the solar energy that reaches the
Earth’s surface, and the cosmic-ray-cloud link is important for climate.
Empirical evidence shows that Earth’s climate changes when the intensity
of cosmic rays shifts. Supernovae’ frequency can vary by several hundred
percent on geological time scales, and as a result, climate changes become
considerable. As Cosmic rays travel to the Solar system, some of them
end their journey by colliding with the Earth’s atmosphere where they are
responsible for ionizing the atmosphere. A new NASA research has iden-
tified that supernovae could pose a threat to life on planets just like Earth.
Chandra X-ray Observatory and other telescopes concluded that intense
X-rays from exploded stars can affect planets over 100-light years away.
A large dose of X-rays is produced when a supernova’s blast wave infuses
into dense gas surrounding the exploded star and they travel through the air
for months, years, and even decades and can reach planets such as Earth, to
trigger extinction events. However, even these alarming threats do not fully
catalog the dangers in the wake of an exploded star. University of Illinois at
Urbana-Champaign astronomer I. Brunton and his colleagues discovered
that, in between these two previously identified dangers, lurks another. It
has been indicated that if a torrent of X-rays sweeps over a nearby planet,
the radiation would severely alter the planet’s atmospheric chemistry as
Dr. H. Svensmark also revealed. It can be said that the Earth is not in any
danger from an event like this now, since there are no potential supernovae
within the X-ray danger zone as claimed by Prof. Connor O’Mahoney,
from the University of Illinois at Urbana-Champaign. However, it may be
the case that such events played a role in Earth’s past as it is revealed by
his work. I recommend the reader watch the video through the link below

https://www.youtube.com/watch?v=Tpulz6grJgc about the Biggest
Supernova Ever Found Impacts Earth’s Atmosphere. There are also plenty
of links provided here at the end of the references list related to the text.
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Figure 9. lllustration of an Earth-like exoplanet after X-ray radiation exposure.
Image credit: NASA / CXC / M. Weiss.

BIOLOGICAL EFFECT PROBABILITIES

We know that supernovae are responsible for increasing radiation in
the upper atmosphere. Considering the life on the Earth, the main effect of
the increased radiation is mass extinction. Mass extinction is the extinction
of at least half of the species on the Earth. Generally, we know the extinc-
tion of the dinosaurs could be a great example of a mass extinction event.
Some of the investigations suggest that supernovae have caused the mass
extinction of some animals.

It is possible to calculate the cosmic radiation flux received by Earth
of the supernovae by looking at their remnants. Calculations made by Col-
gate and White (1966) found that Type II supernovae release 2 x 10°! ergs
energy by cosmic rays. If we calculate the flux of the supernovae R light

— 13 /2
years away from earth’s upper atmosphere, we get that F=9x10"/R

erg cm™ and the dose is D =3x107/R* roentgen. From these equa-
tions, we get that if there will be a smooth effect on Earth due to super-
novae R must be less than a few hundred light years. Van Voeden (J.
H. Oort, in Interstellar Matter in Galaxies, L. Woltjer) suggests that the
number of Type II supernovae that occurred within R and in t years is

— -12 g
N(Ry t) =2X 107" ftR, where f is the frequency of the type II
supernovae and is estimated like 0.02 per year. One can find that by the
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equations driven the Earth receives 500 roentgens every 50 million years.
By looking at the geological records in 600 million years one supernova
with 2500 roentgens, four supernovae with 1000 roentgen, and ten or more
supernovae with 500 roentgens happened. These doses would increase the
mutation rate on Earth but cannot be the cause of any macroevolution.
Therefore, if any biological effect of a supernova exists on Earth it would
not be a macroevolution, but it can be a mass extinction.

4

Dose (rosntgens)

& i M | r I

g a3 2 a2l »
10 +
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Figure 9. Cosmic radiation flux received by Earth

I would like to thank Taylan Y1ldiz, one of my undergraduate students
for his help in preparing this short review.
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1. Introduction

Nickel oxide is one of p-type semiconductors with stable wide band
gap (3.6 - 4.0 eV) and it has 3d transition properties (Kunz, 1981). NiO
is a well-studied material due to its use as the positive electrode in bat-
teries, electrochromic devices, fuel cell electrodes, catalysis, gas sensors,
and magnetic materials (Soleimanpour et al., 2012; Avendafio et al., 2016).
In addition, NiO is the most important of the p-type metal oxides used in
different applications due to its electronic band structure, high chemical
stability, and electrochromic efficiency. NiO has the property of showing
anodic electrochromic and can be colored with charge output. Because of
these properties, it is used in areas such as medical, architectural, automo-
tive and electrochromic devices. NiO films are also used in gas sensors,
solar cells and fuel cells. The potential use of NiO films in these areas de-
pends on the morphology, conductivity, transmittance and crystal structure
of the films. One of the most important experimental parameters affecting
these properties is the base used in NiO production. Therefore, ITO, FTO
and glass substrates are generally preferred as substrates for the production
of films.

NiO thin films are prepared by different physical and chemical methods
like sputtering (Sato 1993), electrodeposition (Koussi-Daoud et al., 2016),
sol- gel (Sreethawong et al., 2007) , chemical precipitation (Taskoprii et
al., 2015), and spray pyrolysis (Yu and Kim, 2013). Among these tech-
niques, spray pyrolysis has recently received attention. The spray tech-
nique is preferred more because of its economic, practicality, production
on wide and different bases, and reproducibility. Also it is one of the most
widely used techniques in the production of n-type and p-type thin films.
This technique is suitable for thin film storage on different substrates such
as FTO, ITO, glass. Another parameter that affects the physical and chemi-
cal properties of NiO films is doping. Doping is a fundamental technique to
control the properties of semiconductors and to obtain new multifunctional
technological materials.

Physical and chemical properties of NiO films strongly depend on
doping elements. In order to provide some interesting properties, nickel
oxide is doped by several elements such as lithium, cadmium, iron, magne-
sium, tungsten, manganese (Li et al., 2016; Tagkdprii et al., 2015; Sharma
et al., 2016; Yin, 2014). NiO and Co both have rock-salt structure, with
lattice parameters 4.177 and 4.261 A, respectively (Taskoprii et al., 2015).
The lattice mismatch between them is 2 %. The crystal ionic radii of Co**
(0.745 A) and Ni2* (0.69 A) closely match each other. Thus, it is possible to
dope NiO with relatively high amounts of Co without causing much lattice
strain. Also, there are a few works on the effect of Co doping on structural,
optical, morphological properties of NiO films deposited by spray pyroly-
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sis technique (Bakr et al., 2015; Gengyilmaz, 2021; Sharma et al., 2014).

For these reasons, we produced the NiO film on the glass and FTO
substrate, both without undoped and with Co doped by ultrasonic spray
pyrolysis technique. We report the effect of Co doping on some optical pa-
rameters such as Urbach energy, refractive index, and dielectric constants,
structural properties and electrochromic performance of NiO films.

2. Experimental procedures

2.1. Production of NiO films

Undoped and Co doped NiO films were deposited onto glass and
FTO-coated glass substrates by ultrasonic spray pyrolysis technique. Nick-
el nitrate hexahydrate (Ni(NO,),"6H,0) (0.01 M) and cobalt (II) nitrate
hexahydrate (Co(NO,), 6H,0) were used as source precursors for Ni and
Co, respectively. The cobalt doping level was chosen at 3 % to avoid any
disorder in NiO films.

Aqueous ammonia was added to the starting solution to adjust the val-
ue of pH=9. Before the start of the deposition process, the substrates were
cleaned thoroughly using warm acetone and methanol for 10 minutes. Fi-
nally, substrates were ultrasonically cleaned with deionized water.

The temperature of substrates was maintained at 450 °C using a tem-
perature controller. The nozzle to substrate distance was fixed at 25 cm.
The flow rate of solution and carrier gas pressure during spraying was held
constant at 5 ml.min™! and 0.2 bars, respectively. Nitrogen was used as the
carrier gas. The deposition time was 20 min. nickel nitrate hexahydrate
solution was sprayed onto the glass and FTO-coated glass substrates.

When aerosol droplets come close to the substrates, highly adherent
thin films were produced due to the pyrolytic process resulting in the for-
mation NiO films according to the following reaction:

Ni(NO,),.6H,0 — NiO + 2NO, + 1/20, + 6H,0 (1)

The samples were deposited on FTO-coated conducting glass sub-
strates for electrochemical analysis. The colors of the undoped and Co
doped NiO films were dark gray and brown. The change in color is at-
tributed to the Co doping.

2.2. Characterization techniques

X-ray diffractometer (Bruker D8 Advance XRD) with CuKa line
(A=1.5406 A) was used to analyze the crystal structure and calculated
some structural parameters using XRD results. Raman spectra were ob-
tained with a Bruker Senterra Dispersive Raman Microscope. A 3B diode



86 * Olcay GENCYILMAZ

laser (532 nm) having 3-5 cm™! resolution was used as excitation source at
a power of 10 mW.

The morphological study was carried out using a field emission scan-
ning electron microscopy (FESEM Zeiss Ultra Plus). The thicknesses of
the NiO films were obtained by FESEM images from cross section views
and found to be 396 nm in average.

Optical transmittance and the absorbance of films were carried out on
UV-2550 UV-Vis spectrophotometer in the wavelength range 200—-1000
nm.

The electrochemical properties of the films were characterized by cy-
clic voltammetry in a three-electrode arrangement using Electrochemical
Quartz Potentiometer. Ag/AgCl was used as a reference electrode, a plat-
inum wire as the counter electrode (anode) and NiO films deposited on
FTO-coated glass substrate as the working electrode (cathode).

3. Results and discussions

The XRD patterns of the undoped and Co doped NiO films grown onto the
glass and FTO-coated conducting glass substrates are shown in Figure 1.
XRD pattern of undoped NiO film shows five peaks corresponding face centered
cubic crystal structure with diffraction peaks at (111), (200), (220), (311), and
(222) (Bunsenite, JCSPD 47-1049). In Figure 1(a), the XRD pattern of Co
doped NiO film, the intensities of the crystal planes decrease and (311)
peak disappeared. Also, it is observed that the peak positions of the (111)
plane slightly change after doping, which implies that the structures have
very small strain. Also, the unit cell value changes with Co doping. The
slight shift in the peak position and the unit cell parameter may be attribut-
ed to the doped content, different ion radius (0.69 A for Ni** ions and 0.745
A for Co**ions) and the replacement of Ni** ions by Co?** ions. There are
no peaks related to other phases in XRD patterns which are related to low
doping concentration (3 % at).

The films are deposited on FTO-coated glass substrates also have
shown face cubic structure with (111), (200), and (220) diffraction planes
(Figure 1(b)). Other peaks in the patterns belong to FTO. The deposited
films on FTO-coated conducting glass substrates for electrochemical anal-
ysis have suitable structural properties.
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Figure 1. The XRD patterns of the undoped and Co doped NiO films grown onto
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Figure 1. The XRD patterns of the undoped and Co doped NiO films grown onto
the (b) FTO-coated conducting glass substrates
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The texture coefficients (7C) have been determined using the equation
below (Ghosh et al. 2004):
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T = Ltk To(hkl)
7 2N ety Tochity )

where I, is the measured intensity, I),  is the standard intensity, and
N is the number of diffraction peaks. This calculation is done to distinguish
between dominant and preferential orientation. If TC , is greater than 1,
we can say that atoms grow with a preferential orientation in this plane

(Sharma et al. 2014).

The variation of TC ,  for prepared samples is shown in Figure 2. It is
worth noting that the preferred orientation was affected by the doping pro-
cess. We observed that while the undoped NiO films have two preferential
growth along (111) and (222) planes, the Co-doped film has a preferential
growth along (111) direction. Calculated TC , values for other planes are
also listed in Table 1. The increase and decrease in the value of TC ,~ are
attributed to the reorientation effect of crystal in a given (hkl) direction due

to the doping process.

The interplanar spacing d,,, values of undoped and Co doped NiO films
are calculated by using Bragg relation (Stock and Cullity, 2001):

2d, ., 5inf = nd (3)

where 7 is integer of diffraction and A is the wavelength.

Ml CoMid

Samples

Figure 2. The texture coefficient values of NiO films
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The lattice parameter is calculated using the following relation (Stock
and Cullity, 2001):

)
VREREEAT “4)

Table 2 summarizes the positions of (111) peak, the calculated values
ofd i1y which shows deviations from the standard value of the lattice pa-
rameters a= 4.1770 A taken from JCPDS card file data. This could be an
indication of strain in the films and interpreted as the unit cell of the sam-

ples undergoes contraction or expansion along a-axis.

The average crystallite size was calculated for (111) plane using the
Scherrer formula (Stock and Cullity, 2001):

084
o Beosd (5)

where £ is the broadening of diffraction line measured at half of its
maximum intensity (FWHM). Comparing the FWHM values correspond-
ing to (111) plane, the broadening of the diffraction peak is observed for
the Co-doped film. The most probable explanation may be the increase in
crystal defects. The average crystallite size of the samples was calculated
in 22 and 20 nm for un-doped and Co- doped NiO films, respectively (Ta-
ble 2).

Investigation of materials needs to the characterization of microstruc-
ture with an emphasis on the particle size and strain. The different doping
elements may cause the lattice stress or strain in the material which dramat-
ically affects optical and electrical properties of materials. The lattice strain
and crystallite size are two independent factors that contribute to the total
peak broadening. The total peak broadening is the sum of the contributions
of crystallite size and strain present in the material. The crystallite size and

strain (E] in the films have been determined from the XRD measurements
by using the Williamson—Hall equation (Gurumurugan et al., 1194) :

kA
— 4g tand

ﬁ - Deozd (6)

The term (Bcos0) was plotted with respect to (4sind) for the well-re-
solved peaks as seen in Figure 3. Accordingly, the slope and y-intersect of
the fitted line represent strain and particle size, respectively. The estimated
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strain and crystallite size values of the samples are listed in Table 2. The
plots showed positive strain for the NiO film and negative strain for Co
doped NiO film. The positive value of the strain indicates that the strain
is tensile, and the negative value indicates that the strain is compressive
(Ghosh et al., 2004).

Since the Raman scattering is very sensitive to the microstructure of
nanocrystalline materials, it is also used to see the effect of Co doping in
NiO structure. Figure 4 shows the Raman scattering spectra of the films.

Raman spectra show typical resonant Raman peaks located at 500 cm'!
and 1100 cm™! could be assigned to first order longitudinal optical (LO)
and second order longitudinal optical (2LO) phonon modes of NiO, re-
spectively. The defect-induced LO mode occurred in NiO may be due to
nickel vacancy defects (Taskoprii et al., 2015). It is obvious that the LO
mode exhibits a blue shift with Co doping. It is attributed to the defects or
impurity atoms (i.e., Co atoms) in the NiO film.

The FESEM images of the surface morphologies of samples were giv-
en in Figure 5. The surface morphology of the films has uniform grain
distribution and small particle size. As a result of doping, different atomic
clusters will form in the material, so the material may have a different crys-
tal structure. In addition, the clusters of atoms formed in the material can
also affect the grain size and shape. It was determined that the morphology
of the Co-doped film was denser with the smaller particle size distribution.
These results can be supported by XRD results.

Table 1. The texture coefficients (TC) values of NiO films for dominant
orientations

TC(hkl)
Films
TC(III) Tc(zoo) TC(zz()) TC(3//) TC(zzz)
NiO/FTO 2.65 0.27 0.35 0.29 1.44

Co:NiO/FTO 2.71 0.21 0.26 - 0.75
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Table 2. Some structural parameters of NiO films

Films 20, ()|d,, Q)| a(d) |D(@mm)| DW-H £ %

(111)

NiO/FTO 37.177 | 2.4164 | 4.1870 20.2 27.6£1.1 | 0.095+0.015

Co:NiO/FTO | 37.296 | 2.4090 | 4.1725 19.4 17.8+1.3 | 0.075+0.043

- ()
] (311)
1 D(A) =278 (11)
] ==0.0948 (0.01546) %
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Figure 3. The graph of the term (fcos0) in relation to (4sin6) of (a) NiO films
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Figure 4. The Raman scattering spectra of the NiO films
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Figure 5. The FESEM images of (b) Co:NiO films

The optical properties of NiO films were studied to investigate the
effect of the doping on the optical transmittance, band gap, and Urbach
energy. The transmission spectra of the NiO films were taken in the wave-

* 93
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length range of 300-900 nm at room temperature. Figure 6 shows the trans-
mittance and the reflectance spectra of NiO samples. As seen in Fig. 6, the
transmission and reflectance spectra of the films have been changed with
Co doping. While the sharp absorption edge can be clearly observed for
NiO film, the absorption edge shifts toward longer wavelength with Co
doping which shows that the optical band gap of the films was shrunk with
Co doping. We think that our Co-doped NiO film has deformation and de-
fects near band edges due to the poor crystallinity (Umar and Hahn, 2009).
This conclusion supports the XRD results. In addition, Co-doped NiO film
exhibits lower optical transmittance. The similar results were observed by
Predanocya et al. (Predanocy et al. 2017). This condition can be ascribed to
the surface texture and decrease in roughness of film. Reflectance spectra
of NiO films are shown in Figure 6b. It was determined that the average
reflection value of NiO films is about 2 % in the visible region of the spec-
trum.

The band gaps of NiO films were determined using Tauc method. This
method is associated absorption coefficient (o) and photon energy (Av)
(Pankove, 1975):

ahv=A(hv—E,)"? ™

where A4 is the edge width parameter and E, is the optical band gap.
Fig. 7 shows the variation of (ahv)? versus Av for NiO films. The band
gaps values were calculated 3.67 eV and 3.61 eV for undoped and Co
doped films, respectively. It is clear that the band gap values are slightly
decreased with Co doping. This may be due to the change in the crystallin-
ity level in the film with the doping. This case attributes to the changes of
crystallinity, surface morphological, film thickness, atomic distances, and
the grain size gap, resulting in the reduction of the band gap (Patil et al.,
2005; Gengyilmaz et al., 2015):
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The absorption coefficient (o) has been calculated from transmittance
(T) and reflectance (R) data using the relation (Urbach, 1953):
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®)

where d is the film thickness. The spectral variation of o has been
shown in Fig. 8.

While sharper absorption edge is observed near (~350 nm) for un-
doped NiO film, the absorption edge of Co-doped NiO film shows a clear
shift to longer wavelengths (red shift) that causes a decrease in the optical
band gap. Generally, absorption changes as a function of crystalline prop-
erties (Sharma et al. 2016). The defect states inside the band gap make the
optical absorption broad, while a rather sharp behavior is observed for the
films with good crystalline quality. This decrease is attributed to Co™ or
Co™ions localized in the NiO lattice (Windisch et al., 2001).

The schematic band diagram of NiO film is shown in Figure 8. The
valence band is formed in O* states. The Co*? or Co ™ ions create additional
energy levels in the band gap structure near the valence band. Since the
band gap of CoO (1.67 eV for bulk crystals) is lower than that of NiO (3.67
eV for the present work), the band gap of Co-doped NiO should be lower
than the band gap of un-doped NiO. The similar red shift off in the band
gap of NiO film is discussed by various studies (Chia-Ching et al, 2013;
Gengyilmaz et al., 2015; Sahin et al., 2014; Agrawal et al., 2017)
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Figure 8. The absorption coefficient (o) spectra of NiO films
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The Urbach energy is calculated with the following equation (Agrawal
et al., 2017).

a(hv)=a exp(hvE)) )

where o, 1s a constant, £ is Urbach energy which corresponds to the
width of the band tail and could be determined as the width of the localized
states. Figure 9 shows the graph obtained with this relation. Usually, £
depends on temperature and structural disorder describes the width of the
localized states in the bandgap region (Boubaker, 2011). Figure 10 shows
the changing of /na vs. (hv) for the films.

g5 5 [NiQ
* ColNiQ e »
5.0
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Figure 9. The changing of Ina vs. (hv) for the NiO films

To obtain the width of Urbach tail, a linear fit was established in the
linear portions of the curves and the results were listed in Table 3. The
steepness parameter, s=kT/E ; characterizing the broadening of the opti-
cal absorption edge due to electron-phonon or exciton-phonon interactions
(Mahr, 1962) was also determined taking T =300 K and given in Table 2.
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E values change inversely with optical band gap. Also, the Urbach
energy values give knowledge about local defects which create localized
states in the bandgap region (Fterich et al., 2016). The refractive index ()
of the films was calculated using Herve-Vandamme and Moss relations
(Mezrag et al., 2010; Akaltun et al., 2015; Hannachi and Bouarissa, 2015).
Both methods present the relation between the refractive index and the
band gap energy. Herve -Vandamme’s method is;

2
n= I1+( A
| E.+E
N N (10)

where 4 and B are numerical constants with values of 13.6 and 3.4 €V,
respectively. Also, Moss relation is presented;

5 (11)

where £ is a constant with a value of 108 eV. The calculated » values
for un-doped and Co-doped NiO films are listed in Table 2. The n value
increased with Co doping. It is attributed to the smaller optical band gap of
Co-doped NiO film. Also, high frequency (¢, ) and static (¢ ) dielectric con-
stants were calculated using the following relations; € =n* and £ =18.52-
3.08E,, respectively. The calculated dielectric constants are listed in Table
2. High-frequency dielectric constant values changed according to used
methods and Co-doping (Hannachi and Bouarissa, 2015).

Table 3. Some optical parameters of NiO:Co/FTO films

E_(eV) E Herve- Moss Relation
Films & v | ox105| Vandemme
(meV)
Egl Egz n €, €, n €, €,

NiO 4.04 3.67 | 464 | 5.60 |2.16]4.69|7.20|2.32|5.42|7.20

Co:NiO| 3.94 3.61 412 | 6.13 |2.18 |4.75|7.37(2.33|5.46|7.37
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The electrochemical properties of the NiO samples are characterized
by cyclic voltammetry (CV), and coloration-bleaching cycling tests. The
voltage ranges were 0.1-0.6 V for un-doped NiO film and -0.3- 0.8 V for
Co-doped films. The voltage ranges were chosen in order to produce rapid
degradation of the films. The electrolyte and sweep rate were 0.3 M KOH
and 100 mV/s, respectively. Figure 10 presents the CV cycles of the sam-
ples at selected 1%, 25" and 50" cycles which show complete reversibility
in the given voltage ranges. Both samples show good electrochemical sta-
bility during 50 cycles. It is clearly seen that the areas under anodic and
cathodic curves are nearly identical which a sign of good reversibility.

The peaks associated with each cycle correspond to the oxidation and
reduction process during the electrochemical experiment. There was one
main oxidation peak (£ ) during the anodic scan and one reduction peak
(E,) during the reversed scan. The peaks £ and E, corresponded to reac-
tion of Ni** to Ni** occurs on the surface of the NiO films according to the
chemical reaction which is given by;

NiO + OH™ 2 NiOOH + e~ (12)

Potential and current density values for the anodic and cathodic peaks
of the samples are presented in Table 4. The increase in the intensities
of the cathodic and anodic peaks implies that in the first cycles there is a
growth of charge capacity of the film which is attributed to the transforma-
tion of nickel oxide to nickel hydroxide. The higher value of the cathodic
charge of Co doped NiO which is thought to be due to a more porous mor-
phology of the un-doped NiO film. The calculated coulombic efficiency
which is defined as the ratio of charge densities for the intercalation and
deintercalation routes (Q/Q,) is high, evidence of good reversibility for the
intercalation—deintercalation reaction (Huang et al. 1998). On this basis,
we calculate the coulombic efficiencies of about 63% and about 95% for
un-doped and Co-doped NiO films, respectively. Since the electrochromic
reactions that take place at the surface of NiO crystallites, The changes in
electrochromic is attributed to the smaller grain size and clusters of grains
which increases the effective surface area of NiO crystallites which result-
ed in an increase of electrochromic reactions (Xuping, and Guopin, 1997).
It is noted that the anodic peaks shifted to more negative potentials for the
Co-doped film. This shift of the anodic peaks could probably be attributed
to the structural changes (Uplane et al., 2007). This argument is supported
by examining the XRD and FESEM results shown in Figures 1 and 5.
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Table 4. Potential and current density values for the anodic and cathodic peaks

of the NiO films
Io -4 Qo QR
Films | Cycle E, Eq ao | 10 a0 ao | QuQ,|

(\%) V) ‘mA) (mA) ‘mC) ‘mC)

I 0.495 | 0.248 12.4 -6.98 7.87 -4.16 0.53

25 | 0.487 | 0.242 13.6 -8.31 8.44 -5.08 0.60

NiO
50h | 0.487 0.24 13.7 -9.11 8.68 -5.47 0.63
I 0.434 | -0.030 | 2.05 -1.66 2.39 -1.77 0.74
Co/NiO 250 | 0.444 | -0.033 | 2.16 -2.26 2.58 -2.07 0.80

50 | 0.448 | -0.039 | 231 -2.85 297 -2.76 0.93

020 4 |[—1" eycle
1 |——25"cycle
| |——50" cycle

-0.10 4

Curmrent density (mNcmf
o
o
o
1

-0.15 4

(a)

-0.20 . : ; . . , . . ;
0.1 0.2 0.3 04 05 06

Potential (V) vs. Ag/AgCl)

Figure 10. The CV cycles of the (a) NiO films
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Figure 10. The CV cycles of the (b) Co:NiO films

4. Conclusions

Undoped and Co doped NiO films were successfully deposited by
spray pyrolysis technique on glass and FTO-coated conducting glass sub-
strates. The effect of Co doping on the structural, morphology, optical and
electrochemical properties of the films was investigated. The analysis of
XRD patterns revealed that all samples have face-centered cubic phase.
The average crystallite size, lattice parameter, texture coefficient and mi-
cro-strain changed with Co doping, resulting in the structural variation.
A blue shift was detected in LO mode in Raman spectrum of Co-doped
NiO film. The optical transmittance measurement showed that films have
low transparency and average transmittance values of NiO decreased with
Co doping. The Co doping causes the red shift in optical absorption edge
and decrease in band gap energy of NiO film. Electrochromic reversibility
was found to be % 65 and % 93 for un-doped and Co-doped NiO films,
respectively.
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1.Introduction

There are many types of distributions that can be used in analyzing
“count data”. Some of these distributions belong to the “exponential
family”. To model these distributions from the “exponential family” in
statistics, we use generalized linear model (GLM) approach considered as
a generalization of the traditional linear model (Alnakawa, 2020; Ozaltin
and lyit, 2018; lyit, 2021; lyit et al., 2023). The GLM approach which is
based on only the location parameter, ignoring the other parameters of the
model leads to significant deficiencies in modeling of the data (Hilbe,
2011; lyit et al, 2016; lyit, 2018). Therefore, the GLMs are extended to
“Generalized Additive Models for Location, Scale, and Shape
(GAMLSS)” having the flexibility of modeling all parameters of any
interested distribution regardless of whether it comes from the
exponential family or not (Alnakawa and lyit, 2022). In this aspect,
GAMLSS method is more effective and flexible than other methods in
modeling count data. At this point, “count regression models” are
statistical models used to analyze count data taking non-negative integer
values. Count data are often utilized in various fields such as in energy
(Catz, 1999), economics (Heberling et al., 2009), public health (Espinoza
et al., 2021), criminology (Skardhamar et al., 2010), social sciences
(Bohning et al., 1997), and etc. Count regression models are useful
statistical tools in situations where the response variable is a count
variable, and the explanatory variables are continuous, categorical or a

combination of both.

There are several types of count regression models such as Poisson
regression model, Negative Binomial regression model, Zero-inflated
regression models, Hurdle regression models, truncated regression
models, and etc. Truncated data occurs when some of the data in structure

of the data is missing since it has been cut off or truncated beyond a
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certain point (Kalbfleisch and Lawless, 1992). In order to better
understanding, an example of truncated data in which zero cannot be
occurred in the data structure is the number of days in which the
carcasses of killed animals (snakes, birds, small mammals, and etc.) by
hunters in the nature remain (Zuur et al. ,2009). There are different types
of “truncated count data” such as left truncated, right truncated, and
doubly truncated (Klein and Moeschberger, 2003). In this study, we will
focus on “zero-truncated regression models” especially as “zero-truncated
Poisson regression model”, and “zero-truncated Negative Binomial Type-
I regression model” with useful applications in R-Programme. Many
researchers worked on zero-truncated Poisson regression model and zero-
truncated Negative Binomial regression model are such as David and
Johnson (1952), Tate and Goen (1958), Dahiya and Gross (1973),
Bakouch et al. (2010), Athiany et al. (2020), Ridder (1955), Harteley
(1958), Grogger and Carson (1991), Liu et al. (2013), Zaho et al. (2021),

and etc.

2. Generalized Additive Models for Location, Scale and Shape
(GAMLSS)

The generalized additive models for location, scale, and shape
(GAMLSS) are flexible and efficient model family by modeling not only
the linear relationships between the response variable and explanatory
variables as “linear predictor” in GLMs, but the “linear predictor”
between the response variable and explanatory variables are as in linear,

nonlinear, parametric, and non-parametric smoothing functions.

The structure of the GAMLSS family has the following three components

such as;

1- The random component: the probability distribution of the

response variable coming from the continuous, discrete, and
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mixture type of distributions from the exponential family or
outside of it.

2- Systematic Component: describes the structure of the
explanatory variables in the model.

3- Link Function: explains the form of how the random and

systematic components are in related with together.

In this study, we will focus on the linear relationship between the linear

predictor and the functions of the parameters in GAMLSS family.
2.1.Zero-truncated regression models

Let Y be a discrete random variable taking non-negative integer values
such as 0,1,2,3,... that follows a Poisson distribution having equal values
of the expected value and variance of the response variable, then the
probability mass function (pmf) of this distribution with the location

parameter 1 is given as follows;

Y, TH

f(y;ﬂ)=”e'
y.

The pmf of the negative binomial (NB-1) distribution with the location
parameter u, and the scale parameter o can be given as follows (Hilbe,

2011);

1
F(y+j y { é
P(Y =y/p,0)= =z [ = J ( ] )

F(ljr(1+y) l+ou ) \1+ou
o

where #>0 , >0 and y =0,1,2,3,...... The expected value and

variance of the response variable in NB-1 distribution are 4 and

u+ou’ respectively.
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Let Y be a discrete random variable (y =0,1,2,3,4,....... ) having pmf (f

(.) ) and cdf( F(.) ). Then the general formula of any truncated discrete
distribution at point zero can be written as follows (Rose and Smith,

2002; Johnson, 2005);

S0 =y)

1O =y 7 0= 2

3)

Let Y be a random variable y =0,1,2,3,4,....... by using Eq (5), pmf of

the zero-truncated Poisson distribution also called as positive Poisson

distribution can be given as follows;

B . B e—/l’u)’
f(Y _yhu)_y!(l_e_ﬂ) (4)

where 1 >0and y=1,2,3,... By using Eq.(5), in the same manner, zero

truncated NB-1 distribution can be given as follows;

F(J""lj y L

o i) L)

F(ljr(1+y) l+ou ) \1+ou
o

1
o)
1+ou

where >0, 0>0, and y=1,2,3,...

P(Y =y/u,0)= (5)

According to the structure of the GAMLSS family, zero-truncated
Poisson regression model and zero-truncated NB-1 regression model can
be obtained by adding the following default link function of the location

parameter £/ ;

log(p) =By + BX  + X, +--+ +B8.X, (6)
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and by adding the following the default link function of the scale

parameter o ;
log(c)=6,+6Z,+0,Z,+-----+0 Z, (7)

where X |, X ,,-++, X, and Z,,Z,,---+-,Z are explanatory variables

n n

of the default link functions, and also f,,f,0,,..... 5, and

0,,6,,0,,-++--,0, are regression models’ coefficients .

3. Modeling European Union (EU) COVID-19 Pandemic Data Using
Zero-truncated Poisson Regression Model and Zero-truncated

Negative Binomial Type-I Regression Model

COVID-19 caused by the novel coronavirus SARS-CoV-2 was first
identified in Wuhan, China in December 2019 and has since spread into a
global pandemic all over the world. Symptoms of COVID-19 include
fever, cough, shortness of breath, fatigue, body aches, and loss of taste or
smell. Some people may experience more serious symptoms such as
pneumonia, respiratory failure, or death. Preventive measures to limit the
spread of COVID-19 include good hygiene such as washing hands
frequently, wearing masks, avoiding large gatherings, practicing social
distancing, and getting vaccinated. Treatment options vary depending on
the severity of symptoms but may include supportive measures such as
oxygen therapy or antiviral drugs. Infection rates with the COVID-19
virus which originated in the Wuhan province of China are increasing
rapidly in the European continent. Therefore, European Union (EU)
member countries had to impose sanctions in the form of strict measures,
such as the closure of public areas. Concerns arising from the rapid
spread of the pandemic in the EU member countries led to the rapid
execution of vaccination campaigns, especially before winter and flu

season. Certainly, these studies provide valuable insights into the impact



Fen Bilimleri & Matematikte Giincel Arastirmalar - Haziran 2023 - 113

of the COVID-19 pandemic on various aspects in different countries in

the European Union.

Some of the studies on the COVID-19 pandemic in EU in the literature
can be given as follows; Largent et al. (2021) conducted survey to
determine factors influencing hospital healthcare professionals' intentions
to vaccinate against COVID-19 in France. Fisman et al. (2019) predicted
the impact of closing on mortality from coronavirus disease. Loda (2020)
highlighted influence of COVID-19 on medical education in Germany.
Bohdan et al. (2021) determined the impact of COVID-19 pandemic on
the Legal Migrant in Poland, Portugal, Latvia, and Belgium. Zavras
(2021) studied the impact of COVID-19 on income in Greece.
Chodkiewicz et al. (2021) focused on mental health during the COVID-
19 pandemic's second wave. Edelhauser et al. (2021) attempted to assess
the impact of one year of online education on the Romanian educational
system. Chen et al. (2022) presented influence of COVID-19 pandemic
on mental health and health behaviors in Swedish. Trifonova (2022)
investigated Journalism's Challenges and Opportunities in Bulgaria's

COVID-19 Communication Ecology.
3.1.Data Description of the European Union COVID-19 Pandemic

The data used in this study is available in

https://github.com/owid/covid-19-data/tree/master/public/data/ and

includes six different explanatory variables associated to the “total deaths
attributed to the COVID-19 pandemic” from 26 EU member countries on
February 1, 2020. EU member countries taken into the study are Cyprus,
Luxembourg, Malta, Estonia, Slovenia, Denmark, Latvia, Switzerland,
Netherlands, Slovenia, Austria, Lithuania, Belgium, Czech Republic,
Portugal, Croatia, Hungary, Bulgaria, Romania, Sweden, Greece,

Germany, Poland, France, Spain, and Italy as the subjects of this
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study.The aim of this study is to determine the covariates influencing the
total deaths of COVID-19 in the EU member countries on February 1,
2020 by using Poisson regression model, Negative Binomial Type I (NB-
1) regression model, zero-truncated Poisson (ZTP) regression model, zero
truncated negative Binomial Type I (ZTNB-1) regression model, with the

log-link functions.

Table 1. Explanatory variables used in this study to model EU Member
Countries COVID-19 Pandemic data by count regression models in the
GAMLSS family.

Explanatory Variables Descriptions of the Explanatory Variables
Male smokers Share of men who smoke, most recent year available
GDP per capita As gross domestic product at purchasing power parity, most recent

year available

Aged 65 older Share of the population that is 65 years and older, most recent year
available

Hospital beds per thousand Hospital beds per 1,000 people

Diabetes Prevalence Diabetes prevalence (% of population aged 20 to 79)

Life Expectancy Life expectancy at birth in 2019

Descriptive statistics and also skewness and kurtosis values of the
response variable and the explanatory variables to model EU Member

Countries COVID-19 Pandemic Data are represented in Table 2.

Table 2. Descriptive statistics and measures of the shape of the
distributions of the response variable and the explanatory variables to
model EU Member Countries COVID-19 Pandemic Data

Total 551 16906 | 34686 | 146925 1.45 3.77
COVID-19

deaths
Male smokers | 18.80 | 32.25 33.64 | 52.70 0.53 2.89
Log (GDP per | 4.26 4.52 4.55 4.97 0.68 3.51
capita)
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Aged 65 older | 13.42 19.31 18.84 | 23.02 -0.91 3.49

Hospital beds | 2.22 4.61 4.97 8.00 0.09 1.78

per thousand

Diabetes 3.28 5.78 6.15 9.85 0.53 2.35
prevalence

Life 75.05 81.44 80.42 | 83.78 -0.73 2.21
expectancy

Gamlss.tr library in R is used to create zero truncated distributions and

then to construct zero-truncated regression models used in this study.

Maximum likelihood (ML) method is used for estimating parameters of

the Poisson regression model, NB-1 regression model, zero truncated

Poisson regression model, and zero truncated NB-1 regression model.

The results of the count regression models in the GAMLSS family to

model EU Member Countries COVID-19 Pandemic Data are given in

Table 3, respectively.

Table 3. Count regression models in the GAMLSS family to model EU
Member Countries COVID-19 Pandemic Data

Poisson Regression model ‘

Type of Mu link function:

Mu Coefficients:

(Intercept)
agebSolder
diabetes

male smokers
hospital beds
life expectancy
log(GDP)

Signif. codes: @

log
Estimate Std. Error
§.2236148 @.8579701
©.8676922 ©.0006926
-8.1164823 0.0006948
-8.8685843 ©.0002348
8.6112848 @.eele7e7
8.4863635 ©.0089578
-8.4938828 ©.0194767
[+ 3] 9_991 [+ 2] 9_91 %2 9_

t value
141.86
97.74

-167.85
-293.12
570.84
588.22
-436.86

Pr(>ltl)

<2e-16 ***
<2e-16 ***
<2e-16 **x
<2e-16 ***
<2e-16 ***
<2e-16 ***
<2e-16 ***

es .2 @811
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Negative Binomial Type | Regression model

Type of Mu link function: log
Mu Coefficients:
Estimate  Std. Error  t value Pr(>|t])

(Intercept) -13.85242 5.29613 -2.616 8.81616 *
diabetes 8.21512 8.83783 5.687 1.21e-@5 #***
hospital beds 8.73911 8.1e861 6.885 9.94e-@7 ==
life expectancy 8.42773 0.06418 6.664 1.35e-86 *=*
log(GDP) -3.41967 1.18332 -2.89% 0.88876 **

Type of Sigma link function: log
Sigma Coefficients:

Estimate  Std. Error tvalue  Pr(>|t])
(Intercept) -55.7535 13.3437 -4.178 0.000424 **=
life expectancy 9.6868 8.1645 4,175 0.000428 ===

Zero Truncated Poisson Regression model ‘

Type of Mu link function: log
Mu Coefficients:
Estimate Std. Error  t value Pr(:|t])

(Intercept) 8.2117468 ©.8579666 141.66  <2e-16 ***
ageb5older 8.8676052 ©.8886926 97.61 <2e-16 ***
diabetes -8.1162129 @.8806939  -167.48  <2e-16 ***
male smokers -0.0685484 9.8802340  -292.94  <2e-16 ***
hospital beds 8.6112054 @.e8l87a7 578.87 <2e-16 ***
life expectancy @.4863064 ©.80889570 588.13  <2e-16 ***
log(GDP) -8.4897725 0.9194760  -435.91 <2e-16 ***

Signif. codes: 8 “*** 9,881 “**’ B9.01 “*’ 8.685 .’ 8.1 © ' 1
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Zero Truncated Negative Binomial Type | Regression model

Type of Mu link function: log

Mu Coefficients:

Estimate Std. Error t value Pr(>|t])
(Intercept) 4.42758 4.93468 8.897 8.3808
diabetes 8.19634 8.83258 6.0841 §.23e-86 ===
hospital beds 8.52675 8.88582 6.195 5.94e-86 ===
male smokers 8.83377 8.e1188 -2.842 g.ele4 =
life expectancy 8.33238 8.84166 7.978 1.75e-@7 ===
log(GDP) -5.26958 8.76986 -6.845 1.57e-86 ===

Type of Sigma link function: log

Sigma Coefficients:

Estimate  Std.Error t value Pr(s|tl)
(Intercept) -54.5137 8.16088 -6.68@ 2.18e-86 ***
life expectancy 8.9441 8.1225 7.784 2.92e-97 ===
log(GDP) -4.8245 1.8688 -2.583 8.e182 =

Signif. codes: @ “***’ g.@@l “**’ @.01 =’ @.@5 7.’ @.1 ** 1

The link function of the Poisson regression model belonging to the EU
Member Countries COVID-19 Pandemic Data is given as follows;

log() =8.22+0.06(age 65 older) — 0.1 1(diabetes) —0.06(male smoker s) ®)
+0.61(hospital beds) + 0.48(life exp ectancy)—8.49(log(GDP))

The link functions of the NB-1 regression model belonging to the EU
Member Countries COVID-19 Pandemic Data is given as follows;

log(x) = —13.85+0.21(diabetes) + 0.73(hospital beds) (9)
+0.42(lifeexp ectancy) —3.41(log(GDP))

log(o) = —55.75 + 0.68(life exp ectancy) (10)

The link functions of the zero-truncated Poisson regression model
belonging to the EU Member Countries COVID-19 Pandemic Data is

given as follows;
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log(;z) =8.211+ 0.06(age 650lder) — 0.1 1(diabetes ) — 0.06(malesmo kers) (1 1)
+0.61(hospitalbeds ) + 0.48(life expectancy ) — 8.48(log(GDP))
The link functions of the zero-truncated NB-1 regression model
belonging to the EU Member Countries COVID-19 Pandemic Data is

given as follows;

log(u) = 0.19(diabetes) + 0.03(male smoker s) (12)
+0.52(hospital beds)+ 0.33(life exp ectancy) —5.26(log(GDP))

log(o) =—-54.51+0.94(life exp ectancy)—4.82(log(GDP)) (13)

Information criteria (IC) as Akaike information criteria, Bayesian
information criteria, generalized Akaike information criteria, and also
log-likelihood value to compare count regression models in GALMSS
family to determine the most appropriate model belonging to the EU
Member Countries COVID-19 Pandemic data are given in Table 4.

Table 4. Information criteria to compare count regression models in

GALMSS family belonging to the EU Member Countries COVID-19
pandemic data.

Type of count Information criteria

regression models in

GALMSS family

AIC BIC Log- GAIC
likelihood
Poisson 613491.09 613500.42 -306738.5 613491.09
NB-1 624.91 634.23* -305.54 624.91
Zero truncated 613491.10 613500.41 -306738.6 613491.10
Poisson
Zero truncated NB-1 623.08* 635.07 -302.54* 623.08*
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The smallest information criteria values given in Table 4 count regression
models in GALMSS family belonging to the EU Member Countries
COVID-19 pandemic data indicate the most appropriate model as the
“zero truncated NB-1 regression model”. On the other hand, BIC showed
a discrimination problem to determine the best model with a small

deviation.

Residual plots for the zero truncated NB-1 regression model as the most
appropriate model belonging to the EU Member Countries COVID-19
Pandemic data are given in Figure 1. Summary of the Quantile Residuals
for the zero truncated NB-1 regression model in the GAMLSS family to
model EU Member Countries COVID-19 Pandemic Data are given in
Table 5. As seen from Table 5, the mean is close to zero, variance is close
to one, coefficient of skewness is close to zero, and coefficient of kurtosis
is close 2.6. As seen from Figure 1 and Table 5, this model's residuals
exhibit good behavior. In addition, the negative value of the coefficient of

skewness indicates that there is a longer left tail than the right tail.

Figure 1. Residual plots for the zero truncated NB-1 regression model in
the GAMLSS family to model EU Member Countries COVID-19
Pandemic Data

Against Fitted Values Against index

|
@
]
@
@
Quantile Residuals
2 4 0 1 2
|
&
]

Quantile Residuals
2 4 0 1 2
|

T T T T T
0 20000 60000 100000 o 5 10 15 20 25

Fitted Values index

Density Estimate Normal Q-Q Plot

Densiy
000 010 020 03
T I O O R B
Sarmple Quantiles




120 *+ Mohamad ALNAKAWA, Neslihan IYIT

Table 5.Summary of the Quantile Residuals for the zero truncated NB-1
regression model in the GAMLSS family to model EU Member
Countries COVID-19 Pandemic Data

Summary of the Randomized Quantile Residuals

Mean 0.135
Variance 1.125
Coefficient of skewness -0.221
Coefficient of kurtosis 2.688

4.Conclusion

As a main conclusion of this study, the expected value of the location
parameter of the zero truncated NB-1 regression model for the “new
COVID-19 deaths” data according to the EU Member Countries on
February 1, 2020

increases € =1.03 times by 1% change in male smokers,

decreases e >2° =0.005 times by 1 unit change by log(GDP per
capita),

increases e”** =1.68 times by per thousand hospital beds,

increases €*'”=1.20 times by 1% change in diabetes
prevalence,

increases e”>> =1.39 times by life expectancy at birth.

The expected value of the scale parameter of the zero truncated NB-1
regression model for the “new COVID-19 deaths” data according to the
EU Member Countries on February 1, 2020

increases e”** =2.55times by life expectancy at birth.

decreases e ** =0.008 times by 1 unit change by log(GDP per
capita)
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INTRODUCTION

Poly(lactic-co-glycolic acid) (PLGA), which has been widely re-
searched for therapeutic purposes recently, is a synthetic biopolymer in
polyester structure approved by US Food and Drug Administration (FDA)
and European Medicine Agency (EMA). Excellent biocompatibility and
controlled biodegradability of PLGA have given very effective properties
for therapy in the medical related field such as drug/gene delivery, bioma-
terials, etc. For instance, a new nanomedicine approach was presented with
the design of catalase&imiquilod-encapsulated PLGA nanoparticles that
increase the effectiveness of radiotherapy by Chen et al. A PLGA nanopar-
ticular system was prepared that modulates the tumor microenvironment
and induces a strong antitumor immune response. The PLGA nanoparticle
system also created a long-term immunological memory and created the
synergy of preventing metastasis. (Chen et al., 2019)

PLGA micro (MPs) and nanoparticles (NPs) can be prepared in a ma-
trix (capsule) or core-shell (sphere) morphology in sizes of 1-1000 um
(Mishra & Singh, 2020) and 1-1000 nm (Zielinska et al., 2020), respective-
ly, according to their areas of use. Polysorbate-80 coated PLGA nanopar-
ticle formulations loaded with the anti-cancer drug rapamycin, which has
a classic water solubility problem, have been investigated for the treat-
ment of glioma. Nanoparticles showing promise for advanced treatments
demonstrated good results in the in vitro drug release behavior, storage
stability, and in vitro anti-glioma activity. (Escalona-Rayo et al., 2019)
In another study, two synthetic controlled-release biomaterials, hydrogel/
PLGA MP vaccine delivery system were developed to activate immune
cells as vaccine adjuvants. With this study, the successful results of hy-
drogel/PLGA MPs that prevent type 1 diabetes were shown by explaining
their mechanisms. (Yoon et al., 2015) Saleh et all. explained that chloro-
genic acid (CGA) isolated from Euphorbia milii flowers was an effective
phytochemical against respiratory tract infections. The phytochemical was
nano-formulated into the PVA/PLGA polymeric matrix by the electrospray
technique. They reported that CGA PVA/PLGA nanoparticles had antiviral
activity on coronavirus (HCoV-229E) and (Middle East respiratory syn-
drome coronavirus (MERS-CoV), NRCEHKU270), which were global
problems during the pandemic. (Saleh et al., 2023)

In this chapter, as described with a few examples above, it was aimed to
summarize the considerable literature regarding recent progress in the PLGA
micro- and nanoparticles. Special focuses would be on the novel properties,
preparation methods, characterization, pharmaceutical formulations, loading
methods, and release mechanisms of macro and nanoparticles as well as ra-
diotherapy, chemo-chemodynamic therapy, stem/stromal cell therapeutics,
regenerative medicine, gene therapy, and vaccine systems.
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OVERVIEW OF THE PLGA

Biocompatible and biodegradable polymer research, the bioavail-
ability of which has been developed for biomedical, nanomedicine, tissue
engineering, drug delivery, and health chemistry applications, has been
increasing rapidly over the past 20 years. (Aksoy, Taskor, Gultekinoglu,
Kara, & Ulubayram, 2018; Taskor Onel, 2023) PLGA is one of the trendy
biocopolymers in this field. Two types of PLGA synthesis methods have
been widely reported in the literature. The first and most popular is the
ring-opening polymerization method of lactide and glycolide structures.
(Taskor Onel, 2023) The second method is the direct condensation reac-
tion of lactic acid and glycolic acid and is less preferred. (Gentile, Chiono,
Carmagnola, & Hatton, 2014) It is synthesized on a wide range of molec-
ular weight depending on different ratios of monomers. Depending on the
molecular weight and monomer ratios of the synthesized PLGA, polydis-
persity, crystallinity, tacticity, pH, biological conditions, hydrophilic & hy-
drophobic functional groups, stereo sequence, bioavailability, biodegrada-
tion, and biocompatibility have been changing. (J. Li, Stayshich, & Meyer,
2011; Shaver & Cameron, 2010; Zolnik & Burgess, 2007)

Differentiation of catalyst and initiator ratios in PLGA synthesis a
research article has been reported in which its effects on the molecular
weight, monomer transformation, and thermal properties of the polymer
have been determined by Little et al. Increasing the reaction temperature
from 130°C to 205 °C significantly reduced the time required for high
monomer transformations, while reducing the amount of catalyst used re-
sulted in a longer reaction time and a higher temperature needed to com-
plete the reaction. (Little et al., 2021) In the study of Dai et al., they stated
that lactic acid, which is revealed as a result of the degradation of PLGA,
causes inflammation. They synthesized the cross-linked crystal structure of
PLGA to prevent inflammation. Because of PLGA has controllable crys-
tallinity, the biodegradability property has also been controllable. They ex-
plained that crystal PLGA, whose hydrolysis results are also supported by
cell culture studies, is an ideal biomaterial for tissue engineering studies.
(Dai, Liang, Zhang, Bernaerts, & Zhang, 2021)

The preparing a large number of different biomaterials such as micro/
nanoparticles, fibers, composites, lipid hybrid structures, gels, sponges,
scaffolds, and implants with PLGA biopolymer offers an increasing re-
search area every day. (Ghitman, Biru, Stan, & lovu, 2020; Pandey & Jain,
2015; Sarkar et al., 2022) The most cited PLGA publications are on ex-
plaining the chemical and physical properties of PLGA and clarifying the
production methods of drug carrier systems such as PLGA micro/nanopar-
ticles, which is the most basic field of the application when examined.
(Danhier et al., 2012; Makadia & Siegel, 2011) When current publications
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were examined, more detailed publications such as the study of the effect
of particle size on water solubility and the preparation of PLGA hybrid
systems for increasing stability and bioavailability were reflected in the
literature. (Sher, Zahoor, Shah, & Khan, 2023; Yuan et al., 2023)

Articular cartilage, which is a very special tissue for living things,
provides a smooth surface for joint movement and load transmission, and
it is a big problem for tissue engineering because its regeneration is limit-
ed. In the study, dental follicle mesenchymal stem cells (Mscs) had ideal
properties for cell formation, proliferation, and differentiation on the scaf-
fold prepared from PCL/PLGA (80:20) mixture, and their ability to differ-
entiate into chondrocytes was reported. (Gonzalez-Gonzalez et al., 2023)
The fact that PLGA-containing biopolymers have nontoxic properties and
exhibit cellular integration in the cartilage region shows that they are ideal
biomaterials for clinical treatments. Research that attracts attention about
PLGA micro and nanoparticles in the literature is detailed under the fol-
lowing headings.

PLGA MICRO AND NANOPARTICLES

PLGA micro and nanoparticles have excellent cellular compatibility,
biodegradation profiles, and adjustable drug release properties are tradi-
tional information. (Guo et al., 2023) Aseptic loosening and periprosthetic
infections at the interface between inert ceramic implants and body tis-
sues are important complications. In order to prevent these complications,
PLGA nanoparticles loaded with gentamicin and bacitracin antibiotics and
calcium phosphate-coated implants have been prepared. Thus, a new gen-
eration of implants with antimicrobial properties with increased bioactivity
was prepared with PLGA nanoparticles. It had been observed that implants
inhibited bacterial activity for 1 month owing to controlled drug release
and support excellent behavior showing the homogeneous distribution of
cells. (Desante et al., 2023)

The drug afatinib is widely used for the treatment of lung cancer. The
PLGA nanoparticle formulation of afatinib was often preferred because of
increasing the bioavailability of the drug. (Elbatanony et al., 2021) In the
research of Vanza et al., afatinib PLGA NPs formulation was switched to
dry powder form by lyophilization technique. They reported that afatinib
PLGA in this powder forum penetrates deeper areas of the lung as a result
of being delivered to the lung by inhaler method with NPs. They also ob-
served that in vitro experiments with the A549 adenocarcinoma cell line
showed better inhibition of nanoformulation compared to pure drug. (Van-
za, Lalani, Patel, & Patel, 2023)

Cheng et al. obtained PLGA orthoester functionality with polyeth-
ylene glycol methyl ether and made the polymer sensitive to acid in order
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to accelerate drug release. In addition, hemin&cisplatin were loaded onto
the prepared PLGA nanoparticles, and active targeting with phenylbo-
ronic acid was used in the design. It has been found that this hybrid nano-
system effectively improves blood stability and circulation time with PEG
coating, and efficiently increases cellular uptake after reaching tumor areas
with a phenyl boronic acid targeting agent. Furthermore, hemin, which was
capsulated with PLGA nanoparticles, increased the formation of oxygen,
and this was reported to significantly increased the release rate because it
stimulated biodegradation. As a result, hybrid PLGA nanoparticles were
reported to effectively inhibit the increase of drug-resistant A549 lung
cancer cells with chemotherapy and chemodynamic combination therapy.
(Cheng et al., 2023)

CONTROLLED/SUSTAINED-RELEASE DRUG DELIVERY
SYSTEMS

Numerous studies have been reported on controlled drug release stud-
ies of PLGA or hybrid formulations of PLGA in literature. (Han, Thurecht,
Whittaker, & Smith, 2016; Hines & Kaplan, 2013; Yoo & Won, 2020) In
a newly published study, bionic red blood cell (RBC)-like Fe,O,@PL-
GA-PEG-PLGA microparticles were prepared by one step-double-needle
electrospray method. It was found that the hydrophilicity of MPs was in-
creased with the PLGA-PEG-PLGA block copolymer, supported the pro-
liferation of human umbilical vein endothelial cells and adhesion proteins,
and significantly improved cell affinity. The results also demonstrated that
RBC-like MPs could provide magnetic targeting to drug delivery systems
with their magnetic property, and particles can also be monitored by bioim-
aging techniques with their luminescence ability. (Xu et al., 2023)

The release rate of drugs depends on many parameters such as the
shape of particles, size, molecular weight of the polymer, functional
groups, branching, crystallinity, and tacticity. (Son, Lee, & Cho, 2017) In
this study, which examines the effect of drugs itself on drug release rate,
donepezil was loaded into PLGA microspheres and in vitro and in vivo
release rates were compared. PLGA microspheres, which were loaded with
donepezil in amorphous form, were found that polymers’ molecular weight
and end group did not affect the in vitro and in vivo performance. How-
ever, as a result of the basic catalysis effect induced by the biodegradation
effect of donepezil on PLGA microspheres, it was found that the molecu-
lar weight with GPC fell sharply to 11,000 Da within the first three days.
Moreover, a correlation was observed between in vitro release and in vivo
absorption. (Quan, Guo, LinYang, Cun, & Yang, 2023)
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REGENERATIVE MEDICINE APPLICATIONS

PLGA micro and nanoparticles are successful biodegradable bioma-
terials due to their hydrophilicity and were studied widely due to their
ability to repair or replace cells and tissues that have been impacted by
illness, age, or injuries, and also to normalize congenital abnormalities
in regenerative medicine. (Sharma et al., 2023) The wound-healing pro-
cess in diabetes patients is a chronic problem. (Spampinato, Caruso, De
Pasquale, Sortino, & Merlo, 2020) Mesenchymal stem cells were reported
to improve diabetic wound healing, so PLGA nanoparticles encapsulated
with the anti-inflammatory and angiogenic cytokine IL-8 were prepared
to improve proliferation, differentiation, and anti-apoptosis ability. These
PLGA nanoparticles integrated into the intracellular dermal matrix in the
cutaneous wounds of diabetic mice were observed to effectively induce
capillary structure, collagen accumulation, and wound healing. Further-
more, advanced immunofluorescence analysis showed that proangiogenic
factors (VEGF and a-SMA) were upcoordinated in the regenerated tissue
when examined. (Zhang et al., 2023)

When a different diabetic wound healing study was examined, Human
beta defensin-2 loaded PLGA nanoparticles impregnated in collagen/chi-
tosan composite scaffolds were formulated for the accelerated healing of
diabetic wounds. In vitro studies on biodegradable cross-linked scaffolds
have shown that the structure was biocompatible for cell development, and
angiogenesis and had optimal porosity for drug release. /n vivo studies in-
dicate that the group treated with scaffolds containing PLGA nanoparticles
accelerated recovery compared to control groups. The accelerated recov-
ery in the group treated with this hybrid scaffold was reported to be due to
the synergistic effects of PLGA, angiogenic effect, and collagen synthesis;
Human beta defensin-2 having anti-inflammatory, anti-bacterial, positive
angiogenic effect, cell proliferation and migration; collagen establishing
wound healer and stabilizer as well as chitosan having anti-bacterial activ-
ity. (Sanapalli et al., 2023)

NEXT-GENERATION VACCINES

In recent years, the importance of vaccines has attracted attention again
with the COVID-19 pandemic. Encapsulation of mRNA-based covid-19
vaccines with lipid nanoparticles has accelerated research on the develop-
ment of new-generation vaccines. (Schoenmaker et al., 2021) In a recent
study, the autoinducer N-octanoyl-L-homocerinehomocerine lactone (C8-
HSL), one of the adjuvants that increased the level of immune response to
the antigen and modulate the stability and immunogenicity of vaccine an-
tigens, had formulated a PLGA microparticle for next generation vaccines.
The results of in vitro immunogenicity tests of C8-HSL PLGA microparti-
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cles showed that they were as immunogenic as FDA-approved adjuvants.
It had been reported by researchers that C8-HSL adjuvants formulated with
PLGA microparticles could increase the immunogenicity of both bacterial
and viral vaccines. (Shah, Joshi, Chbib, Roni, & Uddin, 2023)

Gu et al. investigated how the surface charge and antigen loading
mode of nanoparticles affect immune responses in the PLGA nanoparticle
vaccine delivery systems research they developed. In this study, three oval-
bumin-loaded PLGA nanoparticles with different surface charges and anti-
gen loading modes were developed and the nanoparticles were designed as
negatively charged Angelica sinensis polysaccharide-encapsulated antigen,
polyethyleneimine-coated encapsulated antigen, and adsorbed antigen on
polyethyleneimine-coated. According to the results of in vivo experiments,
it was observed that positively charged polyethyleneimine-coated PLGA
nanoparticles had the potential to induce stronger and longer-lasting humor-
al and cellular immune responses, as they supported antigen escape from the
endosome, which led to cytoplasmic antigen transmission. (Gu et al., 2019)

SOME THERAPEUTIC TECHNOLOGIES

Therapeutic systems, which pave the way for the field of personal-
ized treatment, focus on the development of biomaterials in accordance
with needs. (Chandrasekaran, Capozza, & Wong, 1978) Acute liver failure
occurs with symptoms of hepatocellular necrosis, inflammation, and in-
creased oxidative stress. (Blackmore & Bernal, 2015) It was developed a
hybrid system consisting of versatile biomimetic copper oxide nanozymes
loaded PLGA nanofibers and decellularized extracellular matrix hydro-
gels for delivery of human adipose-derived mesenchymal stem/stromal
cells-derived hepatocyte-like cells for the treatment of acute liver failure. It
was reported that with this hybrid PLGA nanofiber structure, results were
observed that clear the accumulation of oxidative stress at the initial stage
of acute liver failure and reduce the accumulation of large pro-inflamma-
tory cytokines, effectively preventing the deterioration of hepatocellular
necrosis. In addition, it was stated that the cytoprotection effect on the
transplanted hepatocyte-like cells of PLGA nanofibers was observed in
vivo conditions. (Jin et al., 2023)

Cancer cells sometimes need non-essential biomolecules for survival,
growth, and proliferation. (Schiliro & Firestein, 2021) Enzyme-based ther-
apeutics are the ideal approaches for the inhibition of these biomolecules.
(Chandan et al., 2023) Silica-coated PLGA nanoparticles encapsulating
these enzymes were proposed for cancer therapy by Gustafson et al. They
reported that the ideal therapeutics were silica-coated PLGA nanoparticles
encapsulated with enzymes that supported the long-term and controlled
release to cancer cells under in vivo conditions. (Gustafson et al., 2023)
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GENE DELIVERY

Lipid micro and nanoparticles are popular with their easy production
methods, but they have stability problems due to their easy and quick aggre-
gation. Whereas, hybrid nanoparticle formulations with lipid, PLGA-PEG
polymers were proposed as newly developed systems for transporting ge-
netic materials. It was observed that when DNA and mRNA were loaded
into lipid-modified PLGA-PEG nanoparticles and examined in vitro and in
vivo, the genetic material was stored for at least 12 months at -20° C after
lyophilization without losing its transfection efficiency. In addition, it was
reported that this hybrid material offers improved transfection efficiency,
sustained gene release behavior, and excellent stability for gene therapy.
(Z. Lietal., 2022)

Not only PLGA but also block copolymers of PLGA are often used
for gene and drug carrier systems. (Adams, Lavasanifar, & Kwon, 2003;
Jeong, Kim, & Park, 2004) In a newly published study, amphiphilic 4-arm
star-shaped and linear polylactide-b-poly[(oligoethylene glycol)methy-
lether acrylate] and PLGA-b- polylactide-b-poly[(oligoethylene glycol)
methylether acrylate] biodegradable block copolymers were synthesized
by ring-opening polymerization and radical polymerization. It was report-
ed that micro and nanoparticles prepared using these polymers tended to
form spontaneously, and were new biomaterials with biocompatible and
biodegradable properties. (Oliveira et al., 2023)

CONCLUSION AND FUTURE OUTLOOK

With this review study, which aims to provide some new ideas for
PLGA micro nanoparticles for widespread application areas in the future, a
perspective on clinical treatments and future research areas was presented.
PLGA micro nanoparticles are currently being designed according to spe-
cific application areas and research is being intensified in the direction of
preparing hybrid formulations with other biomaterials. PLGA, an ossified
biomaterial for drug carrier systems, is now also participating in hybrid
formulations for gene therapy. The use of PLGA as an encapsulation mate-
rial and stabilizer in vaccines based on genetic material, which came to the
fore with the COVID-19 pandemic, attracts attention. In addition, PLGA
is often preferred as a wound-healing biomaterial loaded with active sub-
stances in tissue engineering applications. In the new generation of hybrid
therapeutic systems, PLGA also appears in the role of increasing bioavail-
ability. Considering the speed of PLGA-based research, it is inevitable
that PLGA micro-nanoparticles, nano-vaccines, regenerative biomaterials,
next-generation therapeutic systems, and drug/gene delivery systems will
become more effective and widespread in the next decade.
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Introduction

Myxomycetes are known as true slime molds, plasmodial slime molds
or Myxogastrea. Myxomycetes are multinuclear single-celled organisms
that can produce one or more spores (Stephenson & Stempen, 1994; Baba
and Sevindik, 2018; Sevindik et al., 2018). Myxogastrea species are abun-
dant in cool, moist and shaded areas such as rotten tree trunks, branches,
alive or dead bark, decayed fruit or fruit scraps, decayed leaves and leaf
debris. Myxomycetes live in the environment by feeding on other micro-
organisms (bacteria, yeasts, fungus hyphae, blue-green bacteria and green
algae) (Farr, 1981; Sevindik and Akgiil, 2019). Myxogastrea fruitbodies
could develop spontaneously in the nature. Furthermore, especially after
identification with the moist chamber technique, they could be detected
especially on plant surfaces (Harkonen & Ukkola, 2000). The number of
known Myxomycetes species is 1088 taxa globally (Lado, 2023). 309 taxa
were identified in Turkey (Baba and Sevindik, 2019; Baba and Atay, 2019;
Baba et al., 2018; Ocak and Konuk, 2018; Baba et al., 2019; Baba and
Sevindik, 2020a; Baba et al., 2020a; Baba et al., 2020b; Sesli et al., 2020;
Baba, 2021; Baba and Sevindik, 2021; Baba et al., 2021a; Baba et al.,
2021b; Baba et al., 2021c; Eroglu, 2021; Baba and Sevindik, 2022a; Baba
and Sevindik, 2022b; Baysal and Eroglu, 2022).

In Order Physarales: Fruiting bodies with granular or crystalline cal-
careous deposits on some of their structures, calcium in the peridium,
stalk, or capillitium. Columella present or absent. Capillitium always pres-
ent, filamentous or tubular, sometimes provided with calcareous nodules.
Spores black, dark purple or purplish brown in mass, dark purple to pur-
plish brown under the microscope. Plasmodium of the phaneroplasmodi-
um type. The distinguishing characteristic of the Physarales is the presence
of lime (calcium carbonate) in some parts of the fruiting bodies, either in
stalk, peridium or capillitium.

Family Physaraceae: Fruiting bodies sessile or stalked, sporocarpic or
plasmodiocarpic, rarely aethalioid, with calcareous deposits in some parts
of their structure, without oil or wax. Peridium usually with granular cal-
careous deposits, the wall a thin membrane, usually with an outer layer of
minute roundish granules of lime. Stipe present or often absent, seldom
prolonged within the sporangium as a columella. Columella absent, rare-
ly present, sometimes with a calcareous pseudocolumella. Capillitium a
network of hyaline tubules connecting calcareous nodes, sometimes with
branched threads or simple and unbranched peridial outgrowths. Consist-
ing of slender tubules, which branch repeatedly in every direction and
anastomose to form an intricate network, the extremities attached on all
sides to the wall of the sporangium. The tubules more or less expanded
at the angles of the network and inclosing minute roundish granules of
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lime, these granules either aggregated into nodules with intervening empty
spaces or more rarely distributed throughout their entire length. Spores
globose, very rarely ellipsoidal, violaceous.

Material and methods

Two species are obtained by Baba and his friends were collected from
the natural environment or obtained in the laboratory using by moist cham-
ber technique. Natural myxomycete samples were collected from natural
area. On different substrates, cortex, woods, barks, leaf, debris, organic
plants and animal material samples were transported to the laboratory in
small carton boxes. Furthermore, after the field studies, myxomycete fruc-
tifications were obtained from the moist chamber culture in laboratory. For
moist chamber culture; live or dead plant materials (forest floor litter, aerial
litter, wood and bark from living or dead trees) were obtained at a number
of localities. Moist chambers cultures consisted of disposable plastic petri
dishes lined with filter paper. The sample material in each dish was moist-
ened with distilled water. After a period of approximately 24 -48 hours (in
summer 48 hours, in winter 24 hours), excess water in each dish was re-
moved. Cultures were kept at room temperature (24°C) in diffuse daylight
(Baba et al., 2021b). Examined with a stereomicroscope on a regular basis
for a period of up to two months in order to detect plasmodia or fruiting
bodies. When necessary, a small amount of water was added to each cul-
ture to maintain moist conditions. The moist chamber with the developing
myxomycete samples was allowed to dry and the myxomycetes were dried
for one week. Myxomycete plasmodia or fruiting bodies were noted and
recorded. Each time the cultures were checked. All fruiting bodies were
removed. Air-dried and glued in small pasteboard boxes for permanent
storage. The samples were photographed and identified.

The samples were identified under stereomicroscope and light mi-
croscopy. General structure, plasmodium type, fructification type, shape,
colour, macroscopic measurements, the presence or absence of lime or the
color and shape of the samples were examined with the stereomicroscope.
In light microscopy, the capillitium, spore, shape, color, size, ornamen-
tation, branching shape, features was observed. Capillitium, pseudo-cap-
illitium and columella or pseudo-columella, capillitium formation, shape
and size, condition of columella (free or attached) were examined with
light microscopy. Furthermore, the shape, color, size and ornamentation of
the spores were examined. For every species recognized, the most typical
specimens were used for providing descriptions. Species descriptions were
used to define the genus and to provide a dichotomous key to the spe-
cies. Spore colors were obtained in 10% NH3 solution. The myxomycete
samples were identified based on a variety of digital and printed sources
(Nomen.eumycetozoa.com; Martin and Alexopoulos, 1969; Farr, 1976;
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1981; Thind, 1977; Martin et al., 1983; Stephenson and Stempen, 1994;
Ing, 1994; Neubert et al., 2000; Alexopoulos et al., 1996; Lado and Pando,
1997; de Haan et al., 2004; Stephenson and Rojas, 2017; Baba and Dogan,
2018; Baba and Er, 2018; Ziimre et al., 2019). Samples were arranged as
fungarium material and kept in the Biology Department’s laboratory of
Hatay Mustafa Kemal University Hatay-Turkey. The list below includes
the recorded myxomycetes, arranged alphabetically, taxonomic treatment
includes a key to species, generic and specific descriptions, photos, habitat
data and comments.

Results and discussion

Eukaryota

Protista

Mycetozoa

Myxomycetes

Physarales

Physaraceae

Genus Fuligo Haller, Hist. stirp. Helv. 3:110 (1768)
Synonyms:

Lignydium Link, Ges. Naturf. Freunde Berlin Mag. Neuesten Ent-
deck. Gesammten Naturk. 3(1):24 (1809)

Aethalium Link, Ges. Naturf. Freunde Berlin Mag. Neuesten Entdeck.
Gesammten Naturk. 3(1):24 (1809)

Aethaliopsis Zopf, in Schenk, Handb. Bot. 3(2):149 (1885)
Erionema Penz., Myxomyc. Fl. Buitenzorg 36 (1898)
Fuligo subg. Erionema (Penz.) Y. Yamam.,

Description; Fructification aethalioid, occasionally subplasmodio-
carpous, consisting of interwoven and poorly defined tubes. Sporotheca
elongate, branched, and interwoven, combined to form a pulvinate acthali-
um, outer portion sterile, barren and forming a fragile cortex, charged with
deposits of lime granules and without spores sometimes nearly lacking.
Basal layer a membranous hypothallus, the intermediate portion contain-
ing spores, capillitium, and limy walls derived from the plasmodial tubes.
Lime present on the peridium and in the capillitum, of rounded granules.
Columella none. Capillitium a network of limeless tubules with connected
calcareous nodes at many or all the junctions, hyaline, tubular threads con-
necting the lime-knots, forming a net-work of irregular meshes, more or
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less expanded at the angles, the tubules containing in greater or less abun-
dance irregular nodules of lime, often rather scanty. Spores dark in mass.
Spores globose or sometimes ellipsoidal, violaceous.

Comments: Fuligo, genus of true slime molds (class Myxomycetes)
whose large fruiting body (compound sporangia), 5 centimetres or more
long and about half as wide, occur commonly on decaying wood. The com-
ponent sporangia branching and anastomosing in every direction, com-
plicate and grown together consisting of interwoven and poorly defined
tubes each with a calcareous. The sporangia, on bursting, release fine black
spores. Fuligo septica, the best-known species, is also called “flowers of
tan,” from the frequent appearance of its yellow fruiting body in tan bark
bits used for tanning hides. According to the literature only 10 species are
recognized all over the World (Lado, 2005-2023).

Distribution: 10 species are recognized all over the world, Fuligo
aurea (Penz.) Y. Yamam., Fuligo cinerea (Schwein.) Morgan, Fuligo in-
termedia T. Macbr., Fuligo laevis Pers., Fuligo leviderma H. Neubert,
Nowotny & K. Baumann, Fuligo licentii Buchet, Fuligo luteonitens L.G.
Krieglst. & Nowotny., Fuligo megaspora Sturgis, Fuligo muscorum Alb.
& Schwein., Fuligo septica (L.) F.H. Wigg.

Turkey: 2 species of them are recorded in Turkey, Fuligo cinerea
(Schwein.) Morgan and Fuligo septica (L.) F.H. Wigg.

Key to the species of Fuligo in Turkey
1. Spores larger than 10 um, spherical or ellipsoid 2

1’. Spores 6-9 pm in diameter, fructification aethalioid, aethalium usu-
ally yellow, sometimes white, greyish, pale rose to lemon-yellow, violet;
lime nodes small, fusiform, the aethalial wall with an irreular, foam-like
SUITACE .evntitie e Fuligo septica

2. Fructification from aethalioid to subplasmodiocarps in small groups,
pulvinate, hypothallus developed, membranous, cream or whitish, cortex
thick, lime nodes connected by hyaline threads, lime nodes large, angular
or irregular in shape, spores from spherical to ellipsoid, spinulose, spinules
often connected by narrow ridges into a broken reticulum, 13-14 um .......
................................................................................... Fuligo cinerea

Description and other information about the Fuligo species detected in
Turkey is given below;

1. Fuligo cinerea (Schwein.) Morgan, J. Cincinnati Soc. Nat. Hist.
19(1):33 (1896)

Synonyms: Enteridium cinereum Schwein.,
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Lachnobolus cinereus Schwein.,
Badhamia coadnata Rostaf.,

Physarum ellipsosporum Rostaf.,

Fuligo ellipsospora (Rostaf.) Lister,
Lignydium ellipsosporum (Rostaf.) Kuntze,
Aethaliopsis stercoriformis Zopf,

Fuligo stercoriformis (Zopf) Racib.,

Description; Aecthalia often in small groups, slightly oblate, flat, low
pulvinate or irregular, bent brain-like and coalescing into an aethalium of
irregular shape, sessile on a broad base, pale grey or white, 0.5-6 cm across
and up to 0.5 cm thick, cortex brittle and crumbling irregularly, smooth or
rough, rarely absent. Sporangia variously contracted and grown together,
forming a dense reticulum. Hypothallus membranous, often consisting of
several perforated layers, encrusted with white lime, often protruding out-
side the aethalium. Peridium persistent, white to pale lilac, fragmented and
impregnated with white lime; component tubules, as far as recognisable,
confluent. Capillitium tubules colourless, connected at each end to peridi-
um, branched or unbranched and sometimes forming a net, with a variable
number of large or small fusiform or irregular, lime nodes containing white
lime, the nodes sometimes merged into a pseudocolumella in the middle
of the tubes. Spore-mass black. Spores rather dark purple-brown, mostly
oval, (10-)13-14(-15) um diam., verruculose (rarely spinulose), some hav-
ing a paler area, slightly elliptical, these often united by narrow ridges into
a broken reticulum. Plasmodium translucent white.

Comments: Fuligo cinerea sporocarps acthalium to subplasmodio-
carps, usually in small groups, scattered to very gregarious, usually slen-
der and protruding, sometimes elongated to pulvinate. Peridium rind, hard,
usually smooth and thick, but sometimes underdeveloped or more or less
curved gray or beige. The capillitium consists of interconnected hyaline fil-
aments and white, large, irregular nodules that sometimes form a pseudo-
columella.

Distribution: Czech Republic, Finland, Papua New Guinea, Peru,
Taiwan, USA,

Turkey: Ocak, 2015; Baba and Atay, 2019.
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Figiire 1. Fuligo cinerea sporocarp, capillitium and spores

2. Fuligo septica (L.) F.H. Wigg., Prim. fl. holsat. 112 (1780)
Synonyms: Mucor septicus L.,

Reticularia septica (L.) With.,

Fuligo septica (L.) J.F. Gmel.,

Aethalium septicum (L.) Fr.,

Mucor mucilago Scop.,

Mucor ovatus Schaeff.,

Reticularia ovata (Schaeft.) With.,

Fuligo ovata (Schaeft.) T. Macbr.,
Reticularia lutea Bull.,

Reticularia hortensis Bull.,

Fuligo hortensis (Bull.) Duby,

Aethalium rufum (Pers.) Wallr.,

Aethalium rufum (Pers.) Alexandrovicz,
Fuligo flava Pers.,

Aethalium flavum (Pers.) Link,

Aethalium septicum var. flavum (Pers.) Fr.,
Fuligo septica var. flava (Pers.) Lazaro Ibiza,
Fuligo septica f. flava (Pers.) Y. Yamam.,
Fuligo rufa Pers.,

Reticularia rufa (Pers.) Schwein.,
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Aethalium septicum var. rufum (Pers.) Fr.,
Fuligo septica var. rufa (Pers.) Lazaro Ibiza,
Fuligo septica f. rufa (Pers.) Y. Yamam.,
Fuligo vaporaria Pers.,

Reticularia vaporaria (Pers.) Chevall.,
Aethalium vaporarium (Pers.) Becker,
Aethalium septicum var. vaporarium (Pers.) Rabenh.,
Fuligo septica var. vaporaria (Pers.) Lazaro Ibiza,
Fuligo candida Pers.,

Aethalium candidum (Pers.) Schltdl.,

Fuligo septica var. candida (Pers.) R.E. Fr.,
Fuligo septica f. candida (Pers.) Meyl.,

Fuligo pallida Pers.,

Reticularia cerea Sowerby,

Fuligo carnea Schumach.,

Fuligo flavescens Schumach.,

Reticularia carnea (Schumach.) Fr.,

Fuligo cerebrina Brond.,

Fuligo varians Sommerf.,

Aethalium septicum var. cinnamomeum Fr.,
Aethalium ferrincola Schwein.,

Licea lindheimeri Berk.,

Tubulina lindheimeri (Berk.) Massee,

Tubifera lindheimeri (Berk.) E. Sheld.,

Fuligo varians f. ecorticata Rostaf.,

Fuligo varians var. ecorticata (Rostaf.) Cooke,
Fuligo tatrica Racib.,

Fuligo candida Jahn,

Fuligo septica var. cinnamomea R.E. Fr.,

Fuligo septica f. corticata Meyl.,
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Fuligo septica var. rosea Nann.-Bremek.,
Fuligo candida f. persicina Y. Yamam.,
Fuligo septica var. lapislazulicolor HMarx & A. Kuhnt,

Description: Fructifications aethaloid, aethalia small or large, irreg-
ular, pulvinate, subplasmodiocarpous, 2-13 cm long and 0.5-3 cm thick
(Aethalia can be much larger). Peridium inside the aethalia white or co-
lourless, grayish white, black when moist, often encrusted with globular
lime and in that case brittle, usually fragmentary, sometimes the tubes in
places with small spaces between them. Cortex thick, calcareous, fragile,
dehiscence irregular, lemon-yellow, pale yellow green-yellow or ochra-
ceous, spongy, brittle, rough on the outside and fragile, crumbling away.
Hypothallus membranous, often consisting of several perforated layers,
white and containing a little coloured lime, usually protruding somewhat
outside the aethalium. Capillitium colourless, pale yellow lime connected
by hyaline threads, hyaline with yellow nodes, nodes large, abundant or
sparse, tubules with many or few anastomoses, if abundant then protruding
elastically, the tubules with few or many small fusiform or branched white
lime nodes, internodes small hyaline, non calcareous. Spore-mass black,
dark brown. Spores pale lilac-grey or lilac- brown, violaceous brown, al-
most spherical, globose, 7-10 um diam., minutely spiny, minutely spinu-
lose, verruculose. Plasmodium yellow.

Comments: Very variable species that some authors, depending on
colour of capillitium, consider varieties or different species. Pulvinated
aethalium, yellow, 3mm to Smm high and 20mm to 45mm thick; calci-
um-encrusted cortex, yellow; hypothallus white, well developed, irregular,
membranous, calcareous; abundant capillitium, hyaline filaments, calcar-
eous nodules irregular, yellow; spore blackish-brown; spore globose, with
tiny warts, pale brown under light transmitted.

Distribution: Czech Republic, Finland, Papua New Guinea, Peru,
Taiwan, USA

Turkey: Ergiil and Giicin, 1994; Ergiil and Diilger, 2000d, 2002c;
Ergiil et al., 2005a, 2005b; Ocak and Hasenekoglu, 2005; Oran et al., 2006;
Yagiz and Afyon, 2007b; Baba and Tamer, 2008a; Ergiil and Akgiil, 2011;
Eroglu and Kasik, 2013a; Ocak, 2015; Baba, 2017; Baba and Dogan, 2018;
Baba and Atay, 2019; Baba et al., 2020; Baba et al., 2021b.
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Figiire 2. Fuligo septica sporocarps, capillitium and spores

Conclusion

With this study 2 species of Fuligo genus recorded from Turkey. Fuli-
go cinerea (Schwein.) Morgan and F. septica (L.) F.H. Wigg. F. septica
has proven to be the most common species of this genus in Turkey, Fuligo
cinerea is less common from Turkey.
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1. INTRODUCTION

The probability of ruin is a value that insurance companies wonder
about, and it is also very meaningful in determining premium strategies. Of
course, for the ruin probability to be meaningful, the claim frequency and
size must be modeled correctly, which are components of the risk process.
While discrete distributions are used for claim frequency, continuous dist-
ributions are generally used for claim size, but discrete distributions can
also be used. The reason for using discrete distribution instead of continu-
ous distribution for claim size is the difficulty of obtaining the aggregate
claim size distribution.

2. CLAIM SIZE DISTRIBUTIONS

In actuarial studies, probability distributions are often used when eva-
luating the probabilities of future events. These distributions are used to
describe the probability of a particular event and the extent of risk. Some
important distributions for claim size in insurance are Pareto, lognormal
and Weibull distributions. These distributions are frequently preferred for
modeling claim size due to their flexibility and long tail characteristics.
While flexibility provides the ability to model loss sizes with different
characteristics, long tailing enables insurance companies to determine a
cautious premium policy against the risks that will arise. Here, some dist-
ributional properties are mentioned about them.

2.1. Lognormal Distribution

The lognormal distribution is a probability distribution that is frequ-
ently used in many actuarial areas such as cost projections, premium esti-
mations, and modeling of investment returns. The lognormal distribution
is useful for modeling values greater than zero. Lognormal distribution
is frequently used especially in financial markets and insurance premium
estimations. The lognormal distribution represents situations where the
natural logarithm of a variable is normally distributed. Thanks to this fea-
ture, it allows the use of statistical methods based on normal distribution.
The lognormal distribution does not have a symmetrical structure like the
normal distribution. This reflects the fact that most financial data sets are
unsymmetrical and skewed to the right. It is important to consider this uns-
ymmetrical structure in actuarial analysis. These features of the lognormal
distribution make it easy to assess risk and uncertainty in actuarial analysis
and to predict the probabilities of future events. Actuaries can make reliab-
le estimates in many areas such as insurance premiums, risk reserves and
future cost projections using the lognormal distribution.

The probability density function, expected value and variance for a
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lognormal random variable X with parameters ¢ € R and o >0 are gi-
ven respectively in Equations (1)-(3):

1 _ 2
f(x|,u,0)=ﬁexp —% , x>0 (D)
E(X)=6Xp{,u+%2} (2)
V(X)zexp{2y+02}(exp{o—2}—l) (3)

2.2. Pareto Distribution

The Pareto distribution, like the lognormal distribution, is a frequently
used probability distribution in the actuarial field. The importance of the
Pareto distribution can be explained in the following ways: The Pareto
distribution is useful for modeling extreme events. It is important to anal-
yze risks that are rare in actuarial studies but have major implications. For
example, the Pareto distribution can be used to understand the effects of
a major natural disaster on insurance companies. The Pareto distribution
has a long-tailed distribution structure. This indicates that there are rare
events queuing towards higher values. In actuarial analysis, such extreme
events and tail risk are important considerations in calculating risk reser-
ves, determining insurance premiums, and capital adequacy analysis. The
Pareto distribution is used when modeling rare values with large effects.
For example, the Pareto distribution may be a suitable choice when mo-
deling the wealth distribution or the costs of major accidents. In actuarial
studies, it is important to estimate the parameter values that best fit the data
and to analyze using an appropriate Pareto distribution. The probability
density function, expected value and variance for a Pareto random variable

X with parameters & >0 and £ > 0 are respectively given in Equations

(4)-(6):

__ap" 4
S ()= 3 )
E(X):i, a>1 ©)

a—1
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V(X)= ap’ a>2 (6)

2.3. Weibull Distribution

In the actuarial field, the Weibull distribution plays an important role
in the risk assessment and risk analysis processes. In many actuarial app-
lications, the Weibull distribution is used to provide information about the
time it takes for an expected event to occur or the probability of a particu-
lar event. It is an important tool in risk management processes and affects
issues such as insurance premium determination, reserve estimates and ca-
pital adequacy analyses. The Weibull distribution can also be used in life
analysis and in the creation of life tables. The probability density function,
expected value and variance for a Weibull random variable X with para-

meters £ >0 and & > 0 are respectively as in Equations (7)-(9):

k,H):g[%j _ exp —(%) , x>0 (7)

E(X)z@l“[H%j (8)

V(x)=0 {r(n%}-rz (1+%ﬂ )

3. INSURANCE RISK and RUIN

£(x

Insurance risk and ruin are important concepts in the insurance in-
dustry. Insurance risk refers to the risk undertaken by insurance compa-
nies. Insurance companies assume a certain risk in exchange for premiums
paid by policyholders. This risk refers to the amount that the insurance
company must pay in case of events covered by insurance policies. In-
surance risk includes the financial consequences of unexpected events
such as natural disasters, accidents, health problems. Insurance companies
correctly determine premiums for risk management and resort to methods
such as reinsurance when necessary. Ruin means that a company is unable
to meet its financial obligations. Insurance companies may also face the
risk of ruin. Ruin of insurance companies can cause significant financial
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problems for policyholders and other interested parties. In case of ruin, the
insurance company cannot pay the indemnities specified in the contracts
to the policy holders and the coverage of the insured risks is disrupted. In
this case, insurance regulators and other relevant organizations take vari-
ous measures to ensure the protection of policyholders in the event of ruin.

Factors such as risk management, capital adequacy, reserve estimates,
reinsurance are very important in minimizing the risk of ruin of insuran-
ce companies and protecting policyholders. Insurance companies analyze
risks, monitor their financial soundness and aim to reduce the risk of ruin
by taking appropriate action. In addition, insurance regulatory authorities
evaluate the financial soundness of insurance companies and make the ne-
cessary regulations.

The first general ideas and mathematical conslusions about the pro-
bability of ruin were presented by Lundberg (1903, 1926) and Cramer
(1930). Risk (or ruin, or surplus) process in insurance is defined as in Equ-
ation (10):

N/‘
U=u+ct-2X,t>0 (10)
i=1

where, t € N denotes the periods, N, is the number of claims until

time t, X, is the ith claim size, ¢ is premium rate or obtained premium

for a unit time period and u is the initial capital or capital at time ¢ =0
(for more details, see: Dickson (1996), Mikosch (2009), Sundt (1993), Tse
(2009)).

The random variables defined as in Equations (11)-(14),

=inf{r:U, <0, 1 <1,} (11)
=in {t t—-m+1° tm+2""’Ut<0’tStO} (12)
= {t 21%0 )Zm,tStO} (13)
i=1
T4:inf{t: y 1(_000)(Ui)22,t£t0} (14)
i=(1-0)+1 ?

denote the ruin times for four ruin scenarios when the initial surplus is
u . At the first scenario, the ruin occurs at the first negative surplus, at the
second scenario, the ruin occurs at the 7 th consequtive negative surplus,
at the third scenario, the ruin occurs at the m th negative surplus, at the last

+ 159
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scenario, the ruin occurs when the period between two consequtive negati-
ve surplus is less than & € N . Then the finite time ruin probability for any

scenario can be expressed in terms of 77, i =1,2,3,4 as in Equation (15),

w(u,t,)=P(T, <t,). (15)

Calculating the probability of ruin of insurance companies can be dif-
ficult because the insurance industry is complex and many variables inte-
ract. Factors such as uncertainties, long- term liabilities, reinsurance effect,
financial market conditions, regulation and auditing make the calculation
of the ruin probability a complex process. In addition, the probability of
ruin based on the ruin process given in Equation (10) cannot be obtained

analytically, depending on the distributions of random variables N, and
X.

4. SIMULATIONS FOR RUIN PROBABILITY

In this study, simulation study is performed to investigate how effe-
ct ruin scenarios to ruin probability. We consider two mean claim sizes
(mcs) such as 5 and 10, three distributions such as Pareto, Lognormal and
Weibull as claim size distribution and homogeneous Poisson process as
claim count process. The Monte Carlo simulation results for four different
ruin scenarios are presented via plots given in Figures (1)-(12). In simu-

lations, the parameters f, and @ in the claim size distributions Pareto
(ax=4,p0), lognormal (1 =1,0) and Weibull (k =0.7,8) are chosen to

be 5 and 10 on mean. Expected premium principle with loading factor

2=0,0.1,0.2 is used to determine ¢ = (1 + g)(mcs) A for the risk pro-
cess in Equation (10).
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5. CONCLUSION

One can see from the plots above for Pareto, lognormal and Weibull
distributions that:

¢ when the premium loading increases from 0 to 0.2, the ruin probabi-
lities are slightly but not much reduce.

e the minimum ruin probability is belong to ruin scenario based on

O —shock with 6 =3.

e when the parameter A in Poisson claim count process increases, the
ruin probabilities slightly but not much increase.

o when the initial capital # increases, the ruin probabilities reduce.
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Introduction

Myxomycetes are known as true slime molds, plasmodial slime molds
or Myxogastrea. Myxomycetes are multinuclear single-celled organisms
that can produce one or more spores (Stephenson & Stempen, 1994). Myx-
ogastrea species are abundant in cool, moist and shaded areas such as rot-
ten tree trunks, branches, alive or dead bark, decayed fruit or fruit scraps,
decayed leaves and leaf debris. Myxomycetes live in the environment by
feeding on other microorganisms (bacteria, yeasts, fungus hyphae, blue-
green bacteria and green algae) (Farr, 1981; Baba and Sevindik, 2018).
Myxogastrea fruitbodies could develop spontaneously in the nature. Fur-
thermore, especially after identification with the moist chamber technique,
they could be detected especially on plant surfaces (Harkénen & Ukkola,
2000). The number of known Myxomycetes species is 1088 taxa globally
(Lado, 2023). 309 taxa were identified in Turkey (Sevindik et al., 2018;
Baba and Sevindik, 2019; Baba and Atay, 2019; Baba et al., 2019; Sevind-
ik and Akgul, 2019; Baba and Sevindik, 2020a; Baba et al., 2020a; Baba et
al., 2020b; Baba, 2021; Baba and Sevindik, 2021; Baba et al., 2021a; Baba
et al., 2021b; Baba et al., 2021c; Baba and Sevindik, 2022a, Baba and Se-
vindik, 2022b, Baysal and Eroglu, 2022; Eroglu, 2021; Ocak and Konuk,
2018; Sesli et al., 2020).

In Trichiales order; Stipitate or sessile sporophores, greater than 500
um in total height, with ornate capillitium and without columella. Peridium
persistent, at least at the base of the sporotheca. Capillitium generally orna-
mented with warts, spines, teeth, semi-rings, rings or spirals. Trichiaceae
family has tubular capillitium, ornamented with spiral bands, elateriform.
Oligonema genus has tubuler capillitium with well-defined spiral bands
(with very vague bands, almost smooth tubules, and with warts or rings in.

The genus Oligonema was published in 1875 by Rostafinski. It be-
longs to the family Trichiaceae of the Order Trichiales. Rostafinski dis-
tinguished the new taxon from the Trichia and Perichaena genera by the
differences in capillitium ornamentation, as well as peridium and sporo-
carp characteristics. Recently, based on the analyses of two genes (SSU
rRNA, elongation factor 1-alpha), Fiore-Donno et al. (2013) proposed
that members of this taxon such as O. schweinitzii may in fact be aberrant
forms of Trichia and suggested further studies to clarify their distinction at
the genus level (Cavalcanti et al., 2015). Capillitial tubules simple or little
branched, not matted, sometimes smooth or with warts or rings between
the whorls. According to the literature only 11 species are recognized all
over the World (Lado, 2023), Oligonema affine (de Bary) Garcia-Cunch.,
J.C. Zamora & Lado, O. aurantium Nann.-Bremek., O. dancoii Aramb. &
Spinedi, O. favogineum (Batsch) Garcia-Cunch., J.C. Zamora & Lado, O.
flavidum (Peck) Peck, O. fulvum Morgan, O. intermedium Haan, O. oe-
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donema Yu Li, Shuang L. Chen & H.Z. Li, O. persimile (P. Karst.) Garcia-
Cunch., J.C. Zamora & Lado, O. schweinitzii (Berk.) G.W. Martin, O. ver-
rucosum (Berk.) Garcia-Cunch., J.C. Zamora & Lado. 6 species of them
are recorded in Turkey, Oligonema affine, O. favogineum, O flavidum, O.
persimile, O schweinitzii and O. verrucosum.

Material and methods

Detailed information on Oligonema species that were not collected
by us were taken from the articles of the researchers (Harkonen, 1988;
Ergiil and Diilger, 2000d; Ergiil and Diilger, 2002¢; Ocak and Hasnekoglu
2003b; Ergiil et al., 2005a; Ocak and Hasenekoglu, 2005; Yagiz and Afyon,
2005; Oran et al., 2006; Ergiil and Akgiil, 2011; Eroglu and Kasik, 2013a;
Ocak, 2015). Species obtained by Baba and his friends were collected from
the natural environment or obtained in the laboratory using by moist cham-
ber technique (Baba and Tamer, 2008a; Baba et al., 2013; Baba et al., 2015;
Baba et al., 2016; Baba and Arslan, 2017b; Baba and Dogan, 2018; Baba et
al., 2018; Ziimre et al., 2019).

Natural myxomycete samples were collected from natural area. On
different substrates, cortex, woods, barks, leaf, debris, organic plants and
animal material samples were transported to the laboratory in small car-
ton boxes. Furthermore, after the field studies, myxomycete fructifications
were obtained from the moist chamber culture in laboratory. For moist
chamber culture; live or dead plant materials (forest floor litter, aerial lit-
ter, wood and bark from living or dead trees) were obtained at a number
of localities. Moist chambers cultures consisted of disposable plastic petri
dishes lined with filter paper. The sample material in each dish was moist-
ened with distilled water. After a period of approximately 24 -48 hours (in
summer 48 hours, in winter 24 hours), excess water in each dish was re-
moved. Cultures were kept at room temperature (24°C) in diffuse daylight
(Baba et al., 2021b). Examined with a stereomicroscope on a regular basis
for a period of up to two months in order to detect plasmodia or fruiting
bodies. When necessary, a small amount of water was added to each cul-
ture to maintain moist conditions. The moist chamber with the developing
myxomycete samples was allowed to dry and the myxomycetes were dried
for one week. Myxomycete plasmodia or fruiting bodies were noted and
recorded. Each time the cultures were checked. All fruiting bodies were
removed. Air-dried and glued in small pasteboard boxes for permanent
storage. The samples were photographed and identified.

The samples were identified under stereomicroscope and light mi-
croscopy. General structure, plasmodium type, fructification type, shape,
colour, macroscopic measurements, the presence or absence of lime or the
color and shape of the samples were examined with the stereomicroscope.
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In light microscopy, the capillitium, spore, shape, color, size, ornamen-
tation, branching shape, features was observed. Capillitium, pseudo-cap-
illitium and columella or pseudo-columella, capillitium formation, shape
and size, condition of columella (free or attached) were examined with
light microscopy. Furthermore, the shape, color, size and ornamentation of
the spores were examined. For every species recognized, the most typical
specimens were used for providing descriptions. Species descriptions were
used to define the genus and to provide a dichotomous key to the species.
Spore colors were obtained in 10% NH3 solution (de Haan et al., 2004).
The myxomycete samples were identified based on a variety of digital
and printed sources (Nomen.eumycetozoa.com; Martin and Alexopoulos,
1969; Farr, 1976; 1981; Thind, 1977; Martin et al., 1983; Stephenson and
Stempen, 1994; Ing, 1994; Neubert et al., 1995; 2000; Alexopoulos et al.,
1996; Lado and Pando, 1997; de Haan et al., 2004; Stephenson and Ro-
jas, 2017). Samples were arranged as fungarium material and kept in the
Biology Department’s laboratory of Hatay Mustafa Kemal University Ha-
tay-Turkey. The list below includes the recorded myxomycetes, arranged
alphabetically, taxonomic treatment includes a key to species, generic and
specific descriptions, photos, habitat data and comments.

Results and discussion

Eukaryota

Protista

Mycetozoa

Myxomycetes

Trichiida

Trichiaceae

Genus Oligonema Rostaf. Sluzowce monogr. 291 (1875);

Description; Fructification: sporangiate, the sporangia densely crowd-
ed, scattered or in close clusters. They tend to develop in loose to dense
colonies, sometimes in combination with some solitary sporocarps. The
colour is always yellow to orange with or without green to brown hues.
Sporotheca: subglobose, more or less irregular, sessile or stipitate, never
with cell-like bodies in the stalk. Peridium: sometimes single or double,
with granular outermost layer, membranous internal layer, infrequently
simple, membranous, bright, with irregular dehiscence. The peridium is
a yellowish, smooth and shining, the wall thin, transparent membranous,
sometimes iridescent and often with small warts or papillac on the inner
side. Capillitium: of short or long, simple or branched yellow elaters, near-
ly smooth or obscurely sculptured with spirals and sometimes with spines,
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papillae, warts or rings or faint spiral bands. These spirals are never as well
developed and regular as in many species of the genus Trichia Haller. Cap-
illitium is elastic; hollow filaments, simple or branched, smooth or slightly
wrinkled. The elaters can have one branch, their extremities are mostly
round, blunt and clavate, with one or two spines, sometimes with a ring-
shaped enlargement at the base of the apex. Spore mass are viewed in yel-
low, orange or reddish-brown, yellow by transmitted light. The spores are
yellow to orange, their shape is globose or subglobose, globose to irregu-
larly elliptical; they are ornamented with warts or a reticulate. verrucose,
spiny or with reticulate bands that are sometimes incomplete.

Comments: The species of the genus Oligonema seem to have the
same preferences as to their habitat. They are found in very moist envi-
ronments. Most collections were made in the summer and autumn. The
species of this genus are usually very easy to distinguish from the other
species in the family Trichiaceae (Order Trichiales). Their mostly smaller
fructifications are sessile sporocarps and in some cases short plasmodio-
carps, grouped to overlapping in dense groups, occasionally scattered (de
Haan et al., 2004).

Distribution: 11 species are recognized all over the world, Oligone-
ma affine, O. aurantium O. dancoii, O. favogineum, O. flavidum, O. ful-
vum, O. intermedium, O. oedonema, O. persimile, O. schweinitzii O. ver-
rucosum.

Turkey: 6 species of them are recorded in Turkey, Oligonema affine,
O. favogineum, O flavidum, O. persimile, O schweinitzii and O. verrucos-
um.

Key to the species of Oligonema Rost. in Turkey
1. Sporophore Sessile ...........cevviviiiiiiiiiiiiiiiiiiiiniaeenn 2

1. Sporophore stalked, Stalk longitudinally grooved, 0.8—1.2 mm yel-
low, reddish brown Elaters with short tapered ends. Spores coarsely reticu-

late, bands of reticulation pitted, 12-16 pm diam .............. O verrucosum
2. Elaters has clearly visible spiral bands ..........cccoeceeeeeeninnin. 3
2. Elaters almost invisible spirals, .........................0. schweinitzii
3. Sporocarps subglobose, globose, obovoid......................... 4

3. Sporocarps higher than wide, clustered in one layer, in close groups
but not superimposed, 0.2 - 0.5 mm wide and 0.4 - 1.0 mm high..................
................................................................................................... O. flavidum
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4. Spores with a wide-meshed net-ornamentation, the meshes them-
selves formed by rows of fine meshes, .............cooovviiiiiiiiiiiiiiiiiiinns

4. Spores net-ornamentation mostly rather complete, ocasion-
ally with meshes formed from simple ridges bright yellow. Elaters
with smooth sparal bands or with only few small spines............
................................................................................................ 0. affine

5. Sporocarps +  spherical.  Elaters 4-6 um  bro
2T TP o

5. Sporocarps higher than wide. Elaters 6-8 um broad, smooth.
Spores coarsely reticulate, bands of reticulation pitted, 12-15 pm diam
............................. O. favogineum

6. Elaters with spinulose spiral bands. Spores ochraceous, net-orna-
mentation often irregular, occasionally with broad groups of small meshes
Spore-bands pitted .......c.ccoeeeiiiieeiieiee e O. persimile

Description and other information about the Oligonema species de-
tected in Turkey is given below in alphabetical order;

1. Oligonema affine (de Bary) Garcia-Cunch., J.C.Zamora & Lado,
in Garcia-Cunchillos, Zamora, Ryberg & Lado, Mol. Phylogenet. Evol.
177:107609, 15 (2022).

Synonyms: Trichia affinis de Bary
Hemitrichia helvetica Meyl.

Description; Sporophores: obovoid to oblong, subglobose to glo-
bose sessile, rarely short plasmodiocarp. Plasmodiocarps, crowded on a
common hypothallus, 0.8-1 mm diam in height, 0.4-0.5 mm in diameter,
shining lemon-yellow to golden-yellow (Figure 1). Hypothallus: confluent,
membranous. Peridium: thin, membranous, shining, marked with irregular
stripes, brittle, persistent at the base and with irregular dehiscence. Capil-
littum: of golden-yellow or lemon-yellow elaters, elastic tubular elaters,
4-6 um diam., marked with 4-5 spiral bands, most of them broken and
revealing the abundant bright yellow capillitium usually spinulose, rarely
smooth, sometimes with longitudinal striae, with short, pointed free ends
of 5-10 pm in length. Spore mass: lemon-yellow. Spores: very pale yel-
low, 11-15 pm diam, ornamented with a broad, irregular and sometimes
fragmented reticulum, coarsely banded-reticulate with 3-5 meshes to the
hemisphere. The broad bands are up to 1 um in height, which themselves
are formed by a reticulum with numerous little holes. Plasmodium: white.

Comments: This species is characterized by sessile yellowish sporo-
carps. The capillitium is composed of narrow elaters. Spore ornamentation
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has a net of variable morphology. The reticulum consists of wide discon-
tinuous bands which form a broken mesh. The bands also are composed of
a reticulum with smaller meshes. The diameter of the capillitium is a good
character to separate O. favogineum (8—10 um diam.) from O. affine and
O. persimile (4—6 um diam.). Without this additional diagnostic character
the separation of these latter two species can be difficult. For O. affine, the
presence of a capillitium with smooth or with small spines, spiral bands
and spores with a broken reticulum is characteristic, while for O. persimi-
le, the presence of a capillitium with spiny spiral bands, and spores with a
reticulum in the form of islets or patches of reticulum are typical. Also O.
affine differs from O. favogineum in that the latter does not have globose
sporocarps, they are cylindrical and the spores are larger (13—15 um diam.
(Moreno et al., 2022).

Distribution: Argentina, Australia, Chile, Cuba, Ecuador, New Zea-
land.

Turkey: Ergiil and Diilger, 2002c; Ergiil et al., 2005a; Oran et al.,
2006.

Figiire 1. Oligonema affine opened sporocarps

2. 0. favogineum (Batsch) Garcia-Cunch., J.C.Zamora & Lado,
in Garcia-Cunchillos, Zamora, Ryberg & Lado, Mol. Phylogenet. Evol.
177:107609, 15 (2022).

Synonyms: Lycoperdon favogineum Batsch,

Stemonitis favoginea (Batsch) J.F. Gmel.,
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Trichia favoginea (Batsch) Pers.,

Sphaerocarpus chrysospermus Bull.,

Trichia chrysosperma (Bull.) Lam. & DC.,

Trichia jackii Rostaf.,

Trichia affinis var. jackii (Rostaf.) L.F. Celak.,
Trichia abrupta Cooke,

Hemitrichia persimilis var. abrupta (Cooke) Torrend,
Trichia proximella P. Karst.,

Trichia balfourii Massee,

Trichia sulphurea Massee,

Trichia intermedia Massee,

Hemitrichia persimilis var. intermedia (Massee) Torrend,
Trichia kalbreyeri Massee,

Trichia pulchella Rex,

Trichia drakei Lodhi,

Description: Sporocarps sessile, clustered, taller than wide, yel-
low, smooth and shining up to 2 mm tall, 0.6-0.7 mm wide crowded on
a well-developed hypothallus (Figure 2). Hypothallus membranous, co-
lourless, marked with vein-like brown deposits. Peridium membranous,
thin, transparent, opening irregularly above ochraceous to olivaceous
brown, shining, dehiscence mostly by rupturing of the peridium, the inside
marked with irregular stripes. Capillitium golden yellow, escaping entirely
from the peridia and forming woolly masses above them, 6-8 pm diam.,
with 4-5 spiral bands separated by longitudinal striae, normally smooth
but sometimes with occasional spines, the tips short-tapered and ending
in a smooth point. Spore-mass ochraceous, yellow. Spores pale yellow,
13-15 um diam., with a coarse reticulation of tall bands, 3-5 meshes to the
hemisphere, bordered in optical section to 2 pm high. Plasmodium white,
yellow.

Comments: The diameter of the capillitium is a good character to
separate O. favogineum (8—10 pm diam.) from O. affine and O. persimile
(4-6 um diam.). Without this additional diagnostic character the separation
of these latter two species can be difficult. For O. affine, the presence of a
capillitium with smooth or with small spines, spiral bands and spores with
a broken reticulum is characteristic, while for O. persimile, the presence
of a capillitium with spiny spiral bands and spores with a reticulum in the



Fen Bilimleri & Matematikte Giincel Arastirmalar - Haziran 2023 - 177

form of islets or patches of reticulum are typical. Also O. affine differs
from O. favogineum in that the latter does not have globose sporocarps,
they are cylindrical and the spores are larger (13—15 um diam.) (Moreno
et al., 2022). This is a common species occurring mostly in autumn in Eu-
rope, but occasionally it can also be found close to melting snow in spring.
In Spain, the species is more frequent in the North (Lado & Pando 1997).

Distribution: China, Costa Rica, Cuba, Europe, Japan, New Zealand,
Spain, Taiwan.

Turkey: Héarkonen, 1988; Ergiil and Diilger, 2000d; Ergiil et al.,
2005a; Ocak and Hasenekoglu, 2005; Yagiz and Afyon, 2005; Baba and
Tamer, 2008a; Ergiil and Akgiil, 2011; Baba et al., 2016; Baba and Dogan,
2018.

Figiire 2. O. favogineum sporocarp, capillitium and spores

3. O. flavidum (Peck) Peck, Annual Rep. New York State Mus. 31:42
(1878)

Synonyms: Perichaena flavida Peck,

Oligonema brevifilum Peck,

Oligonema flavidum var. brevifilum (Peck) Torrend,
Oligonema minutulum Massee,

Description: Sporocarps sessile, clustered in one layer, rarely loosly
heaped, ovoid to cylindrical, subglobose when isolated, densely clustered,
becoming obpyriform or subcylindric when massed, higher than wide, 0.2
- 0.5 mm wide and 0.4 - 1.0 mm high, yellow to orange, bright yellow,
later on with ochre to brown hue. Peridium single, membranous, smooth
to somewhat wrinkled, shining, rarely dull; yellow, transparent, with few
wrinkles, inner side densely covered with small warts, some forming
rows giving the whole a marble-like aspect; and with few scattered, larger
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warts. Hypothallus inconspicuous, colourless, glossy, transparent, mem-
branous. Capillitium usually sparse, of short to moderately long elaters,
10-300 um long and 3-5 um diam. in thickness, irregular, swollen in plac-
es and occasionally branched, sculpured with minute warts arranged in
indistinct spirals, the apices generally blunt, sometimes ending in one or
more points. The threads are longer than in any other species, and not in-
frequently branched, smooth, or more commonly, very distinctly minutely
spinulose throughout, no trace of rings or relief sculpture of any sort, the
spirals, that are to be expected, very imperfect, if discernible at all. With
light microscope covered with small warts and papillae, in some places
arranged in rows which tend to look like weak spirals, with SEM irregular
fingerlike papillae; round, blunt, clavate apex, sometimes rostrate, with
few branches and swellings in some places, thin warts or faint spirals on
the surface and rounded ends. Spore-mass yellow dark ochraceous, Spores
pale yellow, irregularly globose to ellipsoid, (10 -) 13-15 (- 16) um diam.,
with a coarse-meshed, often irregular but usually complete reticulum of
narrow pitted bands, ornamentation 0.5 - 2 um high; irregular reticulum,
sometimes incomplete, the walls of the larger meshes consist of very small
meshes; usually with complete reticulum, (3) 4-5 (6) meshes per hemi-
sphere, often irregular, with border of 1-1.5 pm thickness and some mesh-
es are observed with faint reticulation at centre yellow. Plasmodium watery
white, later yellow.

Comments: Characteristics such as the often larger sporocarps than
in the other species and the typical short cylindrical shape of the sporo-
carps grouped in an upright position, allow generally easy recognition in
the field. On some occasions the sporocarps can be small and rather glo-
bose, and they can be confused with other Oligonema species. The micro-
scopical traits are also very typical. For example, the elaters with warts
are unique. In some places warts are arranged as if they were spirals, but
under immersion their true nature becomes apparent. Oligonema flavidum
resembles O. schweinitzii, differentiated only by the peridium granulation,
capillitium ornamentation and the type of spore reticulation. Occurrence
time is summer and early autumn. The capillitum, which is scant in the
specimen, is covered only with warts along its entire length while in other
collections the warts can form thickened bands, in places resembling rings
or spirals (de Haan et al., 2004; Salamaga, 2013; Cavalcanti et al., 2015).

Distribution: Africa, Algeria, Argentina, North America and South
America, Asia, Brazil, Belgium, Estonia, Europe, Germany, Holland, Hun-
gary, Poland, Ukraine, United States, and India

Turkey: Ocak, 2015.
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4. O. persimile (P.XKarst.) Garcia-Cunch., J.C.Zamora & Lado,
in Garcia-Cunchillos, Zamora, Ryberg & Lado, Mol. Phylogenet. Evol.
177:107609, 15 (2022).

Synonyms: Trichia persimilis P. Karst.,
Trichia favoginea var. persimilis (P. Karst.) Y. Yamam.,

Description: Sporocarps sessile, clustered, subglobose, globose,
obovoid or irregularly spherical,0.5-0.8 mm diam, shining ochraceous to
yellow-brown, seated on a common, yellow-brown hypothallus (Figure 3).
Hypothallus thin, but usually very distinct. Peridium membranous, shin-
ing, the inside marked with rows of warts which are often arranged in lines.
Capillitium of ochraceous-yellow elaters, 4-6 pm diam., marked with 4-5
closely-set spiral bands and studded with short spines, longitudinal striae
inconspicuous. Spore-mass ochraceous yellow. Spores pale yellow, 11-14
pm diam., marked with a broken banded reticulation of small meshes, the
non-reticulate areas covered with large warts, border incomplete in optical
section. Plasmodium white.

Comments: The diameter of the capillitium is a good character to sep-
arate O. persimile (4—6 pum diam.) from O. favogineum (8—10 pm diam.)
and O. affine. Without this additional diagnostic character the separation
of these latter two species can be difficult. For O. affine, the presence of a
capillitium with smooth or with small spines, spiral bands and spores with
a broken reticulum is characteristic, while for O. persimile, the presence
of a capillitium with spiny spiral bands, and spores with a reticulum in the
form of islets or patches of reticulum are typical (Moreno et al., 2022).

Distribution: China, Malta, New Zealand.

Turkey: Baba et al., 2015; Baba and Dogan, 2018.
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Figiire 3. O. persimile sporocarps, capillitium and spores
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5. O. schweinitzii (Berk.) G.W. Martin, Mycologia 39(4):460 (1947)
Synonyms: Physarum schweinitzii Berk.,

Trichia nitens Lib.,

Oligonema nitens (Lib.) Rostaf.,

Cornuvia nitens (Lib.) Rostaf

Trichia kickxii Rostaf.,

Trichia bavarica Thim.,

Oligonema bavaricum (Thim.) Balf.f. & Berl.,

Trichia pusilla J. Schrot.,

Oligonema nitens var. anomalum A. Pouchet,

Description: Sporocarps sessile, mostly tightly clustered, heaped,
very irregular in shape and size, spherical, pulvinate, pyramidal to
short-vermiculate plasmodiocarpic, often angular with flattened sides, 0.2
- 0.7 mm wide; golden-yellow to yellow-orange, later with ochre to brown
hue (Figure 4). Peridium single, membranous, smooth to plicate, internally
papillose, shining, sometimes iridescent, rarely dull, with light microscope
yellow, transparent, inner side smooth or with minute lines and covered
in some places with small warts, thus having a rougher appearence; with
few scattered, larger warts; with SEM smooth to minutely wrinkled, in
some places covered with irregularly shaped, small warts. Hypothallus
inconspicuous, colourless, shining, transparent, membranous. Capillitium
not abundant, yellow, mostly of short elaters, 20-100 pm long, 2-6 pm
wide, sometimes branched, with narrow rings or vesiculous enlargements;
with light microscope ornamented with clearly visible to almost invisi-
ble spirals, sometimes with minute warts; with SEM the spirals mostly
smooth but sometimes roughened, in some places covered with warts;
round, blunt, clavate apex, with one or two spines, also with a ring shaped
enlargement at the base of the apex. Spore-mass yellow. Spores yellow,
12-16 um diam., marked with an incomplete reticulation of large and small
meshes, with a wide border in optical section. Spores globose to elliptical,
angular; ornamentation 1 - 2 um high; reticulum irregular, sometimes in-
complete, the walls of the large meshes consisting of very small meshes,
frequently with a group of smaller meshes in the centre of the large mesh-
es; with SEM the ornamentation in the centre of the large meshes lower,
about 0.5 tm; pale yellow. Plasmodium white or yellow.

Comments: The Sporocarps are densely grouped and ornamentation
of most elaters is very tenuous, with faint spirals; spores have incomplete
reticulation with broad meshes, about 4 by hemisphere. With worldwide
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distribution, O. schweinitzii is recorded in many countries in Africa, the
Americas, Asia, Europe and Australia, especially in the northern hemi-
sphere. Time of occurrence: late summer and autumn, with exceptions.
Habitat: rotten wood of broad-leaved trees in almost dried up ponds or
marshes, also on mosses and mud (Ndiritu et al. 2009). The sporocarps of
0. intermedium seem similar to those of 0. schweinitzii. But the microscopy
is different of 0. intermedium. and 0. schweinitzii. This species has larger,
regularly shaped sporocarps, 0.5 - 1.0 mm high, which are grouped in one
layer. The elaters are typical Trichia-like, abundant with regular, very dis-
tinct spirals and an always pointed apex (de Haan et al., 2004; Cavalcanti
et al., 2015).

Distribution: Argentina, Australia, Brazil, Europe, Mexico, North
America, North Africa, Japan, Puerto Rico, Russia.

Turkey: Ocak and Hasnekoglu 2003b; Baba et al., 2013; Eroglu and
Kasik, 2013a.

Figiire 4. O. schweinitzii sporocarps, capillitium and spores

6. O. verrucosum (Berk.) Garcia-Cunch., J.C.Zamora & Lado,
in Garcia-Cunchillos, Zamora, Ryberg & Lado, Mol. Phylogenet. Evol.
177:107609, 15 (2022).

Synonyms: Trichia verrucosa Berk.,
Trichia superba Massee,

Description: Sporocarps aggregated, stalked, usually several spo-
rocarps united by the stalks, 1.6-2.6 mm in total height. rarely sessile.
Sporothecae pyriform or obovoid, often clustered on united stalks, bright
ochraceous, yellow to orange yellow up to 0.8 mm wide and 4 mm tall
(Figure 5). Hypothallus membranous, common to a group of sporocarps,
effuse, opaque. Stalk weak, often flattened, simple or consolidated with
others, weak, inclined, or procumbent twice the height of the spore-case,
longitudinally grooved, 0.8—1.2 mm long, 0.1-0.15 mm wide, yellow, red-
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dish brown each bearing 5-9 yellow sporothecae. Peridium pale yellow,
membranous, translucent, papillose within, often somewhat thickened by
granular deposits, single, partially evanescent, remaining at the basal part
as a calyculus, thin, fragile, the inner side papillate, dehiscence irregular.
Capillitium of long, cylindric elaters, bearing 3-5 spirals, these smooth or
bearing a few scattered spines, with short, tapered tips. elastic network of
threads arising from the base of the sporotheca, threads of 5—7 um in diam-
eter, yellow, flexuous, scarcely branched, with acute free ends of 10—12.5
um long, ornamented with 4 or 5 spiral bands. Spore-mass pale yellow,
ochraceous yellow. Spores free, bright yellow, coarsely and prominently
reticulate, the bands narrow, minutely pitted and 1 pm high, 10-14 pm
diam, 12-16 um including the ridges. Plasmodium white.

Comments: The examined specimen is characteristic and agrees well
with the concept of the species. Sporocarps of O. verrucosum with conflu-
ent stalks are very characteristic. Species with similar spore ornamentation
are O. affine and O. favogineum they both are never stalked and generally
possess larger spores. Although rather widely distributed in the world, the
species does not appear to be frequent. O. verrucosum is usually found
sporulating on dead wood, particularly of coniferous trees (Adamonyte,
2007).

Distribution: Australia, Austria, Argentina, Brasil, Canary Islands,
China, Chile, Costa Rica, Cuba, Dominica, Jamaica, Denmark, France,
Germany, Great Britain, Japan, New Zealand, Phillipines, Poland, Portu-
gal, Russia, Taiwan, Thailand, Tasmania, Mexico, USA.

Turkey: Oran et al., 2006; Baba and Tamer, 2008a; Baba et al., 2013,
2015; Baba and Arslan, 2017b; Baba and Dogan, 2018; Baba et al., 2018;
Zumre et al., 2019.

Figiire 5. O. verrucosum sporocarps, capillitium and spores
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Morphological comparison of Oligonema species

Spedes Sporocarp Stallc Feridinm Capilliftnm Spore Flazmodinm
Qiigonema Oboveid  to | S2sfilz | Aembrmmons 46 um, 45 | Bandadrsticulata, Wit
qiffne oblong, shining, thin, | spirsl bamds pale wallow, 11-15
vallow, 0.8-1 irragular stripss um
mm
Qiigonema Taller than | Sl | Alembranons, 68 pm, 45 [ Witk a coema | Whits, yallow
Smogineim wida, vallow shining, thin, | spirsl bamds maticulation,  pale
2mm opening yallow, 13-15 um
irragulardy
Cifgonema Ovoid to | S==:ilz | Singls, 3-3 um, | Cosrzs-mashad, Watery whits,
Simddiom crlindrical, membranons, longsr, warts | often imegulsr but | later wellow
subzloboss, smooth to | orfsint spimsls | pepally  complate
vallow, 0.4-1 somawhat reticulem, pals
mm wrinklad vallow, 13-15 (- 18)
um
Qiigonema Subslobosa, Sazila | Wambranous, 48 um | Erokan bandad | WHit2
persimile Elobosa, shining marked with | =ticulation, non-
obovodd, 4-5 spiral | reticulate araas
vallow, 0.5- bands coversd with large
0.8 mm warts, pals vallow
11-14 pm
Oifgonema Spharical, Sewsdlz | Eingls, 5 um | Maked with an | Whitzor yallow
scinrefnirzii | prramidsl  to membranons, clearly wizible | incomplsts
short- smooth to plicate | to almost | reticulation, yallow,
vermiculats imvizibla 12-16 pm
pla=modiocarp spirals
ig, yallow, 0.2
- 0.7 mm
Cifgonema Sporothacas Stalkadl | MMambramous, =T um, | Faticulats the [ Whit2
VEITIEOSIIN prrform  or | ongitedi | translucent, oylindric bemds TLETOT,
obovoid, oftan | mally dalizoanos alatsrs,  3-3 | bright vellow 10-14
clestersd  on | Erooved, | imesular spizal bamds m
umited stalks | 0.8-1.2
1.6~4 mm mm
yallow,
raddizh
brown
Conclusion

With this study 6 species of Oligonema genus recorded from Turkey.
Oligonema favogineum and O. verrucosum has proven to be the most com-
mon species of this genus in Turkey, Oligonema affine, O. persimile and
O. schweinitzii is less common and O flavidum is the rarest. Oligonema
aurantium O. dancoii, O. fulvum, O. intermedium and O. oedonema, are
not yet reported from Turkey.
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Introduction

Fungi are organisms that spread in many ecosystems. Their role in
the ecosystem distinguishes fungi from other organisms (Sevindik et al.,
2017; Bal et al., 2019). Many fungi species have a rotting role due to their
saprotrophic properties. Fungi exhibit a remarkable level of biodiversity,
owing to their possession of eukaryotic cellular architecture (Bal et al.,
2023). Unlike other organisms, fungi lack chlorophyll within their cellu-
lar structure and instead rely on the absorption of nutrients. Furthermo-
re, fungi reproduce through the dispersal of spores (Taylor et al., 1998;
Sevindik et al., 2022). They have the ability to thrive in a wide range of
terrestrial and aquatic ecosystems, including extreme environments like
polar regions, deserts, and highly saline soils (Gaad 2017). Previous stu-
dies suggested that there were approximately 1.5 million fungal species.
However, recent studies have revised this estimate to a range of 2.2 to
3.8 million fungal species. Nevertheless, the estimated count of identified
species stands at approximately 120.000 (Hawksworth 2001; Hawksworth
ve Liicking 2017). Out of the aforementioned species, a mere 3000 have
been identified as being connected to aquatic environments, with a mere
465 species being observed in marine waters (Shearer et al., 2007). Based
on recent studies, the current count of sea mushroom species is reported to
be 1857 (Jones vd. 2019). Marine fungi, while primarily categorised as
an ecological group rather than a taxonomic group, encompass a diverse
range of species. One such example is Halosphaeriales, which belongs to
the Ascomycete order. This order comprises a significant number of ma-
rine species, with approximately 133 species distributed across 43 genera
(Jones, 1995). Aquatic environments possess considerable potential as ha-
bitats for numerous species; however, the relatively limited representation
of aquatic fungal taxa is a notable and unexpected observation. According
to this concept, it is believed that the current count of aquatic fungi exceeds
3000 species. The assemblage encompasses a diverse array of species that
possess ecological functions that have yet to be identified or understood
(Wurzbacher vd. 2011). The ecological definitions of marine fungi were
established by Kohlmeyer and Kohlmeyer in their publications in 1979.
They classified marine fungi into two categories: obligate sea mushrooms
and facultative sea mushrooms. Obligate sea mushrooms exclusively grow
in marine or estuarine habitats, while facultative sea mushrooms have the
ability to grow in marine environments but can also thrive in freshwater or
terrestrial environments. The fungi, which may possess spore-forming ca-
pabilities, can be referred to as facultative sea mushrooms (Kohlmeyer ve
Kohlmeyer, 1979). Sea mushrooms, also known as marine fungi, exhibit
a wide distribution across various marine habitats. These habitats include
the deep sea, marine sediments that contain methane hydrate, driftwood,
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hydrothermal vents, polar systems, plants such as mangroves, and even the
ocean atmosphere (Torun 2021; Singh vd. 2012). The Earth contains an
estimated volume of approximately 1.4 million cubic kilometres of water,
with approximately 97% of this volume being comprised of salt water and
the remaining 3% being fresh water. Fresh water is distributed in various
forms, with approximately 31.4% existing as groundwater, 68.3% as ice,
and the remaining 0.03% comprising other water sources that are confi-
ned within glaciers. Among the remaining bodies of water, a mere 3% is
classified as surface water. This surface water is further divided into three
categories: rivers account for 2%, marshes make up 11%, and the majority,
87%, is comprised of lakes. Furthermore, a significant portion of the water
utilised by individuals on a daily basis is sourced from natural bodies of
water such as lakes and rivers (Sahsine 2012). Aquatic ecosystems exhibit
a comparable level of microbial diversity to that observed in air and terrest-
rial ecosystems, despite their abundant flora and fauna. Aquatic fungi play
a significant role in the biodiversity of aquatic ecosystems, primarily by
participating in the decomposition of organic matter. Consequently, they
contribute to the nutrient cycling processes within these aquatic systems
(Shearer vd. 2004). Although there are many publications on terrestrial
microfungi and myxomycetes, there are fewer studies on aquatic fungi
(Ergiil et al., 2005a; Ergiil et al., 2005b; Ergiil and Akgiil 2011; Baba and
Sevindik 2018; Sevindik et al., 2018; Sevindik and Akgiil 2019; Ziimre et
al., 2019; Baba et al., 2020; Baba et al., 2021; Baba and Sevindik 2022a;
Baba and Sevindik 2022b).

Aquatic Fungi

One of the first records of aquatic “true fungi” emerged with the dis-
covery of parasitic fungi on green algae by Braun in the mid-19th century,
which he later named “chytridien” (e.g. chytrids), which would become the
phylum Chytridiomycota (Braun 1856; Barlocher, 1992a; Belliveau and
Barlocher 2005).

The taxonomy and identification of aquatic fungi are related to the
morphology and development of asexually produced spores (mitospores,
conidia). There is no precise definition of calling the fungus an aquatic hy-
pomycete, but two phenomena can be listed as its ability to develop spores
underwater and its ability to grow on deciduous plants or rotten leaves in
streams, rivers. In addition, many aquatic hypomycetes produce relatively
large, multi-rayed (tetraradiated) or sigmoid spores, and their ends may be
covered with sticky mucilage. These properties allow the spore to attach to
leaves and other smooth surfaces. (Webster, 1959; Ingold, 1975; Webster
and Descals, 1981; Read et al., 1992; Dang et al., 2007; Kearns and Bar-
locher, 2008). A number of fungal groups are found in water, including
yeasts and several members of the basidiomycota. Some may live in water
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their entire lives, others may be amphibians, having spent one stage of the-
ir life cycle underwater, adapted and dispersed underwater, and the other
stage dispersed in the air. There is a wide variety of aquatic habitats found
on Earth, ranging from temporary ponds, ponds, lakes, swamps, muddy
waters, streams, rivers, estuaries, inland salt lakes, melting ice, and hot
springs to the seas and oceans. They have food sources for parasitic or
saprophytic fungi, thanks to organisms living or dead in this water (Dix
and Webster 1995).

Habitats of Aquatic Fungi

Aquatic habitats are characterized by a unique balance of allocht-
honous (external) and autochthonous (internal) organic matter supplies,
largely controlled by watershed features, surface area, and location. For
example, streams and small ponds receive most of their organic matter
from terrestrial riparian vegetation, while large lakes often provide organic
matter internally from primary producers of algae. Organic carbon from
terrestrial vegetation in these habitats differs significantly from algae. Be-
cause plant residues contain lignin, hemicellulose and cellulose fractions
that prolong microbial decomposition for up to several months, algae mi-
neralize more quickly because they contain much less stubborn polymers.
In small or shallow lentic systems, submerged and floating aquatic plants
often dominate primary production and form the most inefficient marine
ecosystems worldwide. Fungi are heterotrophs and depend on photosynt-
hetically produced organic matter. Therefore, they consume microscopic
algae, macroscopic aquatic macrophytes and terrestrial plant litter (inclu-
ding wood) to reduce their biodegradability. Sources from animals include
fish, fish eggs, carcasses, excuviae, live zooplankton, insects, feathers, and
hair, while other plant-derived sources include pollen, spores, seeds, and
fruits. Surprisingly, water mushrooms use almost all natural organic re-
sources. In addition, insects carrying nutrients from the aquatic ecosystem
and aquatic systems depend on terrestrial environments (Sparrow 1960;
Cole et al., 1990; Wurzbacher et al., 2011).

Sea fungi can thrive in a wide variety of substrates, such as wood, sedi-
ment, mud, soil, sand, algae, coral, calcareous tubes of mollusks, decaying
mangrove leaves, tidal grasses, livestock, and crustacean guts (Kohlmeyer
and Kohlmeyer, 1979; Hyde 1996). In terms of aquatic fungi, two substra-
tes stand out. Wood found in the open ocean generally tends to support the
growth of members of Halosphaeriales. Species of such fungi have soluble
ascuses, passive ascospore release, and various additive ascospores. These
additive ascospores allow them to move on water, performing buoyancy
and adhesion functions. The presence of wood in the open ocean provides
a unique habitat for these fungi, and their adaptation to this environment
highlights their special ecological niche (Jones 1994).
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Table 1. Fungi found in natural and artificial aquatic habitats (Grossart et al.,

2019).
Aquatic
habitats for =~ Dominant Group Common Taxa
fungi

Rivers,

Streams and Hyphomycetes Tetracladium, Cercospora, Mycocentrospora,

Ponds Ophioceras

Filamentli mantarlar Aspergillus, Penicillium, Cladosporium,

Deep sea ve Mayalar Cadophora, Fusarium, Mycosphaerella,
Alternaria,  Aureobasidium, Cryptococcus,
Rhodotorula, Rhodosporidium, Candida, Pichia,
Malassezia, Pleurotus, Ganoderma

Submarine Filamentli mantarlar Cryptococcus, Trichosporon, Malassezia,

base ve Mayalar Candida, Rhodotorula, Rhodosporidium,
Exophiala

Hydrothermal Mayalar, Aureobasidium,  Malassezia, = Rhodotorula,

vents Chytridiomycota  Exophiala

Coastal and Ascomycota, Candida, Cryptococcus, Debaryomyces,

Oceanic Chytridiomycota, Rhodotorula,  Rhodosporidium,  Malassezia,

environments Basidiomycota Trichosporon,  Phaeosphaeria,  Aspergillus,

Rozellomycota Cladosporium,  Rhyzophydium,  Chytridium,
Lobulomyces, Spizellomyces

Chytridiomycota,  Rhizophydium, Lobulomyces, Zygorhizidium,
Lakes Ascomycota, Chytriomyces, Kappamyces, Chytridium,
Basidiomycota  Rhizophyctis, Rhodotorula, Rhodosporidium,
Rozellomycota  Sporobolomyces, Cryptococcus, Geotrichum,
Debaryomyces, Saccharomyces, Candida,
Pichia, Cordyceps, Simplicillium, Trechispora,
Agaricus, LKM11, LKM15, Rozella

Ascomycota,
Ice and Snow Basidiomycota  Cladosporium, — Aureobasidium,  Penicillium,
Chytridiomycota ~ Coccomyces, — Xylaria, —Coprinus,  Typhula,
Mpycena, Rhizophydiales

Ascomycota, Nectria, Fusarium, Penicillium, Sporobolomyces,
Aquifers Basidiomycota  Rhodotorula, Cryptococcus, Malassezia,
Zygomycota Mortierella

Rhizophydium, Podochytrium, Rhizoclosmatium,
Chytridiomycota,  Chytriomyces, Cladochytrium, Cyclopsomyces,

Pole Systems Rozellomycota  Lobulomyces, Mesochytrium,  Polychytrium,
Dikarya LKM11, Glaciozyma, Mrakia, Cadophora,
Penicillium, Rhodotorula, Epicoccum,

Cladosporium, Sporobolomyces, Kluyveromyces,
Aureobasidium, Candida, Basidiobolus

Waste water Rozellomycota,

treatment Ascomycota Claviceps, Aureobasidium, Candida, Geotrichum,
plants Basidiomycota  Penicillium

Street gutters

and street Mayalar, Chaetothyriales, Cryptococcus

pipes Chytridiomycota
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Tap water and Mayalar, Aureobasidium, Exophiala, Candida,
Ice chips Chytridiomycota  Cryptococcus, Penicillium, Rhodotorula,
Aspergillus
Candida, Pichia, Saccharomyces,
Swimming Ascomycota Rhodosporidium,  Rhodotorula,  Aspergillus,
pools Trichophyton
Nuclear Ascomycota Cladosporium, Penicillium, Alternaria,
reactors Zygomycota Aureobasidium,  Aspergillus,  Acremonium,
Phialophora, Mucor, Chaetomium
International
Space Station Ascomycota Penicillium, Aspergillus, Cladosporium,

Pezicula, Malassezia, Inonotus

Contribution of Aquatic Fungi to the Marine Ecosystem

Fungi are decomposers of woody and herbaceous substrates that enter
marine ecosystems, and their ability to degrade lignocellulose is an impor-
tant ability. They are also important in the decomposition of dead animals
and animal parts. While some marine fungi cause disease in marine ani-
mals and plants, they form symbiotic relationships with other organisms
(Hyde 1998).

Shredding of Wood (Plant parts, root, stem, leaf, fruit, flower,
seed, pollen)

Most marine fungi have been identified from lignocellulose-contai-
ning substrates, and it is therefore not surprising that several genera are
involved in wood decay activity in marine and estuarine environments.
(Blanchette et al., 1990). Many marine fungi are able to tolerate low oxy-
gen tensions and thus, although lignocellulosic bacteria are present, they
may be the predominant agent of the lignocellulose cycle in marine sedi-
ments as they are not active decomposers of this substrate. (Holt and Jones,
1983; Singh et al., 1990). This is particularly important given the large
biomass represented by lignocellulose in the form of mangroves and other
plant materials in coastal areas with high sediment load. Fungi are also
extremely important wood decomposers in the upper tidal zone where sea
borers cannot survive. (Hyde 1998).

Three types of rot are known for sea mushrooms. These are white, soft
and brown rot. white rot; Extensive enzymatic and non-enzymatic degra-
dation of all wood components is observed. Soft rot; It occurs by limited
lignin degradation with extensive enzymatic degradation of cellulose and
hemicellulose. Brown rot; It is formed by the very rapid decomposition of
cellulose and hemicellulose and by non-enzymatic oxidation with limited
lignin degradation (Eaton and Hale 1993). Brown rot fungi are not found
in marine environments because they are not hosts of very wet or waterlog-
ged woods (Mouzouras 1989).
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It is clear that a comprehensive study of lignocellulosic marine fungi
is needed to better understand their role in the environment. It appears
from existing studies that a few species may be cellulolytic and some may
degrade lignin. These marine fungi are likely decomposers of wood rot and
white rot and participate in the transformation of abundant biopolymers
(Hyde 1998).

In short, they have primary roles in the degradation of organic mate-
rials such as plant-derived root stem, leaf flower, pollen, fruit and seeds,
which are transported to aquatic environments or exist.

Decomposition of Animal Dead and Waste

There is little information in the literature about the role of marine
fungi in the decomposition of animal dead and remains. However, it has
been reported that an animal cellulose (Tunicin) found in the shells of tuni-
cates may play a role in degradation. Apart from that, it is known that they
invade the shells of mollusks. (Kohlmeyer and Kohlmeyer, 1979; Hyde
1998).

Their Importance in Sediment Stabilization

The soil in the immediate vicinity of the plant roots is called the rhi-
zosphere. It is known that rhizosphere fungi in terrestrial ecosystems be-
nefit plants by providing them with certain nutrients. Seagrass sediments
may also harbor rhizosphere fungi. These fungi enter the epidermal cells
and break down the walls of the hypodermal cells. They then settle into the
lumen of the hypodermal and cortical cells of the root. It is thought that
these fungi in seagrass may perform a similar function to terrestrial plants.

Mangrove deposits are rich in organic matter. DOM and POM from
mangrove litter enrich mangrove soils and provide ample nutrients for the
microorganisms that live there. Even mangrove deposits just a few centi-
meters below the surface are anoxic. Mycetaen fungi can be cultured from
anaerobic mangrove deposits. Most of these marine-derived fungi belong
to terrestrial genera.

Chytrids and labyrinthulomycetes are common in mangrove sedi-
ments and waters. Low salinity brackish water habitats have been found to
host Chytridiomycetes and Blastocladiomycetes. It has been observed that
waters with higher salinity contain more straminipilan-containing fungi.

The ecology of benthic sediments in coastal and shallow waters is
tightly linked to the dynamics of the pelagic waters above it. Therefore, it
is not possible to separate the dynamics of coastal waters from sediment.
Sediments from the water column and particulate organic matter (POM)
spilled from the water column precipitate into the sediments and signifi-
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cantly increase their organic matter content.

Fungi are abundant in coastal sediments and can play an important
ecological role. Fungal abundance, biomass and activities tend to be sig-
nificantly higher in the shallow water bentic zone compared to the water
column. Yeasts are found in much higher numbers in shallow water se-
diments than in the water column. (Rai et al. 1969; Ulken 1983a, Ulken
1983b; Nayak et al. 2011; Raghukumar 2017).

The Role of Aquatic Fungi in the Marine Ecosystem in the Food
Chain

Fungi are very important as secondary producers of biomass for co-
astal areas of lakes, reed beds in swamps, upstream rivers with leaf frag-
ments (Wurzbacher et al., 2011). Foregut contents of 109 different water
beetles collected from submerged wood showed that fungi were a part of
their diet in 66% of all insect species studied (Pereira et al. 1982). And
many conidia of aquatic fungi were found in fish excrement. (Sridhar and
Sudheep, 2011). Moreover, food web manipulations have been shown to
drastically alter fungal biomass in lakes. (Mancinelli et al., 2002). This
suggests that saprophytic fungi transport organic matter directly to higher
trophic levels of aquatic food webs. Therefore, environmental change can
have serious consequences for the overall food web topology and thus for
the nutrient and energy cycle. In addition, fungi can be important parasites
of primary producers, such as phytoplankton, which support the aquatic
food web with organic matter and energy. Because the decomposition of
aquatic organisms by fungi and single-celled parasites contributes to the
organic matter and energy cycle in the water. These events are generally
only known to have been carried out by Bacteria and Archaea. But aquatic
fungi actively participate in these events as mineralization and parasites.
(Wurzbacher et al. 2011).

Aquatic systems are typically poor in herbivores. However, most
of the biomass of macrophytes and coastal plant debris enters the pool
of organic matter in the water and is then metabolized. Finally, they are
converted into microbial biomass and brought into conditions suitable for
high trophic levels. The microbial mineralization of plant parts supports
a complex food web that includes microorganisms of all kinds (Archaea,
Bacteria, Fungi, Protozoans) and invertebrates (Nematodes, Trematodes,
Gammarids, Insects, Snails), plant debris, crayfish, amphibians, birds, fish
and bats. It provides even good predators with organic matter and energy
through the microbial food web. Microorganisms, especially fungi, have
enzymes that can break down even high levels of polymeric substances.
Filamentous fungi break down high molecular weight polymers into smal-
ler molecules of medium molecular weight and can degrade plant material
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from the inside. Fungi and bacteria growing in or on plant debris form the
main basis of the microbial food web. (Fischer et al., 2006).

Pathogenic Sea Fungi

Various animal including Ascomycota, Basidiomycota, Chytridiom-
ycota, Mucoromycota, and fungi of the Microsporidia family, Acantho-
cephala, Annelida, Arthropoda, Bryozoa, Chordata, Cnidaria, Dicyemida,
Echinodermata, Quinorhyncha, Mollusca, Myzodatyra, Netifathera, and
various marine animals, including Netifahelma parasitic with phyla relati-
onships and cause diseases.

Although 170,000 marine animal species have been reported in recent
years, it is estimated to be 2.15 million species. In addition, it is known that
the number of sea mushroom species is 1857. Pang et al. 2021, they repor-
ted 225 fungal species that cause infection of only 193 animal species. The
consequence of this is that diseases of marine animals in marine habitats
are simply reported as “fungus”, which is so underestimated. (Mora et al.
2011; Jones et al. 2019; Pang et al. 2021).

For this reason, the situations caused by the parasitic relationship
between marine animals and marine fungi in the marine ecosystem should
be examined with more detailed studies.

Conclusion

Although studies on the contributions of sea mushrooms to the marine
ecosystem have expanded in recent years, they are still not at the desi-
red level. The role of marine fungi in the marine ecosystem is not fully
understood due to problems such as isolation from their habitats and the
emergence of a number of hypotheses without evidence. Today, it is thou-
ght that the molecular diagnosis and diagnosis of fungal species will be
made and the desired level will be reached with further studies. The most
important contributions of marine fungi to the marine ecosystem are the
decomposition of organic materials in the sea and their benefit to other
living things in the ecosystem, the roles that marine plants such as seagrass
and mangroves play in sediment stabilization, their impressive contributi-
on to the food chain, and their pathogen control. A better understanding of
these capabilities will contribute significantly to our understanding of the
marine ecosystem and its functioning.
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