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CONGRESS ID

AEGEAN SUMMIT
4TH INTERNATIONAL APPLIED SCIENCES CONGRESS

DATE - PLACE
FEBRUARY 12 - 13, 2022
MUGLA

ORGANIIZATION
UBAK International Sciences Academy

CONGRESS ORGANIZING BOARD
Organizing Committee Member: Prof. Dr. Hiilya Cigek Kanbur
Head of Organizing Board: Dr Giiltekin Giirgay
Organizing Committee Member: Dr. Amaneh Manafidizaji
Organizing Committee Member: Dr. Mehdi Meskini Heydarlou
Organizing Committee Member: Dr. Nadire Kantarcioglu
Organizing Committee Member: Dr. Leman Kuzu
Organizing Committee Member: Editor of the USE Journal
Organizing Committee Member: Editor of the EuroAsia Journal
Organizing Committee Member: Editor of UBAK Publishing house.

EVALUATION PROCESS
All applications have undergone a double-blind peer review process.

PARTICIPATING COUNTRIES
Turkey — India — Azerbaijan — Nigeria — China — Canada- Germany- Philippine —
Indonesia - Georgia

PRESENTATION
Oral presentation

LANGUAGES

Turkish, English, Russian, Persian, Arabic
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IMPORTANT, PLEASE READ CAREFULLY

To be able to make a meeting online, login via https://zoom.us/join site, enter ID instead
of “Meeting ID

or Personal Link Name” and solidify the session.

The Zoom application is free and no need to create an account.

The Zoom application can be used without registration.

The application works on tablets, phones and PCs.

Speakers must be connected to the session 10 minutes before the presentation time.

All congress participants can connect live and listen to all sessions.

During the session, your camera should be turned on at least %70 of session period
Moderator is responsible for the presentation and scientific discussion (question-answer)
section of the session.

TECHNICAL INFORMATION

Make sure your computer has a microphone and is working.

You should be able to use screen sharing feature in Zoom.

Attendance certificates will be sent to you as pdf at the end of the congress.

Moderator is responsible for the presentation and scientific discussion (question-answer)
section of the session.

Before you login to Zoom please indicate your name surname and hall number,

exp. H-..., S-... NAME SURNAME



1st International Group Exhibition
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Meeting ID: 823 0512 1904
Passcode: 121322

1st International Group Exhibition
"ADVENTURE OF ART FROM TRADITIONAL TO CONTEMPORARY"
February 12-13, 2022
Mugla

12. 02. 2022 10: 00 - 12:00
Meeting ID: 823 0512 1904 Passcode: 121322

ABDULSEMET AYDIN

ABDULSEMET AYDIN HICRET
BARIS HASIRCI THE PHANTOM ZONE
BARIS HASIRCI SISSY-PUSS
DENIZ HASIRCI SURRENDER TO WONDER
DENIZ HASIRCI DINGIN
ENGIN UGUR OKYANUSTA FAAL BIR YANARDAG
ENGIN UGUR RUZGAR SANTRALI
ESRA ENES TASINMAZ DEGERLER
GOKCE COSKUN MANIFESTO
GULTEN GULTEPE RAKS EDENLER

HAMIDE SOYSAL DEMIRCI iz-3




KHRRAM MANAFIDIZAJ1

LEYLA KAYA DURMAZ
MASOOME ASHRAFI
]
MASOOME ASHRAFI

TUGBA SEFEROGLU

KANSER

POLES APART

MANIA

ROAM

KUMASLARIN DANSI
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Meeting ID: 823 0512 1904
Passcode: 121322

12. 02. 2022 10: 00 - 12:00
Meeting ID: 823 0512 1904 Passcode: 121322
HALL: 1 SESSION: 1 MODERATOR:

Effects Of Universities On Regional Development In The Context Of
Smart Specialization: The Case Of Siileyman Demirel University

Ogretmen Adaylarinin Ogrenmeye Yénelik Epistemolojik Inanglart Uzerine Bir
Arastirma

Technical Obstacles Of Implementing E-Learning In Yemeni Schools

Ortaokul Ogrencilerinin Bilgi Islemsel Diisiinme Oz Yeterliklerinin Incelenmesi

Okullardaki Nitelikli Personel Eksikligi Ile Yoneticilerin Is Yiikii Stresi
Arasindaki Tliskide Okullarda Yasanan Siddet Sikliginin Aractlik Roli

Tertiary Education Learners’ Challenges In Prep Classes

Fransa Ahlak Ve Vatandaslik Egitimi Dersi Ogretim Programinin Genel
Yapt Yoniinden Incelenmesi

Universite Ogrencilerinin Kariyer Engelleri Ve Psikolojik Dayaniklilik
Diizeyleri
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12. 02. 2022 10: 00 - 12:00
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HALL: 2 SESSION: 1 MODERATOR:

Esler Arast Tlgi Olcegi (EAIO): Gegerlik Ve Giivenirlik Calismast

Aile I¢i Kabul Olgegi (ATKO): Gegerlik Ve Giivenirlik Calismast

Yetiskinlikte Algilanan Ebeveyn Kabul-Red Algisi ile Romantik
Tliskilerde Sosyal Tlgi Diizeyi Arasindaki Tliskinin Cesitli Degiskenlere
Gore Incelenmesi

Esler Arast Tahammiil Olgegi (EATO): Gegerlik Ve Giivenirlik
Calismasi

Psikolojik Danisman Degerlendirme Envanteri: Tiirkee’ye Uyatlama,
Gegerlik Ve Glvenitlik Calismast

Sugluluk Ve Utang Duygusu lle Siirekli Anksiyete Arasindaki Iliskinin
Incelenmesi: Duygu Diizenleme Giigliigii Ve Benlik Saygisinin Arac
Rolii
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12. 02. 2022 10: 00 - 12:00
Meeting ID: 823 0512 1904 Passcode: 121322

HALL: 3 SESSION: 1 MODERATOR:

Lojistik Hukukunun Uluslararast Hukuk Disiplini I¢indeki Roliiniin

Incelenmesi
Hukukunda Tele Calisma

Isci Ucretlerinin Korunmast Kapsaminda; Bordroda Gosterilen Ucretle
Fiili Olarak Verilen Ucretin Farkli Olmasindan Kaynaklanan Sorunlarin
Degerlendirilmesi

Protecting the Business Name Within the Provisions of Unfair
Competition

The Procedures Of Executive Proceeding Based On The Unjust
Enrichment In An Outdated Bill Of Exchange

The Concept Of “Decent Work” In Labor Law

The Limit Of The Questions Posed To The Prospective Worker During
The Establishment Of The Labor Contract
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12. 02. 2022 10: 00 - 12:00
Meeting ID: 823 0512 1904 Passcode: 121322
HALL: 4 SESSION: 1 MODERATOR:

Tirkiye'de Kadin Istihdami Ve Cinsiyet Esitsizlikleri

The Implementation Of Magashid Sharia In Business: A Conceptual
View

Kirik Camlar Teorisi Uzerine Bir Degerlendirme

Kurumsal Sosyal Sorumluluk Ve 2030 Surdirilebilir Kalkinma
Amaglarinin Uygulanmast: Bist Kurumsal Yonetim Endeksi Ornegi

Muhasebe Ogrencilerinin Kariyer Tercihlerini Etkileyen Faktorler:
Onlisans Ogrencileri Uzerine Bir Calisma

Yesil Tedarik Zinciti Yonetiminde Yerel Yonetimlerin Etki Analizi

Otomobil Firmalarinin Instagram Paylasimlarinin Incelenmesi

Kadinlarin Isgiiciine Katilimi Ve Istihdam Diizeyini Etkileyen Faktorler
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12. 02. 2022 10: 00 - 12:00
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HALL: 5 SESSION: 1 MODERATOR:

Kapari Sinegi, Kaparimyia Savastani (Martelli) (Diptera: Tephritidae) nin
Tirkiy'deki Tlk Kayit

Kislamis Olan Lahana Bécegi, Eurydema Ornatum (L.) (Heteroptera:
Pentatomidae)’Un Tachinidler Tarafindan Parazitlenme Oranlari

Trigonella L. (Fabaceae) Cinsine Ait Turlerde, GAA30X7 ve RBCL Gen
Bélgelerinin Kullanilarak Filogenetik Tliskilerin Degerlendirilmesi

Ar1t Urinlerinin Apiterapide Kullanimini Saglayan Ozellikleri

Bitlis Ve Agrr’dan Elde Edilen Propolis Ve Polenlerin Antikandidal
Aktivitesi

Domateste Kok Bakterilerinin Bakteriyel Benek Hastaligr Etmeni Psexdonzonas
syringae pv. tomato Ve Kuraklik Stresine Karst Etkisinin Arastirilmast

Bakteriyel Endofitlerin Leptinotarsa decemlineata (Coleoptera: Chrysomelidae)
(Patates Bocegi)’ya Ve Patates Bitkisinin Gelisimine Etkilerinin Arastirilmast

Bildircin Rasyonlarina Biitirik Asit Ilavesinin Biiyiime Performanst
Uzerine Etkisi

At Beslemede Nutrasotikler
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Meeting ID: 823 0512 1904
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12. 02. 2022 14: 00 - 16:00
Meeting ID: 823 0512 1904 Passcode: 121322
HALL: 1 SESSION: 2 MODERATOR:

Faiz Koridoru Dénemi Ve Devaminda Enflasyon, Déviz Kuru
Opynaklig1 Ve Hazine Bor¢lanma Maliyetleri

Covid-19’un Tasimaciliga Etkisi

Tiiketim Olgusuna Yonelik Literatiir Incelemesi Ve Tiiketimde
Irrasyonellik

Helal Sertifikali Uriinlere Yénelik Tiiketici Davranislart Uzerine Bir
Aragtirma

TCMB Para Politikast Kurulu Karatlarinin Bist Banka Endeksi
Uzerindeki Etkisi: Bir Olay Caligmast

Covid-19 Kisitlamalarinin Bist Turizme Etkisi

Cok Kriterli Karar Verme Yaklagimiyla Dort Biytiklerin Finansal
Performans Siralamalart
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12. 02. 2022 14: 00 - 16:00
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HALL: 2 SESSION: 2 MODERATOR:

Human Security In NATO’s South

Pandemi Déneminde Kadina Yo6nelik Siddet

Ergenlerde Sosyal Medya Bagimliligt Tle Bireysel Ve Sosyal Sorunlarin
Incelenmesi

Beyin Gocii Uzerine: Tiirkiye-Almanya Ornegi

Toplumsal Cinsiyet Ve Istihdamda Beyaz Yakali Kadinlarin Karsilasti3t
Sorunlar

Neden Yanlis Hatirliyoruz? Duygu Durum Ve Bellek Yanilgist

Calismalarinin Incelenmesi

Pandemiyle Basa Cikma Ve Hijyen Egitiminin 60-72 Aylik Cocuklarin
Covid 19 Algilart Uzerindeki Etkisinin Metaforlar Araciligtyla
Incelenmesi
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12. 02. 2022 14: 00 - 16:00
Meeting ID: 823 0512 1904 Passcode: 121322
HALL: 3 SESSION: 2 MODERATOR:

Ahmad Domocao Alonto: Champion Of The Muslims In The
Philippines

Siyasal Temsilin Tki Yiizii: Betimsel Temsil ve Konu Temsili

Batili Demokrasilerde Sol-Sag Ideolojik Konumlanmast Uzerindeki
Hiikiimet- Secmen Uyumu Uzerine Bir Arastirma Notu

Kitleyi Insa Eden Siyasal Duygu Bigimleri: Merhamet & Stz

Yeni Siyasal & Kamusal Zemin: Internet Ve Sosyal Medya

Jean Bodin’in Styasal Iktidar Diisiincesinde Egemenlik Kavrami

Farabi Ve Ibn Bacce’nin Siyasal Diistincelerinin Nevabit Kavrami
Uzerinden Karsilastirilmast

DR'Y(I)&ggAIinESI L SN Cevik Liderligin Orgiitsel Ceviklikteki Roliiniin Degerlendirilmesi


amaneh.manafidizaji@gmail.com
Highlight
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Meeting ID: 823 0512 1904
Passcode: 121322

12. 02. 2022 14: 00 - 16:00
Meeting ID: 823 0512 1904 Passcode: 121322
HALL: 4 SESSION: 2 MODERATOR:

Estimating The Housing Production Function In A Local Public
Education Model

Kredi Kartt Harcamalari, Tasarruf Egilimi Ve Tuketici Guven Endeksi
Arasindaki Tliski

Strdirilebilitlik Ve Cevre Okur Yazarhgt

Orta Gelir Tuzagt: Kirilgan Sekizli Ulkeleri Uzerine Ekonometrik Bir
Arastirma

18. Yiizyilda Ingiltere’de Vergi Tiirlerinin Degerlendirilmesi

Tiirk Diinyast Ulkelerinde Beseri Kalkinma: Tiirkiye, Kazakistan,
Azerbaycan, Tiirkmenistan, Kirgizistan Ve Ozbekistan

Entropi Temlli Cok Kriterli Karar Verme Analizi Teknikleri ile
Ulastirma Ve Depolama Firmalarinin Finansal Performanslarinin
Degerlendirlmesi
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12. 02. 2022 14: 00 - 16:00
Meeting ID: 823 0512 1904 Passcode: 121322
HALL: 5 SESSION: 2 MODERATOR:

EKG Sinyallerinden Derin Ogrenme Tle Aritmi Tespiti

Evaluating I I7tro Biofilm Eradicating Ability Of LL-37 Templated
Synthetic Antimicrobial Peptide

Structure Elucidation Of Newly Synthesized Heterocyclic Compounds
By Detailed NMR Study

Uc Boyutlu Yazict ile Farkli Geometri ve Malzemelerden Uretilmis
Numunelerin Ug Nokta Egme Deneyi

Sentezlenen Nanogiimiis Tle Dezenfektan Uriinlerinin Gelistirilmesi
Poster presentation

Development Of Halogen-Free Flame Retardant Acrylonitrile
Butadiene Styrene (ABS) Based Composite Materials

Polimere Gémiilii Kirmizi Fosforun Nano Boyuttaki Cr/TiO 2 Ile

Manipilasyonu
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13. 02. 2022 10: 00 - 12:00
Meeting ID: 823 0512 1904 Passcode: 121322
HALL: 1 SESSION: 1 MODERATOR:

Mllistrasyon Alaninda Yeni Bir Giig: Insan Ve Yapay Zeka

Turkiye'de Yetistirilen Bazi Tropikal Meyvelerin Tanitilmas: Ve
Gastronomide Kullanim Olanaklarinin Arastirilmast

Mccurry’nin “Afghan Girl”, “Afgan Kiz1” Portre Fotografinda Imgesel
Gergeklik

Antalya Muzesi’'nden Roma Dénemi Konik Kadranlt Bir Glines Saati

Post Modern Cagda Sosyal Medya: Fenomen Olma Cabasi Ve
Mahremiyet Yitimi

Turkiye’de Gazete Satislatina Covid-19 Etkisi: Bit Durum Analizi
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HALL: 2 SESSION: 1 MODERATOR:

Nurettin Topeu Ve Benedicdus De Spinoza’da Ozgiirliik (Aksiyon Mu
Conatus Mu ?)

Taskopriiliizide’nin Nefsi'l-Emr Goriisii Ile Popper'in Ugiincii Diinya
Gorusunin Karsilastirilmasi

Kadin Bedeni Uzerindeki Politikalar: Izrun Kahpeye Ve Kizil Damga
Esetlerinin Beden Sosyolojisi Uzerinden Karsilatirmalt Olarak
Degerlendirilmesi

Dede Korkut Tkayeleri’ndeki Yansimalarin Fono-Mortfolojik Ozellikleri Uzerine

Giinlitk Yasantimizda Estetik Bir Iz Olan Tasavvuf Anlayist Ile Hareket Etmek

Tasavvuf Ve Toplumsal Gergeklik Alanlari: Kok Ve Dallar

Plotinuscu Suddar Teorisinin Farabi Tle Thvan-I Safa’ya Yansimalarinin
Mukayesesi

Metafizik Bir Olgu Olarak “Ates” ve Klasik Tturk Edebiyat: Asik
Tiplerinin Atesin Durumlart

Nasr B. Haccac’in Hz. Omer Tarafindan Siirgiin Edilmesi

S-V-R (L$8) Kelime Kok Ve Tiirevlerinin Artsiiremli Analizi
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13. 02. 2022 10: 00 - 12:00
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HALL: 3 SESSION: 1 MODERATOR:

Esler Arast Onaylanma Beklentisi Olgegi (EAOBO): Gegerlik Ve
Guvenirlik Calismast

Tiirk Enneagram Kisilik Olgegi (TEKO): Gegerlik Ve Giivenirlik
Calismasi

Iletisim Kuram Ve Uygulamalari: Jakobson Modeli

Kiiresel Tklim Degisikliginin Gocuk Saghgt Uzerine Ectkileri

Evlilikte Egitim Diizeyi Farkliligina Yénelik Tutum Olgegi (EEDFYTO):
Gegerlik Ve Giivenirlik Calismast

21. Yizyl Cocukluguna Bir Bakis; Cocukluk Ve Medikallesme
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HALL: 4 SESSION: 1 MODERATOR:

Tasfiye Talepnamelerine Gére Kesan’a Yerlestirilen Mubadiller
Roma Imparatorlugu’nda I11. Yiizyilda Ekonomik Ve Sosyal Durum

Sosyal, Kilttrel Ve Siyasal Dokusuyla Tunus’un Tarihi Sertivent

II. Diinya Savast Sonrast Dénemde Egitim Konusundaki Haberlerin
Sivas’ta Yayinlanan Ulke Gazetesine Yansimalari (1945-1950)

TBMM’nin IX. Yasama Déneminde Amasya Milletvekili Kemal Eren’in
Parlamento Faaliyetleri Ve Meclis Calismalarina Katkisi (1950-1954)

Osmanl Devleti'nin Klasik Caginda Ulemanin Padisahlar Uzerindeki
Etkisi
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HALL:5 SESSION: 1 MODERATOR:

Role Of Repurposed Drug Allium Sativum With Contribution Of
Artificial Intelligence In Development Of Potential Antiviral Agent
With Abundant Pharmacological Actions

Dolichoarteriopathies (Kinking, Looping, Tortuosity) Of The Vertebral And
Basiler Arteries: A Study By Magnetic Resonance Angiography

Transovale Trigeminal Cisternography In The Percutaneous
Treatments For Trigeminal Neuralgia

Global Hipometilasyon Ve APC2, DRD2 VE NR3C1 Hipermetilasyonunun
Tiirk Popiilasyonunda Sigara Tcme Riskine Ectkisi

Sentetik Biyoloji Ve Biyosensorler

Obstriiktif Uyku Apne Sendromunda (OUAS) Hasta Otiroid
Sendromu Varliginin Arastirilmast

Diisitk Doz Bor-Nitriir Nanopartikiiliiniin Betacoronavirus Uzerine
Etkisi

Van 1li Icme Sularinda Protozoon Parazit Varliklarinin Arastirilmast
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13. 02. 2022 10: 00 - 12:00
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HALL: 6 SESSION: 1 MODERATOR:
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TRIGONELLA L. (FABACEAE) CINSINE AiT TURLERDE, GA30X1 VE RBCL GEN
BOLGELERININ KULLANILARAK FILOGENETIK ILISKILERIN
DEGERLENDIRILMESI

YUDUM YELTEKIN 1, AYKUT YILMAZ?
! Usak Universitesi, Fen Edebiyat Fakiiltesi, Molekiiler Biyoloji ve Genetik Béliimi,
ORCID: ID/0000-0003-3891-8717
2 Usak Universitesi, Fen Edebiyat Fakiiltesi, Molekiiler Biyoloji ve Genetik Béliimi,
ORCID: ID/0000-0002-0327-8388

OZET

Fabaceae familyasina ait Trigonella cinsi, Trifolieae grubu, Trigonellinae alt grubunda yer
almaktadir. Diinya genelinde yaklagik 135 tiirii tanimlanan bu cinsin, tilkemizde farkli bolgelerde
lokalize olmus, 13 seksiyona ait 50 taksonu bulunmaktadir. Genellikle Tiirkiye’deki Trigonella tiirleri
tek yilliktir ve kiiltiire edilen tiirleri tip ve gida alaminda biiytik bir 6neme sahiptir. Trigonella cinsine
ait bilgilerin yetersiz olmasi ve yapilan ¢aligmalarda morfolojik karakterlerin tek bagina kullanilmasi
gibi sebeplerle, cinse ait seksiyon ve alt seksiyon siniflandirmalarinda hatalar bulunmaktadir. Son
yillarda DNA barkodlama y6ntemi, taksonomik agidan sorunlu olan tiirlerin tammlanmasinda siklikla
tercih edilmektedir. Bu ¢alismada Trigonella cinsi igerisinde var olan taksonomik problemlerin
giderilmesine katki saglamak ve filogenetik iligkilerin degerlendirilmesi amaciyla kloroplast genoma
ait rbcL gen bolgesi ve niikleer genoma ait GA30x1 bolgesi, Maximum Parsimony (MP)
yontemi kullamlarak incelenmistir. Ozellikle Trigonella cinsi gibi yetersiz tan1 karakterlerinden
dolayr  taksonomik olarak sorunlu bitki guruplarinda, filogenetik iliskilerin
degerlendirilmesinde en 1yi sonucu verecek ve yiiksek varyasyon gosteren barkodlama
bolgelerinin belirlenmesi biiyiik 6nem tagimaktadir. Bu sebeple, MP dendrogramlari ile cinse
ait var olan taksonomik problemlerin giderilmesine katki saglamanin yanisira, kullanilan iki
bolgenin Trigonella cinsine ait taksonlar i¢in ayrim yeteneklerinin ortaya g¢ikarilmasi da
amaclanmistir. Bu ¢alismada kullanilan her iki barkodlama bolgesinin sekans bilgileri
acisindan, cinse ait taksonlar1 gruplandirma yeteneklerinin ve taksonlarin seksiyonel ayrimi i¢in
yeterli bilgiye sahip oldugu, ayrica filogenetik iligkileri ortaya ¢ikarmak i¢in degerli oldugu
goriilmiistiir. Bu ¢alismadan elde edilen sonuglardan 6zellikle niikleer genoma ait GA30x1 gen
bolgesinin sekans bilgilerinin, 19 Trigonella taksonu igin yiiksek varyasyon (125 niikleotit)
gostermesi sebebiyle daha sonra yapilacak olan ¢alismalarda kullanilmasi tavsiye edilmektedir.

Anahtar Kelimeler: Trigonella, Barkodlama, GA30x1, rbcL

1. GIRIS

Diinya genelinde 727 cins ve 19327 tiir ile temsil Fabaceae ailesinin bir {iyesi olan Trigonella L. cinsi,
Trifolieae grubunda bulunan 6 cinsten (Trigonella L., Medicago Inc., Trifolium L., Melilotus L.,
Parochetus Buch.-Ham and Ononis L.) birisidir ve diinya genelinde yaklasik 135 tiir ile temsil
edilmektedir (Lewis, 2005; Ceter vd., 2012; Pmar vd., 2014; Akan vd., 2020). Genellikle kurak

bolgelerde yayilis gosteren Trigonella cinsine ait; Avrupa’da 23, Eski Sovyet iilkeleri’nde 35, Iran’da
25, Irak’ta 18, Kuzey Amerika’da 3 ve Avustralya’da 2 tiir kaydedilmistir (Davis, 1970; Zohary, 1987;
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Pinar vd., 2014; Akan vd., 2020). Tiirkiye’de ise farkli fitocografik bolgelerde lokalize olmus, 10
seksiyona ait 34 takson bulunmaktadir (Akan vd., 2020). Ulkemizde yetisen Trigonella tiirleri tek
yilliktir ve genellikle kumarin benzeri bir koku verir. (Dangi vd., 2004; Akan vd., 2020).

Small (1987) Trigonella cinsinin taksonomisini ortaya ¢ikarmak adia 62 Trigonella tiirii ile
sayisal taksonomik ¢alismalar sonucunda cinsi 12 seksiyona; Falcatulae, Pectinatae, Erosae
Callicerates, Uncinatae, Samaroideae, , Verae, Spinosae, Capitatae, ve Foenum-graecum
ayirmustir. Tirkiye Florasinda cins revize edilerek 13 seksiyona; Isthmocarpae, Uncinatae,
Lunatae, Falcatulae, Capitatae, , Cylindricae, Samaroideae, Pectinatae, Verae, Cylindricae,
Bucerates, Reflexae, Biebersteinianae ve Foenum-graecum ayrilmistir (Davis, 1970; Akan vd.,
2005; Pinar vd., 2014) Son yillarda filogenetik ve sistematik ¢alismalarda molekiiler
belirteglerin artmasina ragmen, Trigonella cinsine ait seksiyonel ayrimlar hala morfolojik
karakterler temeline dayanmaktadir. Bu sebeple cinsin taksonomisinde, seksiyon ve alt
seksiyon siiflandirmasinda hatalar bulunmaktadir (Dangi vd., 2016).

DNA barkodlama ¢alismalar1 yakin tiirler arasindaki filogenetik iligkilerin ortaya ¢ikarilmasi
ve tiir tayinlerinde cesitliligin belirlenmesi adina popiilerligini koruyan bir tekniktir. Tiire ait
bireylerin DNA dizisi temelinde, farkli DNA bolgelerinin kullanilmasma dayanan DNA
barkodlama teknigi, akrabalik iliskilerin belirlenmesi, tiir tayini, tiir ¢esitliliginin belirlenmesi
ve tiirlere ait var olan taksonomik problemlerin giderilmesine katki saglamaktadir. Bu teknikte,
tire ait DNA sekans bilgilerinin elde edilmesi ve tiirii ayirt etme giicii yiiksek olan DNA
bolgelerinin belirlenmesi gerekmektedir. Gergeklestirilen DNA barkodlama caligmalarinda
istenilen amaglar1 saglamak adina, tiirlere ait cekirdek DNA ve plastid DNA bolgeleri siklikla
tercih edilmektedir. Fakat plastid DNA bolgeleri, cekirdek DNA bdlgelerine gore daha az bilgi
icermektedir. Cekirdek DNA bolgeleri ise tek lokus kullanimindan dolayr dezavantajli
bolgelerdir. (Yilmaz, 2019).

Son yillarda DNA barkodlama c¢aligmalar1 taksonomik problemleri bulunan tiirlerin, var olan
problemlerinin giderilmesi ve farkli bitki guruplarinda akrabalik iligkilerinin belirlenmesinde
tercih edilmektedir (Inal ve Karaca, 2019). Bu nedenle bu ¢alismada Trigonella cinsine ait
seksiyonel ayrimlarin daha belirgin bir sekilde yapilmas1 amaci ile, cinse ait 6rnekler material
olarak tercih edilmis, belirlenen tiirlerin kloroplast genoma ait rbcL gen bolgeleri ve niikleer
genoma ait GA30x1 gen bolgeleri DNA barkodlama yontemi ile filogenetik iligkilerinin
degerlendirilerek molekiiler anlamda cinsin taksonomisine katki saglamak amaci ile
kullanilmistir.

2. DENEYSEL CALISMALAR

Bu ¢alisma kapsaminda, farkli bitki guruplarinda denenmis ve iyi sonug veren rbcL bolgesi ile
birlikte GA30x1 gen bolgeleri tercih edilmis, Trigonella cinsine ait taksonlar igin bu bélgelerin
DNA sekans analizleri yapilmistir. Bu g¢alismada rbcL gen bolgesi igin 13 Trigonella
taksonunun sekans bilgileri (Haris Saslis-Lagoudakis, vd., 2012; Ivanova, vd., 2016; Abdullah,
2017; Kuzmina, vd., 2017; Lu, vd., 2019; Veldman, vd., 2020; Hooft van Huysduynen, vd.,
2020) ve GA3ox1 gen bolgesi i¢in 19 Trigonella taksonunun sekans bilgileri (Steele, vd.,
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2010;Chen, vd., 2021), National Centre of Biotechnology Information (NCBI)’dan saglanmis
ve analizleri yapilmistir. Bu ¢alismada Trigonella cinsine ait tiirlerde kullanilan her iki DNA
bolgesi i¢in, sekans analizleri yapilan tiirler ve secilen bolgelere ait varyasyonlari1 gosteren
sekanslar Cizelge 1 ve Cizelge 5’de gosterilmektedir. Daha sonra MEGA X (Molecular
Evolutionary Genetics Analysis) programi kullanilarak ¢alisilan tiirlerin DNA sekans bilgileri
hizalandirilmistir. Belirlenen Trigonella taksonlari igin, rbcL ve GA30x1 gen bélgelerine ait
plrin ve pirimidinler i¢in transisyon/transversiyon oranlari, bir bazin diger bir baza degisim
durumlar1 ve oranlari, her bir sekans bolgesi i¢in niikleotit frekanslari tespit edilmistir. Son
adimda ise her bolge icin caligilan tilirlerin filogenetik iligkileri, Maximum Parsimony (MP)
dendrogramlari olusturularak incelenmistir (Gorsel 1, Gorsel 2).

3. SONUCLAR VE DEGERLENDIRME

Bu ¢alismada kloroplast genoma ait rbcL gen bolgesi ve niikleer genoma ait GA3ox1 gen
bolgeleri i¢in Trigonella cinsine ait tiirlerin filogenetik olarak iliskileri ortaya ¢ikarilmis ve her
iki barkodlama bolgesi igin Trigonella tiirlerinin filogenetik iliskilerin ortaya g¢ikarilmasi
bakimindan ayrim yetenekleri karsilastirilmistir.

3.1. RbcL Gen Béolgesi icin Analiz Sonuclar:
Secilen rbcL gen bolgesinden daha verimli sonuglar elde etmek amaciyla, sekans bilgisinden

hatali-eksik ve bosluk iceren datalar MEGAX programiin complete deletion o6zelligi
kullanilarak silinmis, daha sonra hizalandirilmistir. Calisilan rbcL gen bolgesi 1424
niikleotidlik hizalandirilmis DNA uzunluguna sahiptir ve bu bolgeye ait ¢alisilan tiirlerin
varyasyon gosteren bolge sayist 27°dir (Cizelge 1). RbcL gen bélgesine ait Parsim info
sekanslarida MEGAX programi kullanilarak incelenmis, 4 olarak tespit edilmistir. Calisilan bu
gen bolgesi icin tiim tiirlerdeki bir bazin diger baza olan degisim olasiliklar1 hesaplanarak,
transversiyonel baz degisimleri italik, transisyonel baz degisimleri koyu renk ile ¢izelge haline
getirilmistir (Cizelge 2). Olusturulan ¢izelgede transisyonel baz degisimleri, transversiyonel
baz degisimlerinden daha sik goriilmekle birlikte, 6zellikle timin ve sitozin bazi arasindaki
degisimlerin var olan toplam baz degisimlerinin %70’den fazlasim1 meydana getirdigi
gorilmektedir (Cizelge 2). Piirin ve pirimidin bazlari i¢in rbcL gen bolgesine ait
transisyon/transversiyon oranlari incelendiginde plirin bazlari arasindaki
transisyon/transversiyon oranlar1 0.118, pirimidin bazlar1 arasindaki transisyon/transversiyon
oranlar1 ise 9.501°dir. Genel transisyonel degisimlerin transversiyonel degisimlere orani ise
2.357’tir (Cizelge 3). RbcL gen bolgesine ait olan niikleotid frekanslari incelendiginde ise
bolgeye ait olan sekanslarin biiylik ¢ogunlugunun adenin ve timin bazlarindan olustugu
goriilmektedir (Cizelge 4). RbcL gen bolgesi kullanilarak, 13 Trigonella taksonunun filogenetik
iligkilerinin analizini yapmak amaciyla Maximum Parsimony (MP) dendrogrami, MEGAX
programi kullanilarak olusturulmustur (Gorsel 1). Hazirlanan dendrogram incelendiginde 13
Trigonella taksonunun sekans bilgileri dogrultusunda ana hatlariyla 4 gruba ayrildigi, bu
ayrimin cinsi seksiyonel bazda daha dnce c¢alisilmis ve ortaya ¢ikarilmis seksiyonel gruplari
destekleyici yonde sonuglar verdigi goriilmiistiir. RbcL gen bolgesine ait sekans bilgileriyle
yapilan ¢alismanin analiz sonuglar1 incelendiginde, 1424 niikleotidlik hizalandirilmis DNA
sekans bilgisinin, 27 bélgede 13 Trigonella taksonu i¢i varyasyon gostermesi, bu bélgenin
CBOL tarafindan 6nerilen bir gen bdlgesi olmasi ve Trigonella cinsine ait tiirler igin uygun bir
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bolge oldugunu, bununla birlikte tiir ici iligkilerin agia ¢ikarilmasi i¢in yeterli varyasyon
oranina sahip bir bolge oldugunu ortaya g¢ikarmistir. Sonu¢ olarak rbcL gen bolgesinin
Trigonella cinsine ait tiirler igin seksiyonel ayrim i¢in yeterli bilgiye sahip oldugu ve tiirler arasi
iligkileri degerlendirmek i¢in yeterli bir bolge oldugu soylenebilir.

Cizelge 1. Calisilan tiirler ve rbcL gen bolgesine ait varyasyon gosteren bolgeler

Tiirler Sekans Bilgisi
1122 22222 23333344444 4 4450575TFH5
8 90134688 9158890134577 90002
5138 986190136957 929203720347
Trigonella stellata 1 CGTATCTTTTCCCGTACGTTTGATCCT

Trigonella hamosa

Trigonella anguina 1 e O
Trigonella anguina 2 .. . . A . . . . . . . C.
Trigonella foenum-graecum 2 e © o
Trigonella foenum-graecum 3 e © o

Trigonella caerulea

Trigonella corniculata

Trigonella stellata 2

Trigonella foenum-graecum 4

Trigonella foenum-graecum 5 e e
Trigonella ornithopodioides TTCGCACAACTTTT. GTA. GGATCT. A

Trigonella foenum-graecum 1 T O

Cizelge 2. rbcL gen bolgesine ait bir bazin digerine degisim durumlart

A T C G
A - 4.53 2.85 0.39
T 3.86 - 27.04 3.27
C 3.86 43.08 - 3.27
G 0.46 4.53 2.85 -

Cizelge 3. Piirin ve pirimidinler igin rbcL gen bolgesine ait transisyon/transversiyon oranlari

Transisyon/Transversiyon Oranlari

Primidinler 9.501
Piirinler 0.118
Genel 2.357
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Cizelge 4. Her bir baz igin rbcL gen bolgesine ait niikleotid frekanslari

Niikleotid Frekans(%o)
A 26,61
T 31,24
C 19,61
G 22,55

85 Trigonella foenum-graecum 2
85 .
Trigonella foenum-graecum 1

Trigonella foenum-graecum 5 | Foenum-graecum

85

86

Trigonella foenum-graecum 4

55 Trigonella foenum-graecum 3

Trigonella stellata 1
= —l: Trigonella anguina 1 Falcatulae
53 Trigonella anguina 2

Trigonella caerulea | Capitate

55

55

Trigonella corniculata

T Trigonella hamosa
55 L Trigonella ornithopodioides

Falcatulae

Trigonella stellata 2

Gorsel 1. rbcL gen bolgesine ait, 13 Trigonella taksonu icin Maximum Parsimony dendrogram
(Bootstrap degerleri dendrogram iizerinde gosterilmektedir).

3.2. GA30x1 Gen Bélgesi I¢cin Analiz Sonuglar
Calisma igin segilen GA30x1 gen bolgesinden daha verimli sonuglar elde etmek amaciyla,

bolgeye ait olan sekans bilgilerinden hatali-eksik ve bosluk iceren kisimlar MEGAX
programinin complete deletion Ozelligi kullanilarak silinmis ve hizalandirilmistir. Segilen
bolgeye ait ¢aligilan Trigonella taksonlarinin 1606 niikleotidlik hizalanmig DNA sekans bilgisi
bulunmaktadir. GA30x1 gen bolgesine ait sekans bilgileri dikkate alinarak 19 Trigonella
taksonu incelenmistir ve calisilan tiirler arasinda 125 varyasyon iceren bdlge tespit edilmistir
(Cizelge 5). GA30x1l gen bolgesine ait Parsim info sekanslari MEGAX programinda
hesaplanmis ve toplamda 78 Parsim info sekansi oldugu tespit edilmistir. GA30x1 gen bolgesine
ait olan sekans bilgilerinin bir bazin diger baza olan degisim olasiliklar1 hesaplanarak ¢izelge
haline getirilmistir (Cizelge 6). Hesaplanan baz degisimlerinin yaklasik % 61’ini transisyonel
degisimler olustururken, %39’u gibi az bir kismmi transversiyonel baz degisimleri
olusturmaktadir (Cizelge 6). Bunlara ek olarak pilirinler ve pirimidinler igin
transisyon/transversiyon oranlari hesaplanmis, sirasiyla 2.828 ve 3.508’lik oranlar1 tespit
edilmis, genel transisyon/transversiyon orani ise 1.576 olarak hesaplanmistir (Cizelge 7).
GA30x1 gen bolgesine ait ¢alisilmis 19 Trigonella taksonu 1606 niikleotidlik DNA sekansi
hizalandirilmis ve niikleotid frekanslar1 hesaplanmistir (Cizelge 8). 19 Trigonella taksonuna ait
GA30x1 gen bolgesi sekanslarinin tiir igin akrabalik iligkilerini gésteren Maximum Parsimony
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(MP) dendrogrami haziranmistir (Gosel 2). GA30x1 gen bolgesi i¢in hazirlanan dendrogram
incelendiginde tiirlerin Onceki calismalar sonucunda elde edilmis olan seksiyonel bazda
ayrimlari destekleyici sonuglar vermistir. Calisilan GA30x1 gen bolgesinin 1606 niikleotidlik
uzunlugunun filogenetik iliskilendirme igin yeterli oldugu, var olan tim Trigonella
taksonlarindan elde edilen 125 varyasyon gosteren bolge ile tiirlerin seksiyonel bazda
ayriminda onceki ¢aligmalar1 destekleyici yonde sonuglar verdigi goriilmektedir. Sonug olarak
bu seckans bolgesi igin, Trigonella tiirlerinin akrabalik iligkilerinin belirlenmesi, var olan
taksonomik problemlerin ¢oziimiine katki saglanmasi i¢in yeterli bilgi icerdigi s6ylenebilir.
Benzer sonu¢ GA30x1 bolgesine ait sekans bilgileriyle elde edilen filogenetik agacta da
gbzlenmis, genel anlamda tiirlerin seksiyonel bazda ayriminda basarili oldugu goriilmiistiir.

Cizelge 5. Caligilan tiirler ve GA30x1gen bolgesine ait varyasyon gdsteren bolgeler.

Tiirler Sekans Bilgisi

Trigonella emodi A AATGGCCAATGCTAGCGACCT TGA

Trigonella cachemiriana

Trigonella orthoceras T. . . . . . . . G. . . . . . . . . TTA C
Trigonella monantha ... ¢c. . . . . . G. . . . . . . . . TTA C
Trigonella cancellata T. . . . . . . . G. . . A. . . . . T. A C
Trigonella spruneriana O N
Trigonella macrorrhyncha N
Trigonella kotschyii . . . .. T . . . C . . . . . . . . . . . T.
Trigonella gladiata . . . . . . T. . . . . A. G. . A.

Trigonella foenum-graecum

Trigonella elliptica . . . . . . . T. . A. . . G.

Trigonella cretica T L A .
Trigonella corniculata T C

Trigonella coerulescens N

Trigonella caerulea B O

Trigonella calliceras T ... .. T A

Trigonella balansae .. . . A . . . . G .

Trigonella arabica A

Trigonella anguina N P €
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Trigonella emodi
Trigonella cachemiriana
Trigonella orthoceras
Trigonella monantha
Trigonella cancellata

Trigonella spruneriana

Trigonella macrorrhyncha

Trigonella kotschyii

Trigonella gladiata

Trigonella foenum-graecum

Trigonella elliptica
Trigonella cretica
Trigonella corniculata
Trigonella coerulescens
Trigonella caerulea
Trigonella calliceras
Trigonella balansae
Trigonella arabica

Trigonella anguina

Trigonella emodi
Trigonella cachemiriana
Trigonella orthoceras
Trigonella monantha
Trigonella cancellata
Trigonella spruneriana
Trigonella macrorrhyncha
Trigonella kotschyii
Trigonella gladiata
Trigonella foenum-graecum
Trigonella elliptica
Trigonella cretica
Trigonella corniculata
Trigonella coerulescens

Trigonella caerulea

AN
£ ‘rH\E

A CCGAACGGCTCTAAACCTATACASG

@
® O O

> >» > >

- o =4 44 +H

- A4 4 A4 4 4 -

- A4 4 +H4 44 -

O O 06 6 O @

> > > >

- 4 o

> >» » > > O O O

>

> > > >

O O o O o O O O

O o o o o o o O

> >» >» » >» »>» > >

>

> >» >» > >» >

> > > -2 ®

- A4 4 A4 H4 A =4 -
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G A . G T C AT
Trigonella calliceras
A . G C CT c GcGCCT T
Trigonella balansae
A C A G € C T
Trigonella arabica
A . G T T C G CT T
Trigonella anguina
11 1 1111111111111 1111111
3 3 3 3 333 3 33 334 4 4 4 4 4 4 4 4 4 4
3 6 7 7 7 7 88 99 9 90112 22 2 33475
6 8 4 6 7 8 1 7 03 6 95 4 70 3 49 25170
CcC A G CTTC CT GGT CGCTGCTSGTCTCAGG
Trigonella emodi
Trigonella cachemiriana
G T CCGZCT T C C
Trigonella orthoceras
G T CCGZCT . C C A
Trigonella monantha
G T C G CTA. C C A
Trigonella cancellata
G T cC G. A . C C G A
Trigonella spruneriana
G T cC G. A T G C G
Trigonella macrorrhyncha
AT c G. AT . CcC A C A
Trigonella kotschyii
T G T C AT . C C
Trigonella gladiata
T G AT C AT . A C C T A
Trigonella foenum-graecum
. © T
Trigonella elliptica
G T C A T Cc A
Trigonella cretica
Cc
Trigonella corniculata
G T C G A . T G C G
Trigonella coerulescens
T Cc . A . T C C A
Trigonella caerulea
G C G T T C T C
Trigonella calliceras
G cCGGCA. . A. . . TC T
Trigonella balansae
G C G C C T CAT
Trigonella arabica
G A ceccCc. . . . TC
Trigonella anguina
11 1 1111111111111 11111111
4 4 4 4 4 4 4 4 4 5 5 5 5 5 5 555 5 55 5 55
5 5 6 6 7 8 88 8 0 012 2 3 3 33 444555
0 3 354026 949954812 47036 2 335
G T CATGTG GGG GTC cGcGCccCcTGCGTTT
Trigonella emodi
@ A . AT
Trigonella cachemiriana
@ A G C A . T T C T
Trigonella orthoceras
C A G C A . T T CT
Trigonella monantha
C A G C A . T T CT
Trigonella cancellata
A C A C CcC A . AT
Trigonella spruneriana
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Cc . A . C A . A . AT
Trigonella macrorrhyncha
© . A . C Cc A . A . C . C
Trigonella kotschyii
© . A . C Cc A . AAT
Trigonella gladiata
© . A . C Cc A . AT
Trigonella foenum-graecum
A .
Trigonella elliptica
C T C T A A ATC T G C
Trigonella cretica
AT
Trigonella corniculata
Cc . A C A . A AAT
Trigonella coerulescens
A C . A . A G . G C .
Trigonella caerulea
Cc . A C CcC A . AT . c .
Trigonella calliceras
Cc . C A . AT . C T
Trigonella balansae
Cc . A A A AT T Cc .
Trigonella arabica
Cc . A . AT . Cc .
Trigonella anguina
Cizelge 6. GA3ox1gen bolgesine ait bir bazin digerine degisim durumlari
A T C G
A - 5.56 4.34 12.23
T 5.09 - 15.21 4.32
C 5.09 19.52 - 4.32
G 144 5.56 4.34 -

Cizelge 7. Piirin ve pirimidinler igin GA30x1 bolgesine ait transisyon/transversiyon oranlari

Transisyon/Transversiyon Oranlari

Primidinler

Piirinler

Genel

3.508

2.828

1.576

Cizelge 8. Her bir baz i¢in GA30x1 bdlgesine ait niikleotid frekanslar

Niikleotid Frekans(%o)
A 26,37
T 28,80
C 22,44
G 22,38
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448: Trigonella orthoceras
100 Trigonella monantha Bucerates
34 Trigonella cancellata
r— Trigonella balansae
Gl Falcatulae

Bl —— Trigonella anguina

r— Trigonella calliceras | Callicerates

27
FL—— Trigonella arabica | Falcatulae

Trigonella cachemiriana | Ellipticae
Trigonella corniculata | Falcatulae

Trigonella emodi
48 Trigonella elliptica

Trigonella caerulea | Capitatae

100

33— Trigonella macrorrhyncha | Foenum-graecum

19 | Trigonella coerulescens | Biebersteinianae
- { Trigonella spruneriana
Trigonella kotschyii
47 Trigonella gladiata
7 Focom e
98 Trigonella foenum-graecum

Trigonella cretica | samaroidea

Cylindricae

Gorsel 2. GA30x1 bolgesine ait, 19 Trigonella taksonu i¢in Maximum Parsimony dendrogram
(Bootstrap degerleri dendrogram iizerinde gosterilmektedir).

4. GENEL DEGERLENDIRME VE SONUCLAR

Calisma kapsaminda tercih edilen RbcL gen bolgesine ait Trigonella taksonlarinin, filogenetik
iligkileri ve taksonomik statiilerini degerlendirmek i¢in olusturulan Maximum Parsimony
dendrogrami incelendiginde, genel anlamda tiirlerin seksiyonel olarak basarili bir sekilde
ayrildigi gozlenmistir. Elde edilen MP dendrogrami incelendiginde, Foenum-graecum
seksiyonuna ait taksonlarin birlikte guruplandigi, ayrica diger seksiyonlara ait taksonlardan
ayrildig goriilmektedir.

Bu ¢alismada Capitate seksiyonuna ait tek tiir olan T.caerulea’nmin, Falcatulae ve Foenum-
graecum seksiyonlarina ait tiirlerle yakin simiflandig1 gézlenmistir. Benzer sonug Dangi (2016)
calismasinda gozlenmis ve Capitate seksiyonunun,, Falcatulae ve Foenum-graecum seksiyonu
ile yakin siniflandig1 gézlenmistir.

GA30x1l gen bolgesine ait Trigonella taksonlarinin filogenetik iliskilerini ve taksonomik
durumlarin1 degerlendirmek icin olusturulan MP dendrogrami incelendiginde, taksonlarin
genel olarak seksiyonel bazda ayrildig1 goriilmektedir. Seksiyonel bazda calisilan taksonlarin
iligkileri degerlendirildiginde, Samaroidea seksiyonunun dendrogramin en dis grubunu
olusturdugu goriilmektedir.

Bu calismada Falcatulae seksiyonuna ait olan tiirlerin, Ellipticae seksiyonunda yer alan tiirlerle
yakin siniflandigi goézlenmistir. Benzer sonug Steele (2010) calismasinda gozlenmis ve
Falcatulae seksiyonunda bulunan T.corniculata tiirti, Ellipticac seksiyonunda yer alan
T.elliptica tiirii ile yakin siniflanmistir.
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Steele’nin 2010 yilinda yaptig1 ¢calismada, T. arabica tiiri Falcatulae seksiyonunda yer alan
tirlerle ve Callicerates seksiyonunda yer alan T.calliceras tiirii ile yakin siniflanmistir. Bu
calismada GA30x1 bolgesinden elde edilen dendrogram incelendiginde, T. arabica tiiriiniin
Falcatulae ve Callicerates seksiyonlarinda yer alan tiirlerle yakin siniflandig1 gézlenmistir.

Her iki bolgeden elde edilen sonuglar detayli bir sekilde incelendiginde, Trigonella cinsine ait
tiirler i¢in rbcL ve GA30x1 gen bolgelerinin seksiyonel bazda tiirleri yeterli ayirdigi, seksiyonlar
arasi iligkilerin diger caligmalarla benzerlik gosterdigi goézlenmistir. Bu iki bdlgenin DNA
sekans bilgileri, Trigonella tiirlerini ayrim giicii ve tiirler arasi iligkilerin ortaya ¢ikarilmasi
bakimindan degerlendirilmis ve verimli sonuglar elde edilmistir. Ayrica ¢alisma kapsaminda
tercih edilen bolgelere ait Trigonella taksonlart i¢in yeterli sekans bilgileri bulunmamakta ve
calismanin sonucu olarak daha fazla tiir ile birlikte calisilarak, bu iki bdlgenin cinsin
taksonomik iliskilerinin degerlendirilmesi, var olan problemlerin ¢dziimiinde kullanilmasinin
fayda saglayacagi 6nerilmektedir.

EK

RbcL

KX283088, KX283086, KX283083, MN783868, MN167235, MN216599, MG2488309,
MG246636, KX789410, KX283357, MG946901, MK090331, JQ933512

GA3ox1

MW?242342, MW242309, MW242303, MW242299, MW?242295, HM211170, HM211168,
HM211167, HM211165, HM211164, HM211163, HM211162, HM211161, HMZ211160,
HM211159, HM211158, HM211156, HM211155, HM211154
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OZET

Nutrasotiklerin atin sagligi ve performansi iizerindeki etkileri hakkinda ¢ok az bilimsel veri
vardir. Bu {irtinlerin kalitesi ve etkinligi hakkinda bilgi eksikligi, atin beslenme programinda
hatalara neden olabilir. Bu ¢alismanin amaci, atlarda siklikla kullanilan performans artirici,
antioksidan ve eklem saglig i¢in kullanilan nutrasétiklerin etkinligini analiz etmektir. Atlarda
yapilan ¢alismalar, karnitin ve kreatinin oral biyoyararlanimlarinin diistik oldugu bildirilmistir.
Dall1 zincirli amino asitler, yorgunluk iizerinde bir miktar etkisi olabilecek kas glikojen igerigini
olumlu yonde etkileme yetenegine sahiptir. Astaksantin ve Koenzim Q10, antioksidan olarak
serbest radikallerin oksidasyonunu inhibe etmek icin kullanilabilir. Glukozamin ve kondroitin
stilffat kombinasyonunun, kikirdak yikiminin azalmasina neden olabilecegini ve anti-
inflamatuar etkilere sahip olabilecegi 6ne siirlilmiistiir. Nutrasotiklerin atlarda performansi veya
saglig1 artirdig1 yaygin olarak iddia edilse de, bu takviyelerin tiimii olmasa da ¢ogu i¢in etkili

olduguna dair ¢ok az bilimsel kanit oldugu veya hi¢ olmadig1 sonucuna varilmaigtir.
Anahtar Kelimeler: At besleme, nutrasotikler
1. GIRIS

Nutrasotik terimi 1990'larin baginda "beslenme" ve "farmasotik" kelimelerinden gelistirilmistir
ve tamamlayict yemlerin veya katkilarin pazarlanmasinda siklikla kullanilmaktadir.
Nutrasotikler, yaygin olarak atlarin saghigi ve atletik performansi optimize etmeye yardimci
olabilecek yem bilesenleri olarak tanimlanir. NRC (2009)’ye gore nutrasotikler “Yem
icinde/lizerinde veya ayr1 olarak sunulan, temel olarak kabul edilen besinlerin saglanmasi veya
hayvan iizerinde normal beslenme ihtiya¢larinin 6tesinde amaglanan etki i¢in temel besinlerin
saglanmasi disindaki yollarla hayvana 6zel yarar saglamas1 amaglanan, atlar tarafindan agizdan
tiikketilen bir madde, ancak yasal olarak tanimlanmis ilaglar1 igermez” olarak tanimlanmustir.
Tanimdan da anlasilacagi gibi, nutrasotikler, yem ve ilaglar arasinda bir yerdedir, ancak
yemlerde oldugu gibi besin madde profilini veya bilesimini listelemeleri zorunlu degildir ve
¢ogu durumda, once uygun bir ila¢ onayindan ge¢meden hastaliklar1 tedavi etmek veya

Onlemek icin tasarlanmistir.
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At diyet takviyelerinin kullanimi, son 10-15 yilda hizli bir genisleme gostererek ve at
sahipleri/bakicilar1 gesitli iiriinlere kolayca erisebilmesine imkan sagladi (Gemmil ve ark.,
2016). Bu siiregte, at pratiginde nutrasétiklerin sagligi optimize eden iriinlerden ziyade
performans arttiricilara bir yonelim oldugu goézlemlenmistir (Sankaranarayanan, 2019).
Nutrasétikler tizerinde iiretilen bilimsel verilerin ¢ogu insan arastirmalarina dayandigindan bu
tirlinlerin giivenlik ve/veya etkililikleri belirsizligini korumaktadir (Murray ve ark., 2018).

Bir diyet takviyesinin gerekli olup olmadigin1 veya belirli bir iiriiniin ne zaman sagligin
korunmasinda, desteklenmesinde veya iyilestirilmesinde yardimci olabilecegini belirlemek
kafa karistirici olabilir. Diyet takviyeleri herhangi bir farmakoterapi ile birlikte kullanildiginda;
ilacin veya ek bilesenlerinin biyoyararlanimini ve metabolizmasini degistirebilecek potansiyel
besin-ilag etkilesimleri hakkinda degerlendirme yapilmalidir. Bu nokta 6zellikle botanik
iiriinlerde Onemlidir. Bazi at takviyeleri potansiyel olarak toksik bilesenler (sarimsak,
pirolizidin alkaloidleri) icerir ve kullanima dikkatle yaklasilmali veya tamamen kaginilmalidir
(Ruckert ve ark. 2019; Saastamoinen ve ark., 2019). At takviyelerindeki bir¢ok yaygin bilesen,
spor atlarinda pozitif bir ilag testiyle sonuglanabilir (Vervuert ve Stratton-Phelps, 2021).

Bu derlemenin amaci, performansi (kreatin, karnitin, dimetilglisin, 8-hidroksi-B-metilbutirat ve
dall1 zincirli amino asitler), antioksidan kapasiteyi (astaksantin ve Koenzim Q10) ve eklem
sagligini (glukozamin ve kondroitin siilfat) dogrudan artirdig: iddia edilen takviyelere vurgu

yaparak, bu katkilarin kullanilmasina iliskin gerekg¢e ve bilimsel kanit saglamaktir.

2. PERFORMANS ARTTIRICI OLARAK NUTRASOTIKLER

Her kas, hizli-glikolitik, hizli-oksidatif/glikolitik ve yavas-oksidatif liflerin farkli bir
kombinasyonunu igerir. Kas liflerinin oksidatif kapasitesi mitokondriyal igerikleri ile belirlenir
ve insanlar da dahil olmak iizere bir¢ok tiiriin yasli iskelet kasinda mitokondriyal fonksiyon
azalir (Hepple, 2014). Iskelet kasinda enerji iletimi ve kullaniminin kontroliiniin, atletik
performansin kilit belirleyicilerinden biridir. Ornegin 1000 m diiz bir yarisa kars1 birkag saat
siiren dayaniklilik egzersizinde, kas performansi siirekli bir adenozin trifosfat (ATP)
kaynaginin korunmasia baghdir. Hizli kasilmalar, sitozolde meydana gelen ve hizli ATP
liretimine izin veren, ancak verimsiz olan glikolize dayanir. Glikoliz yani anaerobik enerji
iiretimi, glukoz ya da glikojen den enerji elde edilir ve laktik asit agiga c¢ikar. Kisa siireli tam
yiiklenme durumunda, enerji temini anaerobik yolla miimkiindiir ve sonugta aciga ¢ikan laktik asit
nedeni ile yorgunluk sekillenir. Yiiklenme ne kadar fazlaysa, anaerobik enerji liretimi ve dolayisi
ile yorgunluk da o kadar cabuk ortaya ¢ikacaktir. Anerobik enerji metabolizmasinda oksijene

ihtiya¢ olmadigindan ¢ok daha kisa siirede gergeklestirilebilir. Yavas kasilmalar, daha yavas ama
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daha verimli olan mitokondriyal oksidatif fosforilasyon ile ATP {iretimine izin verir. Aerobik
enerji iiretimi, karbonhidrat, yag ve proteinin oksijen vasitasi ile yakilarak, karbondioksit ve suya
donistiirilmesidir. Aerobik metabolizmada ise oksijen gerekli oldugundan, enerji iiretimi daha
yavas meydana gelir fakat sonugta iiretilen enerji miktar1 daha fazladir. Sonug olarak, viicuttaki
besin maddesi depolarindan aerobik yolla enerji {iretimi, anaerobik metabolizmaya goére 600 kat
daha fazladir. Bu baglamda, birgok besin takviyesinin, ATP sentezinin kontroliinii lizerindeki
etkisi ile performansi arttirdigt ve bdylece kastaki bozulmus enerji iletimi ile iliskili
yorgunlugun baglangicini erteledigi iddia edilmektedir (Aranay ve ark., 2007). Bir ergojenik
etkiyi olusturan kreatin, karnitin, amino asitler ve p-hidroksi-p-metilbutiratin (HMB) spesifik

mekanizmalar1 agsagida incelenmistir.

2.1.Karnitin

L-Karnitin, karnitin-palmitiltransferaz 1, karnitin-palmitiltransferaz Il ve karnitin-agilkarnitin
translokaz enzimlerinin bir bilesenidir. Kalp ve iskelet kasinda bol miktarda bulunan bir amino
asittir. Esas olarak endojen olarak sentezlenen karnitin normal saglikli eriskinlerde muhtemelen
gereksinimi kargilar. Ancak, stres zamanlarinda ve belirli hastalik durumlarinda endojen
karnitin sentezi gereksinimi karsalamada yetersiz olabilir. Yiiksek konsantrasyonlarda karnitin
hem iskelet hem de kalp kasinda bulunur, ancak bitkilerde bulunmaz (Zeyner ve Harmeyer,
1999). Bu nedenle, atlar otsu diyetler yediklerinden, muhtemelen diyet karnitinini yeterince

absorbe etmek i¢in evrimlesmemislerdir.

L-karnitin, mitokondriyal B-oksidasyonda onemli bir rol oynar (Brass, 2000). Kas hiicresinde
enerji kaynagi olarak yag asitlerinin kullanimi saglamasindan dolayi, karnitin takviyesinin kas
glikojenini koruyacagina ve laktik asit liretimini azaltacagi ve boylece kas fonksiyonunu ve
dayaniklilik egzersizlerinde yardimci olabilecegi one siiriilmistiir (Wagenmakers, 1999).
Karnitinin bir diger fonksiyonu ise agir egzersiz sirasinda liretilen Asetil-CoA i¢in bir 'lavabo’
gorevi gormesidir. Asetil-CoA'nin asetil-karnitine doniistiiriilmesi, CoA'nin mevcudiyetini
korur ve Asetil-CoA:CoA oranini azaltir. Bu nedenle, karnitin diizeyindeki bir artis, sitrik asit
dongiisii boyunca substrat akigini artirabilir. Aksi takdirde, piruvat dehidrojenazin aktivitesi
artabilir. Bu mekanizma, glikozun oksidatif metabolizmasini artirmaya, laktat {retimini
azaltmaya ve belki de asir1 hidrojen iyonu ve laktat birikimi ile sinirlanabilecek egzersiz
gorevleri sirasindaki performansi artirmaya hizmet edebilir (Wagenmakers, 1999).

Atlarda, karnitin, oral uygulamadan intestinal absorpsiyonu diisiiktiir (Foster ve Harris, 1989) ve
bundan dolay1 kas diizeyini arttirmada basarisiz olmustur (Foster ve ark., 1988). Ote yandan, L-

karnitin katilan diyetle beslenen atlarda, egzersizde kan laktat diizeyini etkiledigi belirtilmistir
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(Zeyner and Harmeyer 1999). Ancak bu bulgu, diger calismalar tarafindan desteklenmemistir.
Ornegin, safkan genc atlara giinde 9 ve 12 g L-karnitin verilmesinin egzersiz sonras1 laktik asit
ve amonyak konsantrasyonlari veya CK/AST aktiviteleri tizerinde higbir etkisi olmadig1, ancak
laktik asidin bazal degerlerine daha hizli doniis bildirilmistir (Falaschini ve Trombetta, 2001).
Niemeyer ve ark. (2005) tarafindan yliriitiilen bir ¢alismada, iki yasindaki atlara 10 haftalik
stireyle glinde 10 g L-karnitin takviyesinin kalp hizi veya laktatta antrenman kaynakli
degisiklikler iizerinde higbir etki bildirilmemistir.Ote yandan, gen¢ Standardbred atlarm (10
g/glin) kondisyonlama sirasinda L-karnitin takviyesinin, orta gluteal kastaki tip 1A liflerinin
oranin1 arttirdigt ve bu bulgunun karnitin katkisinin olasi metabolik avantajlara isaret

edebilecegi belirtilmistir (Rivero ve ark. 2002).

2.2. Kreatin

Kreatin (N - aminoiminometil - N -metilglisin), karnivor diyetlerinde dogal olarak bulunan bir
amino asit tiirevidir (metilguanidin-asetik asit). Kreatin, bobrekler, pankreas ve karacigerde
arginin, L-metionin ve glisinden endojen olarak sentezlenir. Fizyolojik roliinii yerine getirmek
icin kreatin, kreatin kinaz tarafindan kreatin fosfata (PCr) dondstiiriiliir. PCr, yogun egzersiz
sirasinda ATP'nin yeniden sentezi i¢in hizla bir fosfat kaynag1 saglar ve bdéylece ATP/ADP
homeostazinin korunmasia yardimer olur. PCr metabolizmasinin diger islevi anaerobik
glikoliz sirasinda iiretilen hidrojen iyonlarinin tamponlanmasidir. Sprint kosularda hem ADP
hem de hidrojen iyonu birikimi, yorgunluga neden oldugundan iskelet kas1 PCr diizeyi
performansin onemli bir belirleyicisi olabilir. Boyle durumlarda, kreatin katkis1 atin egzersiz

kapasitesi lizerinde ergojenik bir etki olusturabilir. (Greenhaff, 2000).

Insanda kas kreatin igeriginde belirgin bir artisa neden olan giinde 50 mg kreatin/kg viicut
agirhigi diizeyinde atlara verildiginde, plazma kreatin konsantrasyonunda iki kat artisina karsin,
kas kreatin iceriginde hi¢bir degisiklik gozlenmemistir (Sewell ve Harris, 1995). Ayrica,
Schuback ve ark. (2000) tarafindan kas kreatin diizeyi, performans parametreleri veya egzersize
iliskin kas metabolik tepkileri kreatin takviyesinden (14 giin boyunca giinde 100-120 mg/kg
viicut agirligi kreatin monohidrat) etkilenmedigi bildirilmistir. Bagka bir calismada (Angelis ve
ark. 2007), aerobik antrenmanlar1 sirasinda Arap atlarina 90 giin siireyle 75 g kreatin
monohidrat verildiginde, longissimus dorsi kasinin kesit alan1 ve yag tabakasi kalinligini

degistirmedigi saptanmamaistir.

Oral yoldan verilen kreatin takviyesinin at performansi iizerindeki etkisinin olmamasi, atlarda
kreatinin biyoyararlaniminin diisiik olmasindan kaynaklanmis olabilir. Insanlardan farkli

olarak, atlarda kreatinin intestinal absorpsiyonu sinirlidir. Bu durum muhtemelen, atlarin otcul
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bir hayvan olmasi ve bitkiselsel kaynaklarda kreatin diizeyininin diisiik olmasina bagli olarak
karnitini yeterince absorbe edecek sekilde evrimlesmemelerinden kaynaklanmaktadir. Bu
nedenle, kreatin igeren diyet takviyelerinin atlarda performansi iyilestirmesi ihtimalinin diisiik

olacagi soylenebilir.

2.3. Dimetilglisin (DMG)

Kolin metabolizmasinin bir ara iiriinii olan dimetilglisin (DMG), atlarda oksijen kullanimini
arttirmak ve boylece kaslarda laktik asit birikimini azaltmak, yorgunlugu gecsiktirmek, dogal
bagisiklik tepki sistemini gliclendirmek, atin siddetli fiziksel aktiviteye toleransini arttirmak ve
genel performansi iyilestirme amaciyla yogun olarak kullanilmaktadir. Ancak, DMG katkisi ile
insanlarda yiiriitiilen denemelerde tutarli bir ergojenik sonug elde edilememistir. Bunun aksine,
atlarda DMG takviyesinin yararl etkilerini bildiren Levine ve ark. (1982) tarafindan egzersiz
sonrast DMG’nin kan laktat konsantrasyonunu 6nemli 6l¢iide diisiirdiigii ve bu durumun
piruvat dehidrojenaz enziminin daha yiiksek aktivasyonunun bir sonucu olabilecegi ifade
edilmistir. Bagka bir ¢alismada ise (Oliveira et al., 2015), bir ay siireyle 30 g/giin diizeyinde
DMG katkisinin atlarda laktat metabolizmasini etkiledigi ve ayrica kademeli bir kosu bandi
testi sirasinda kat edilen mesafeyi arttirdigi bildirilmistir. Ote yandan, Funari (2011) tarafindan
dayaniklilik yarismasi i¢in egitilen Arap atlarma ii¢ ay boyunca 1.2 g/at/giin dozunda DMG
verilmesinin atletik performansta (kreatin kinaz ve aspartat aminotransferaz enzimleri, plazma
glukozu ve laktat ve kalp hizi ve solunum o6lgiimleri) bir ilerlemeye neden olmadigi
bildirilmemistir. Bu sonuclara goére, DMG’nin at metabolizmas: iizerindeki etkilerinin tutarsiz

oldugu sdylenebilir.

2.4. B-hidroksi-B-metilbutirat (HMB)

HMB, esansiyel amino asit 16sinin bir metabolitidir ve hem hayvanlarda hem de insanlarda
endojen olarak iiretilir. HMB’nin insanlarda ve laboratuvar hayvanlarinda kas protein sentezini
uyardigr gosterilmistir. Buna ilavedeten, HMB takviyesinin atlarda kas protein sentezini
uyarabilecegini One siiriilmiistiir (Reiter ve ark., 2017). Ayrica kolesterol biyosentezinde yer
aldigindan, HMB’nin agir egitim ve egzersiz sirasinda kas hasarini azaltabilecegine ve
maksimum biiylime ve iglevi tesvik edebilecegi belirtilmistir. Safkan yaris atlarinda HMB ve
v-Oryzanol (GO) oral takviyesinin egzersize bagl kas hasari indeksleri iizerindeki etkisini
belirlemek i¢in Ostaszewski ve ark. (2012) tarafindan yiiriitiilen bir ¢calismada, kreatin kinaz ve
laktat diizeylerinin diistigli ve bu sonucun egzersize baglh kas hasarlarinin azalmasindan
kaynaklandig: bildirilmistir. Bir meta-analiz ¢alismasinda, egzersize bagl kas hasarin takiben

HMB takviyesinin serum LDH ve CK diizeylerini diislirdiigii ve kas hasarini iyilestirdigi
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goriilmiistiir (Rahimi ve ark. 2018). Bu sonuglara gore, HMB katkisinin, atlarda dayaniklilig

artirma ve kas hasarini azaltma potansiyeline sahip oldugu diisiiniilmektedir.

2.5. Amino Asitler

Amino asitler ve protein takviyelerinin, kas kiitlesi olusturma yetenegine sahip oldugu ve
boylece atin performansini etkileyebilir. Ek olarak, dalli zincirli amino asitlerin (16sin, izoldsin
ve valin) (BCAA) kas glikojen icerigini olumlu yonde etkileme yetenegine sahiptir. BCA)
takviyesinin, endojen karbonhidrat rezervlerinin tiikkendigi bir zamanda sitrik asit dongiisii i¢in
karbon ara iiriinleri saglayabilecegi ve boylece yorgunlugun baglamasini gegiktirdigi 6ne

stiriilmiistiir (Wagenmakers, 1999).

BCAA takviyesinin tek basina egzersiz performansi tizerindeki etkilerine iligkin yayinlanmig
¢ok az sayida very vardir. Bir ¢calismada (Stefanon ve ark. 2000), BCAA karigiminin (9,0 g L-
16sin, 4,5 g izolosin ve 4,5 g L-valin) yaris atlarina anrenmandan 1 saat 6nce uygulanamsinin
agir egzersiz sirasinda enerji metabolizmasinin belirtecleri (plazma laktat, glukoz, allantoin
veya piruvat konsantrasyonu) tizerinde bir etkisi saptanmamistir. Benzer sekilde, 5 hafta
boyunca haftada tic kez BCAA ile beslenen atlarda egzersiz sirasinda ve sonrasinda plazma
biyokimyasal degiskenlerinde (laktat, amonyak, toplam protein, {ire, lirik asit, kreatinin, FFA,
kreatinin, kinaz, LDH ve AST) herhangi bir degisiklik olmamuistir (Casini, 2000). Mansho Filho
ve ark. (2010) tarafindan igdis edilmis atlara verilen BCAA karisiminin eritrosit sayisi,
hematokrit degeri ve kan glutamin konsantrasyonuna artirdigi, kan glutamat konsantrasyonu
ise etkilemedigi bulunmustur. Glutaminin azalmasi, akut ve kronik hastaliklarla iligkilidir ve
bu nedenle, bu amino asit bobrek hiicreleri, enterositler ve bagisiklik sistemi hiicreleri
tarafindan genis Olciide tiiketildiginden, glutaminin yiikselmesi at sagliginin korunmas igin
onemli olabilir (Harris ve ark., 2006). Glutaminin artmasiyla diger faktorler de olumlu etkilenir,
ornegin kas anabolizminin artmasi, dolayl: bir sekilde BCAA takviyesinin olumlu etkilerinin
bir gostergesi olarak kullanilabilir (Williams, 2005). Son olarak, glutamin egzersizler ve stres
sirasinda serbest radikal iiretimini azaltan 6nemli bir hiicre i¢i antioksidan ajan olan glutation

sentezine katkida bulunur (Smith ve Narris, 2000).

Insanlarda yapilan birka¢ calisma, egzersiz sonrasi erken ddénemde artan amino asit
mevcudiyetinin iskelet kasindaki protein metabolizmasini degistirdigini gostermistir (Rennie
ve Tipton, 2000). Spesifik olarak, amino asitlerin oral veya intravendz verilmesinden
kaynaklanan hiperaminoasidemi, egzersiz sonrasi kas proteini sentez hizini arttirir ve protein
yikiminda egzersize bagl artisi Onleyebilir. Bu nedenle, egzersiz sonrasi amino asit veya

protein takviyesi, kondisyonlama sirasinda iskelet kasinda anabolizmi tesvik edebilir. Atlarda
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ne egzersizin kas protein metabolizmasi tizerindeki etkileri ne de egzersiz sonrasi amino asit

veya protein takviyesinin bu siire¢ler lizerindeki etkisi aragtirllmamastir.

3. ANTIOKSIDAN OLARAK NUTRASOTIKLER

Atlar, aerobik metabolizmay1 en {ist diizeye ¢ikaran kalp boyutu ve akciger kapasitesindeki
evrimsel adaptasyonlarla memeliler arasinda en yiiksek iskelet kas1 oksidatif kapasitelerinden
birine sahiptir (Essen-Gustavsson, 1986). Giinliik egzersiz sirasinda iiretilen enerji veya
karacigerdeki detoksifikasyon reaksiyonlari gibi normal ve temel metabolik reaksiyonlarin
oksidatif bir yan iiriinii olarak reaktif oksijen tiirii (ROS) tretilir. ROS, serbest radikalleri ve
hidrojen peroksit gibi peroksitleri igermektedir. Bunlar, proteinler, lipitler ve DNA gibi biitiin
hiicre bilesenlerine zarar verir. (Shadel and Horvath, 2015). Antioksidanlar, diger molekiillerin
oksidasyonunu engelleyen molekiillerdir. Antioksidanlarin iki temel formu vardw: (i) suda
¢oziinen (C vitamini, glutatyon, alfa lipoik asit ve resveratrol gibi) ve (ii) yagda ¢éziinen
(astaksantin ve koenzim Q10 gibi polifenoller, E vitamini, A vitamini, beta karoten gibi). Viicut,
serbest radikallere kars: siiperoksit dismutaz (SOD), katalaz, glutatyon, alfa-lipoik asit ve
koenzim Q10 antioksidanlarint iiretir. C vitaminini. atlar ve kopekler tarafindan iiretirler.
Sistein, glutamik asit ve glisin gibi kiikiirtlii amino asitlerden sentezlenen glutatyon, memeli
hiicrelerinde en bol bulunan enzimatik olmayan antioksidandir (Ribas et al., 2014). Beta
karoten, biyoflavonoidler, flavonoller, astaksantin, resveratrol, selenyum ve E vitamin viicutta
tiretilmeyen antioksidanlardwr. Bu makalede yalnizca astaksantin ve koenzim Q10 katkilarinin

etkinlikleri degerlendirilecektir.

3.1. Astaksantin

Astaksantin, E vitamini ve A vitamini gibi, hiicre zarlarin1 peroksidasyondan koruyan yagda
¢oziinen bir antioksidandir. Astaksantin'in benzersiz yapisi hiicre duvarina dahil edilmistir ve
ana hiicre antioksidan glutatyon peroksidazi  gii¢lendirmeye hizmet eder. Calismalar,
astaksantin'in serbest radikal temizlemede E vitamininden 14 kat, C vitamininden 65 kat ve
beta-karotenden 54 kat daha giiglii oldugunu gostermistir (Nishida ve ark., 2007). Astaksantin
diger etkileri su sekilde siralanabilir: (i) Choi ve ark. (2008) tarafindan yapilan bir arastirmada
astaksantin'in uyarilabilir nitrik oksit sentaz (iNOS) ve siklooksijenaz (COX2) dahil olmak
tizere iltihaplanma belirteglerini inhibe ettigi belirtilmistir. Bu 6nemlidir ¢ilinkii metabolik
atlardaki yiiksek glikoz seviyeleri viicuttaki bir baska oksidatif stres kaynagidir. Oksidatif stres,
alerjiler, cilt enfeksiyonlar1 ve virlisler ve diger bulasic1 patojenlerle savagma yeteneginin
zayiflamasi gibi bagisiklikla ilgili diger bir¢ok sorunu tetikleyebilen bagisiklik fonksiyonunu
etkileyebilir. (ii) Serbest radikalleri azaltan anti-inflamatuar etkisinden dolay1 astaksantin,
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atlarda osteoartrit igin faydali olabilir. Arastirmalar, astaksantin'in prostaglandin E-2, COX-
2 enzimi ve niikleer faktor kappa-B gibi belirli inflamatuar aracilart baskilayabildigini
gostermistir (Lee ve ark., 2003). (iii) Park ve ark. (2010) tarafindan, astaksantin'in bagisiklik
sisteminin temel bilesenleri olan T ve B hiicrelerinin seviyelerini ylikselttigini bildirmislerdir.
Aragtirmacilar ek olarak, DNA hasar1 belirtecnii, plaseboya kiyasla daha diisiik ve astaksantin
takviyeli grubunda C-reaktif proteini (bir iltihaplanma belirteci) 6nemli lgiide daha diisiik
bulmuslardir (iv) Hayvan calismalari, astaksantin'in kas onarim siirecinden sorumlu Col1Al
(fibriler kollajen tip 1 sentezi i¢in) ve bFGF (temel fibroblast biiylime faktorii) genlerin
ekspresyonunu artirdigini, hyaluronik asit birikimini arttirdigini, doku skarini azalttigini ve
iyilesme siirecini hizlandirdigin1 gostermistir (Manciula ve ark., 2019; Meephansan ve ark..,
2017; Mizuta ve ark., 2014). (v) Astaksantin, mitokondriyal membranda, uzun zincirli yag
asitlerinin intramitokondriyal bdlgeye membran tasinmasinda yer alan karnitin palmitoil
transferaz I'in (CPT-1) ROS’tan koruyarak enerji tiretiminin verimliligini artirir (Aoi ve ark.,

2008). CPT1 tarafindan yag asidi tasinmasi i¢in L-karnitin gereklidir (Brass ve Hiatt, 1998).

Astaxantin ve L-karnitinin diyete eklenmesinin, Safkan atlarda egzersize bagli kas hasarini ve
myopatiyi azalttig1 saptanmustir (Sato ve ark., 2015). Aragtirmacilar, sekiz hafta boyunca giinde
31 ata 75 mg astaksantin ve 3.000 mg L-karnitin igeren katki sunmuslardir. Kontrol grubunda
yer alan 32 ata her hangi bir katki maddesi verilmemistir ve katki verilmeden 6nce 6nce ve
katkiya bagladiktan ii¢ giin ve sekiz hafta sonra her bir attan kan 6rnekleri alinmistir. Ayrica
herhangi bir myopati vakasi degerlendirmesi yapilmistir. sekiz hafta sonra astaksantin
takviyesi grupta kontrolden daha diisiik laktat dehidrojenaz-5 (kas hasarini gosteren bir enzim)
saptanmistir. Bunun yani sira seviyeleri sagladigini kontrol grubunda kas hasarin1 gosteren
baska bir enzim olan kreatin kinazin 6nemli &lgiide daha yiiksek belirlenmistir. Ote yandan
katki maddesi ile beslenen atlarda (% 10.4), sekiz haftalik siire boyunca kontrol atlarina gore

(% 34.5) onemli 6l¢iide daha myopati vakasi goriilmiistiir.

3.2. Koenzim Q10

Koenzim Q10 olarak da bilinen Ubiquinone (CoQ10; 2,3 dimetoksi-5 metil-6-dekaprenil
benzokinon) viicutta mitokondriyal solunum zincirinin bir bileseni olarak bulunan giiglii
hiicresel antioksidandir. CoQ10, kompleks I (NADH ubikinon oksidorediiktaz) ve kompleks
IT'den (stiksinat ubikinon rediiktaz) elektronlar1 kabul ettigi ve bunlar1 kompleks III'e (ubikinol
sitokrom c¢ rediiktaz) aktardigi mitokondriyal elektron tasima sisteminde ek bir temel role
hizmet eder (Garrido-Maraver et al., 2014). Insan sporcular i¢in ve insanlarda miyopatiler,

CoQ10 eksiklikleri ve norodejeneratif ve kardiyovaskiiler hastaliklarin tedavisi i¢in CoQ10
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takviyesi Onerilmistir (Garrido-Maraver et al., 2014). CoQ10'un kullanimi atlarda ¢ok iyi
aragtirtlmamistir Atlarda, plazma CoQ10 konsantrasyonlarinin 1-3.4 g/giin oral takviye ile
arttig1 gosterilmistir (Sinatra et al., 2015; Ruiz et al., 2021). Sadece bir ¢aligma atlarda kas
CoQ10 konsantrasyonlarini degerlendirmistir (Thueson et al., 2019). Bu ¢alismada, 21 giin
boyunca 1 g/giin oral CoQIl0 ile takviye edilen fit Safkan atlarda, gluteal kas CoQ10
konsantrasyonlar1 6nemli dlgiide artmistir (Thueson et al., 2019). Seckin atletler olarak Safkan
yaris atlari, elit insan atletlerden iki ila li¢ kat daha fazla maksimum oksijen tiiketimine ve diger
bircok tiirden daha yiiksek mitokondriyal kiitleye sahiptir (Poole, 2003). Bu nedenle, Safkan
atlarin  maksimum egzersiz swrasinda biliylik miktarlarda ROS iiretmesi muhtemel
goriinmektedir; bu, ROS'un antioksidan kapasitesini asmast durumunda zararli fizyolojik
etkilere neden olabilir. Yazarlarin bilgisine gore, hipoksi sirasinda at kiiltiirlii miyoblastlarda
yiiksek ROS seviyeleri 6l¢giilmiistiir, ancak iskelet kas1 biyopsilerinde dl¢tilmemistir (Ceusters
et al., 2019). Iskelet kasindaki en yaygin antioksidan, glutatyon ve en giiclii antioksidan olan
CoQ10'un gelistirilmesi, at atletlerinde ve oksidatif stresten etkilenen miyopatili atlarda iskelet

kast {lizerinde faydali etkilere sahip olabilir (Bookbinder et al., 2019; Valberg et al., 2016).

EKLEM SAGLIGI KATKILARI iCIN NUTRASOTIKLER

Osteoartrit, atlarda topalligin en yaygimn nedenlerinden biridir. Bu eklem patolojisinden eklem
kikirdagi matris sentezi ve bozulmasindaki bir dengesizlik sorumludur. Eklem kikirdaginin
bozulmasi sonugta kotiilesen basing ve gerilme sertligine yol agar. Kikirdak yapilarinda artan
interlokin-13  (IL-1p) seviyeleri, artan nitrik oksit (NO) seviyeleri ve matris
metalloproteinazlarin (MMP'ler) aktivasyonu yoluyla kikirdagin bozulmasina aracilik eder. Bu
kosullarda geleneksel olarak nonsteroid antiinflamatuar ilaglar (NSAIDS), eklem
enjeksiyonlari ve fizik tedavi kullanilir. Bununla birlikte, glukozamin ve kondroitin siilfat veya
kombinasyonlar1 oral yolla atlarda eklemlerde olusabilecek hasarlar1 geciktirmek veya olusan
lezyonlar1 tedavi etmek amaciyla yaklagik 50 yildir yaygin olarak kullanilmaktadir
(Sankaranarayanan, 2019).

Glukozamin, eklem kikirdaginda serbest halde bulunmaz, fakat glukozaminden olusmus N-
asetil-glukozamin olarak bulunur. Kondroitin siilfat (CS), eklem kikirdaginin hiicre disi
matrisinde dogal olarak bulunan bir glikozaminoglikandir. CS, kikirdagin direnci, esnekligi ve
diger biyomekanik 6zelliklerinden sorumludur. Osteoartrit, eklem kikirdaginin dejenerasyonu
ve proinflamatuar sitokinlerin asirt iretimi ile iligkilidir. IL-1p'nin Katabolik siireci
indiikleyebilen proinflamatuar bir sitokin oldugu kabul edilmektedir. Fizyolojik olarak ilgili
konsantrasyonlarda, glukozamin ve kondroitin siilfatin gen ekspresyonunu ve nitrik oksit (NO)
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ve prostaglandin E2 sentezini diizenledigi ve anti-inflamatuar ozellikler sergileyebildigi
gosterilmistir (Chan ve ark. 2005). Ayrica glukozamin, glikozaminoglikan (GAG) ve
proteoglikan sentezini uyarabilir ve proteoglikan bozulmasini azaltabilir, boylece kikirdagi
koruyabilir. Topallig1 azaltmadaki etkinligini belirlemek i¢in bir glukozamin-kondroitin stilfat
bilesigi ile tedavi edilen dejeneratif eklem hastalig1 olan atlar lizerinde yapilan bir ¢calismada,
tedaviden sonraki 2 hafta i¢inde topallik derecesi, fleksiyon testi ve adim uzunlugunun 6nemli
ol¢iide iyilestigi bulundu (Hanson ve ark., 1997). Klinik olarak normal atlara bir kondro-

koruyucu ajan olarak glukozamin beslendiginde, faydalar minimal gériinmektedir (Nielsen ve

ark., 1998).

SONUC

At nutrasotikleri pazart son 25 yilda biiyiik Slgiide biiytidii, ancak iiriinlerin gilivenlik ve
etkinlikleri ve iiretim kalitesinin degerlendirilmesi sinirlidir. Nutrasétiklerin atlar {izerinde test
edilmesinin yan1 sira yasal standartlar1 ve siki kalite kontroliiniin yapilincaya nutrasotik
enddstrisi i¢in zorlu bir zaman olmaya devam edecektir.
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OZET

Son zamanlarda patojenik bakterilerin antibiyotiklere karst artan direnci enfeksiyon kontrolii
icin biiyiik bir endise olusturmaktadir. Bakterilerin kolonize formu olan biyofilmler ektraseliiler
polimerik matriks tarafindan saglanan yapisal koruma sayesinde enfeksiyon kontroliinii daha
da giiclestirmektedir. Agresif biyofilmlerin olusumu biyofilm bakterilerinin artan antibiyotik
toleransi ve eradikasyona kars1 gosterdikleri direng yiiziinden enfeksiyon tedavisini etkisiz hale
getirmektedir. Bu sebeple, biofilm enfeksiyonlariyla miicadele edecek ve eradikasyonu
herhangi bir direng tetiklemeden saglayacak yeni stratejilerin gelistirilmesine acil bir ihtiyag
duyulmaktadir. Bu baglamda fiziksel olarak bakteriyel hiicre membranina saldirarak diisiik
konsantrasyonlarda bile anti-biyofilm aktivitesi gdsteren antimikrobiyal peptitler biyofilm
enfeksiyonlarinin tedavisi i¢in 6n plana ¢ikmaktadir. Bu calismada sentetik bir antimikrobiyal
peptidin Staphylococcus aureus biyofilmine karsi olan eradikasyon potansiyeli biyofilm
canlilif1 ve biyokiitlesindeki degisimler yoluyla incelenmistir. Antimikrobiyal SAAP-276
peptidi kat1 faz peptit sentez metoduyla sentezlenmis ve insan keratinosit hiicreleri SAAP-276
peptidinin biyouyumlulugunun degerlendirilmesi i¢in analize tabi tutulmustur. Daha sonra, S.
aureus biyofilmleri farkli siireler boyunca SAAP-276 peptidiyle inkiibe edilerek biyofilm
eradikasyonunun  degerlendirilmesi  i¢in  safranin boyamast ve resazurin testi
gerceklestirilmistir. Sonuglar SAAP-276 peptidinin en diisiik dozda ve 4 saat uygulamada bile
canlilik ve biyokiitleyi azaltarak S. aureus biyofilmlerini 6nemli o6l¢iide pargaladigini
gostermistir. Sonug olarak, SAAP-276 peptidinin bir anti-biyofilm ajani olarak terapotik
formulasyonlarin gelistirilmesinde kullanilmasi biiyiik bir umut vaat etmektedir.

Anahtar Kelimeler: antimikrobiyal peptit, biyofilm, eradikasyon, S. aureus.

ABSTRACT

The increased resistance of pathogenic bacteria to antibiotics possesses a greater concern for
infection control. The colonized form of bacteria, biofilms, hampers infection control due to
structural protection provided by the extracellular polymeric matrix. The formation of
recalcitrant biofilms makes infection treatment ineffective due to increased antibiotic tolerance
of biofilm bacteria and persistence of biofilms against eradication. Therefore, there is an urgent
need to develop new strategies combatting biofilm infections by means of eradication without
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inducing any resistance. In this context, antimicrobial peptides have come into prominence for
biofilm infection treatment due to their inherent anti-biofilm activities even at the lowest
concentrations by physically attacking bacterial cell membranes. This study investigates the
ability of a synthetic antimicrobial peptide in eradicating Staphylococcus aureus biofilm by
evaluating changes in biofilm viability and biomass. The antimicrobial peptide, SAAP-276,
was synthesized by solid-phase synthesis method and subjected to human keratinocyte cells for
biocompatibility evaluation. Thereafter, mature S. aureus biofilms were subjected to SAAP-
276 peptide for different incubation times followed by safranin staining and resazurin assay for
assessment of biofilm eradication. The results demonstrate that SAAP-276 peptide disintegrates
the mature S. aureus biofilms by decreasing biomass and viability significantly even after 4h
treatments at the lowest dosing. In conclusion, the utilization of SAAP-276 as an anti-biofilm
agent holds great promise for the development of therapeutic formulations.

Keywords: antimicrobial peptide, biofilm, eradication, S. aureus.

1. INTRODUCTION

Biofilms are aggregated forms of planktonic bacteria that allow adhering to a surface for
colonization [1]. Bacteria in a biofilm structure are embedded by an organic polymer matrix
referred to as extracellular polymeric matrix (EPS) mainly composed of extracellular DNA,
proteins, polysaccharides, and lipids. The EPS acts as a barrier and protects the biofilm bacteria
from physical and chemical stress [2]. The structural organization of biofilm bacteria within the
EPS matrix also results in nutrient and waste gradients because of the decreased diffusion which
is correlated with poor drug delivery as well. In terms of antibiotic treatment for the eradication
of an infection from the body, biofilm existence diminishes the treatment efficiency due to
increased antibiotic tolerance arising from decreased penetration efficiency throughout EPS
matrix, degradation of the antibiotics by the enzymatic components of the EPS, and increased
resistance of biofilm bacteria against the antibiotic of interest [3]. Antibiotic resistance and
biofilm-related antibiotic tolerance have addressed the urgent need to utilize other molecules as
alternatives to antimicrobial drugs [4]. One of these molecules is antimicrobial peptides (AMPS)
which exhibits broad-spectrum antimicrobial action against a variety of bacteria including
Staphylococcus aureus, Pseudomonas aeruginosa, and Escherichia coli [5,6]. AMPs are small
peptides that play an important part in the innate immune system of various organisms. LL-37
is a host defense AMP found only in humans and has been shown to exhibit protection against
bacterial and viral infections [4]. By exploiting human LL-37 peptide as a template, a synthetic
antimicrobial and anti-biofilm peptide (SAAP), SAAP-276, have been produced chemically.
SAAP-276 has shown to be effective against S. aureus by permeabilizing the cell membrane
and inhibiting the biofilm formation [7]. The obtained results supported the inhibitory effect of
SAAP-276 against the formation of S. aureus biofilm in the case of biomaterial device-
associated infections. However, the evaluation of SAAP-276 on eradication of pre-formed S.
aureus biofilms was not reported concerning biofilm biomass and viability. In this study we
have investigated the S. aureus biofilm eradication in the presence of the SAAP-276, a mimic
of the human LL-37 peptide, synthesized by a solid-phase peptide synthesis approach. The
time-dependent eradication of the biofilms was assessed by quantification of biomass and
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viability by safranin and resazurin assays, respectively. Our results show that SAAP-276
disintegrates the mature biofilms and decreases biomass and viability significantly even after
4h treatments at the lowest dosing. These results suggest the use of SAAP-276 in combination
with delivery systems or in the form of wound dressings for biofilm infection control.

2. METHODS

2.1. SAAP-276 Peptide Synthesis and Characterization
In this step, the synthesis of the SAAP-276 peptide was performed for investigation of its

biofilm eradication potential. The SAAP-276 peptide with the amino acid sequence of amine-
LKRVWKAVFKLLKRYWRQLKKPVR-amide was synthesized by solid-state peptide
synthesis (SSPS) method using an automated peptide synthesis instrument (Focus Xi™,
AAPPTEC, LLC) [7]. In the first step, Rink amide-MBHA resin was swelled in
dimethylformamide (DMF) solvent to prepare the resins for amino acid coupling. All amino
acid solutions were prepared in DMF (0.3 M) and transferred into instrument reservoirs. To
provide coupling of the amino acids to 9H-fluorenylmethoxycarbonyl (Fmoc) protected-resins,
swelled resins were incubated in a deprotection solution containing 20% (v/v) piperidine in
DMF. After removal of the Fmoc group, the first amino acid was coupled to resin in the
presence of 0.5 M 2-(1H-Benzotriazole-1-yl)-1,1,3,3-tetramethyluronium hexafluorophosphate
(HBTU) and 0.1 M diisopropylethylamine (DIEA). After the first amino acid coupling cycle,
the amino acid-resin were incubated in deprotection solution for removal of Fmoc group and
treated with the following amino acid for coupling until all the amino acids in the peptide chain
are coupled. After the peptide synthesis reaction has been completed, the cleavage of SAAP-
276 peptide from the resin was performed by incubating in a cleavage solution comprising 95%
(v/v) trifluoroacetic acid, 2.5% (v/v) triisopropyl silane, and 2.5% distilled water for 2 hours.
The solution was then eluted into cold diethyl ether solution and centrifugation was performed
at 4500 rpm and 4°C for 15 min. SAAP-276 peptide pellet was dissolved in distilled water and
stored at -80°C followed by lyophilization to obtain the peptide in powder form.

2.2. In Vitro Biocompatibility of SAAP-276 Peptide
Biocompatibility of the SAAP-276 peptide was investigated by Alamar blue assay on human

dermal keratinocyte (HS2) cell line to determine the safe concentration range for eradication
studies. HS2 cells were cultured in Dulbecco's Modified Eagle Medium/Nutrient Mixture F-12
(DMEM/F12) medium supplemented with 10% (v/v) fetal bovine serum (FBS) and 1%
penicillin-streptomycin. After reaching 80% confluency, cells were detached from the surface
using 0.05% trypsin-EDTA solution and seeded into 96 well plates at the concentration of 7000
cells/well. The plates were incubated overnight at 37°C in a 5% CO2 incubator to allow cell
attachment. The following day, stock SAAP-276 peptide solution was prepared in HEPES
buffer and diluted in fresh DMEM/F12 medium to concentrations of 0.5, 1, 2.5, and 5 pg/mL.
Diluted SAAP-276 solutions were sonicated for 15 min for homogeneous dispersion in the
DMEM/F12 medium. Thereafter, media in the wells were discarded, cells were washed with
1X phosphate-buffered saline (PBS) and fresh SAAP-276 solutions were pipetted into each
well. After incubation for 24, 48, and 72 hours at 37°C in a 5% CO- environment, ready-to-use
Alamar blue solution was added into each well at a final volume of 10% (v/v) and plates were
incubated for 2 hours in the dark. The conversion of blue resazurin dye into fluorescent pink-
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colored resorufin product was measured at excitation/emission wavelength of 542/570-600 nm
using the BMG Labtech CLARIOstar® plate reader. The non-treated cells were used as a
negative control for viability assessment of HS2 cells exposed to SAAP-276 peptide. During
experiments, the biocompatibility of each concentration was investigated in triplicates, and
results are expressed as mean + standard deviation.

2.3. S. aureus Biofilm Formation

Mature S. aureus biofilms were obtained in this stage for evaluation of eradication potency of
SAAP-276 peptide. In the study, one colony of gram-positive S. aureus (ATCC 29213) strain
streaked onto tryptic soy agar (TSA) was inoculated overnight in tryptic soy broth (TSB) under
aerobic conditions at 150 rpm and 37°C. After overnight incubation, S. aureus culture was
diluted in TSB at the ratio of 1:100 and incubated at 150 rpm and 37°C for 3 hours to obtain
bacteria in the exponential phase. Thereafter optical density (O.D.) of S. aureus culture was set
to 0.5 corresponding to 108 CFU/mL using a T70+ UV-Visible spectrometer (PG instruments).
For initiation of biofilm culture, bacteria solution was diluted to a final concentration of 10°
CFU/mL with TSB supplemented with 0.2% (v/v) glucose to support biofilm formation. 200
uL/well of prepared biofilm culture solution was pipetted into 96 well plates. Plates were
incubated in an orbital shaker at 150 rpm and 37°C for 18-20 hours to allow the formation of
mature S. aureus biofilms.

2.4. Investigation of Eradication Potential of SAAP-276 Peptide on S. aureus
Biofilm
Effect of SAAP-276 peptide on eradication of mature S. aureus biofilms was evaluated by
investigation of change in biomass and viability using safranin and resazurin assays,
respectively [8,9]. For investigations, supernatant of mature S. aureus biofilms formed in the
96 well plates was discarded to remove planktonic bacteria. Biofilms were then gently washed
with 1X sterile PBS three times for the removal of loosely attached bacteria. At the same time,
stock peptide solution (5 uM) was prepared in PBS and used for dilution into 1, 2.5, 5, and 10
ng/mL with PBS. S. aureus biofilms washed with PBS were then treated with 200 uL. of SAAP-
276 solutions and incubated for 4, 8, 24 and 48 hours. After incubation at defined time points,
the peptide solutions were discarded and treated biofilms were washed with PBS for the
elimination of loosely attached bacteria.
For evaluation of biofilm eradication, biomass quantification and biofilm viability assessment
were performed with safranin staining and resazurin assay. Safranin staining was performed by
incubating peptide-treated and washed biofilms in 0.1% (v/v) gram’s safranin solution for 30
min at room temperature. Then safranin solution was removed, and wells were washed with
PBS for removal of excess safranin dye. The biofilms were then left to dry at room temperature
followed by dissolving biomass-bound safranin with 200 pL of 30% (v/v) acetic acid.
Absorbance measurement for dissolved safranin was performed at 525 nm wavelength using
Synergy HTX multi-mode microplate reader. During experiments, untreated biofilms stained
with safranin were used as a negative control for comparison to SAAP-276 treated biofilm
groups. For resazurin assay, stock resazurin solution (200 pM) was prepared in distilled water
using resazurin sodium salt and diluted in PBS to a concentration of 20 uM. 200 pL of 20 uM
resazurin solution was then pipetted into each well containing SAAP-276 treated biofilms. After
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incubation in the dark for 2 hours, fluorescence measurement was performed at
excitation/emission wavelength of 542/570-600 nm using the BMG Labtech CLARIOstar®
plate reader. The untreated biofilms incubated in resazurin solution were used as a negative
control for comparison to SAAP-276 treated biofilm groups. Biomass and viability
quantifications were performed in triplicates for each SAAP-276 concentration and results are
expressed as mean =+ standard deviation.

3. RESULTS AND DISCUSSION

Effective treatments against bacterial infections have been threatened for a while by the
increased resistance to conventional antibiotics. Decreased therapeutic efficiency is also
deteriorated by the limited number of antibiotics against a large spectrum of pathogens.
Therefore, current research in the field tends towards developing new approaches for
antimicrobial infections. AMPs have recently gained increased attention as an alternative to
antimicrobial drugs. AMPs have been shown to induce bacterial cell killing mainly by bacterial
membrane interaction and permeabilization [10]. This mechanism of action contrasts with what
is observed in antibiotics which eventually leads to resistance. Therefore, AMPs are not
correlated with inducing bacterial resistance and become promising candidates as therapeutic
agents [6]. One promising candidate is cathelicidin LL-37 peptide secreted only by human
immune and epithelial cells of the intestine, airways, and skin. LL-37 peptide provides
protection by its inherent antimicrobial activity and by neutralization of microbial endotoxins
[11]. However, the antimicrobial activity of the LL-37 peptide is constrained by its sensitivity
to environmental conditions [7]. Besides, it gives rise to hemolysis of human red blood cells
which prevents its use in the clinic as a therapeutic agent [12]. These problems have been
overcome by the chemical synthesis of synthetic antimicrobial and anti-biofilm peptides
(SAAP) by exploiting LL-37 as the template. Among the synthesized SAAPs, the SAAP-276
peptide exhibits promising antimicrobial and anti-biofilm activity towards a broad range of
clinical S. aureus strains. Anti-biofilm activity of SAAP-276 has been investigated for
inhibition of biofilm formation as a preventive treatment to justify its use in implant coatings
[7,13]. The potential of SAAP-276 for eradication of pre-formed biofilms was not investigated
in detail in case there is a requirement to use AMPs for adjunctive therapy. This study
investigated the effect of SAAP-276 on the disintegration and killing of mature S. aureus
biofilms. SAAP-276 peptide was synthetically produced by employing the SSPS approach and
used directly in experiments without a post-modification. In the first stage, the biocompatibility
of SAAP-276 on human keratinocyte cells was investigated via Alamar blue assay to determine
the non-toxic concentration range. As demonstrated in Figure 1, the SAAP-276 peptide did not
induce any cytotoxic effect on keratinocyte cells at all incubation time points. Moreover, there
is an increment in cell viability at 48 hours in comparison to the control group. These results
suggested that the use of SAAP-276 peptide in the concentration range of 0.5-5 pg/mL is
reliable for applications where biofilm infection is in contact with the skin tissue [14,15].
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Figure 1. Cytocompatibility analysis of SAAP-276 peptide on human keratinocyte cells for 24,
48, and 72 hours by Alamar blue assay. Statistical evaluation of cytocompatibility analysis was
performed for each concentration between different time points in GraphPad prism software by
employing Two-way ANOVA followed by Tukey’s multiple comparison test with a significance
level (@) set to 0.05. ****p< 0.0001, ***p< 0.0002, **p< 0.0021, *p< 0.0332.

Biofilm eradication potential of SAAP-276 peptide was investigated in mature S. aureus
biofilms cultured in glucose supplemented media for 24 hours. Biofilms were then subjected to
SAAP-276 peptide solutions and incubated for 4, 8, 24, and 48 hours to examine concentration-
and time-dependent change in biofilm biomass and viability. Change in biomass, a sign of
biofilm disintegration, was analyzed by safranin assay. Safranin staining works by binding
negatively charged components and it is a simple yet reliable method to quantify biofilm mass
including EPS and bacteria [16]. Figure 2 demonstrates that each concentration of SAAP-276
peptide results in a significant decrease in biomass in comparison to control groups. Results
also showed that increasing the exposure time of biofilms to SAAP-276 peptides decreases
biomass. These data suggested that even lower concentrations of SAAP-276 peptide have a
high potential for biofilm-associated infection treatment if a longer but sustainable dosage of
SAAP-276 is maintained in the infection region [17,18].
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Figure 2. Biomass presence quantified with safranin staining after exposure of mature S. aureus
biofilms to different concentrations of SAAP-276 peptide. Statistical analysis of biomass
presence in comparison to the control group was performed in GraphPad Prism software by
employing Two-way ANOVA followed by Tukey’s multiple comparison test with a significance
level (a) set to 0.05. ****p< 0.0001, ***p< 0.0002, **p< 0.0021, *p< 0.0332.

The biomass decrease observed after SAAP-276 exposure was also supported by biofilm
viability assays to corroborate the utilization of SAAP-276 peptide as an anti-biofilm agent. For
viability assays, SAAP-276 treated biofilms were incubated with resazurin solution, a cell-
permeable and non-fluorescent blue dye that is reduced by metabolically active cells into a
highly fluorescent pink resorufin product [19]. Since the resazurin assay does not require any
additional washing and dissolution steps and the number of viable cells is directly proportional
to the fluorescence intensity, bacterial viability in biofilms could be analyzed with ease and
high sensitivity. Resazurin assay results show evidence of the decrease in bacterial viability
with increasing incubation time (Figure 3). In comparison to untreated control groups, each
SAAP-276 concentration at each incubation time results in a significant decrease in bacterial
cell viability. Since SAAP-276 peptide has a net charge of +11 at pH 7.0, the mechanism of
action for bacterial cell killing is most likely related to membrane disruption due to strong
interaction with the negatively charged membrane as observed in other AMPs.
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Figure 3. Biofilm cell viability results of mature S. aureus biofilms after exposure to different

concentrations of SAAP-276 peptide. Statistical analysis of cell viability in comparison to the

control group was performed in GraphPad Prism software by employing Two-way ANOVA

followed by Tukey’s multiple comparison test with a significance level (o) set to 0.05. ****p<
0.0001, ***p< 0.0002, **p< 0.0021, *p< 0.0332.

4. CONCLUSION

AMPs have recently been accepted as novel anti-infective therapeutics due to their inherent
antimicrobial activity simply by physically attacking bacterial membranes. SAAP-276 peptide,
synthesized based on the template human LL-37 peptide, has demonstrated promising results
for the eradication of mature S. aureus biofilms in our study which can be depicted as the
therapeutic potential of the AMP. The safranin staining and resazurin assay results confirm the
potential use of SAAP-276 peptide as an anti-biofilm agent in alternative treatment modalities
in contrast to conventional antibiotics. Besides, synthetic synthesis of SAAP-276 peptide could
allow chemical modifications enabling adsorption or conjugation to various biomaterials for
the development of delivery systems or wound dressings designed for infection treatment. Since
the wound area is vulnerable to biofilm infections, SAAP-276 incorporated biomaterials could
provide anti-biofilm activity without inducing any cytotoxic effect on skin cells due to its
efficiency even at lower concentrations. However, more research is needed to elucidate the
mechanism of the anti-biofilm action of SAAP-276 peptide and to develop different dosage
forms with SAAP-276 preserving its bioactivity.
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OZET

Mimariden agir sanayiye ii¢ boyutlu yazicilarin kullanimi gelisen iiretim teknolojileri ile giin
gectikge artmaktadir. Uretime farkli bir bakis agis1 getiren ii¢ boyutlu yazicilar 6zellikle
geleneksel yontemlerle iiretilemeyecek karmasik geometriye sahip tasarimlarin iiretilmesine
olanak saglar. Bu calismada, yiizey alani birbirine yakin yapilar edecek sekilde daire, kare,
altigen ve eskenar dortgen seklinde bosluklara sahip numuneler tasarlanmis ve bu numuneler
tic boyutlu yazici ile tiretilmistir. Boylece tasarimda yapilan iyilestirmeler sayesinde malzeme
israfi da 6nlenmis olmaktadir. Numuneler, {i¢ boyutlu iiretimde en ¢ok kullanilan yontem olan
birlestirmeli yigma modeli ile ABS (Akrilonitril Butadiyen Stiren), PLA (Polilaktik Asit) ve
PETG (Polietilen Tereftalat Glikolle Degismis) malzemeleri kullanilarak yiizde yiiz doluluk
oraninda iiretilmistir. Bu ¢alismada, sekil ve malzeme etkilerinin karsilastirilmast amaciyla
ASTM D790 standardina uygun olarak ii¢ nokta egme testleri yapilarak deneysel ¢aligmalar
yapilmustir.

Anahtar Kelimeler : Birlestirmeli Yigma Modeli, ABS, PLA, PETG.

THREE-POINT BENDING TEST OF SAMPLES WITH DIFFERENT GEOMETRY
AND MATERIAL PRODUCED FROM THREE-DIMENSIONAL PRINTER

ABSTRACT

The use of three-dimensional printers from architecture to heavy industry has increased day by
day with the developing production technologies. Three-dimensional printers, which bring a
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different perspective to production allow the production of parts with complex shapes that
cannot be produced by the conventional methods. In this study, specimens with circular, square,
hexagonal and rhombic shaped spaces were designed to form structures with close surface
areas, and these specimens were produced by a three-dimensional printer. Thus, thanks to the
improvements made in the design, material waste is prevented. The designs were produced with
the fused deposition modeling (FDM) method, which is the most widely used method in three-
dimensional production, using PLA (Polylactic Acid), ABS (Acrylonitrile Butadiene Styrene)
and PETG (Polyethylene terephthalate glycol-modified) materials at 100% fill rate. In this
study, experimental studies were carried out by performing three-point bending tests in
accordance according to ASTM D790 standard in order to compare shape and material effects.
Keywords: Fused Deposition Modeling, ABS, PLA, PETG.

1. GIRIS

Mevcut iiretim tekniklerine alternatif olarak 1984 yilinda, Chuck Hull tarafindan icat edilen ilk
lic boyutlu yazict makinesinde Stereolitografi (SLA) sistemleri vardir (Horvath, 2014).
Stereolitografik teknik, oda sicakliginda sivi halde bulunan regine tabakasinin belirli
kistmlarmin bir lazer 1511 vasitastyla katilastirilmasi prensibine dayanmaktadir (Ozsoy ve ark.,
2017). Miirekkep piiskiirtmenin icat edilmesinden sonraki yillarda, bu teknoloji malzeme
baskisina doniigsmiistiir (Tarang ve dig., 2015). Birlestirmeli yigma modeli (FDM) 1989'da Scott
Crump tarafindan gelistirilen ekstriizyon tabanli bir teknolojidir (Kai ve ark., 1997). FDM,
polimeri bir sicak tutkal tabancasi gibi eriten, 1sitilmis bir nozuldan filamentlerin itilerek tist
iiste yi1gilmasi ile birlestirildigi bir yontemdir. ABS ve PLA filamentleri bu teknikte en ¢ok
kullanilan malzemeler arasindadir. Literatiirde cogunlukla ii¢ boyutlu yazicilarla iiretilen
yapilarin baski doluluk oranlari ve malzeme tiiri farkliliklarinin mekanik 6zelliklerine
etkilerinin arastirildig1 gézlemlenmistir (Abeykoon ve ark., 2020 - Harshitha ve ark., 2019).
Rebenaque ve dig., UNE-EN ISO 178 (2011) standardina gore farkli doluluk oranlar1 ve farkli
geometrilerde numuneler iiretmis ve doluluk oraninin malzeme 6zelliklerine etkisini
gostermislerdir (2019). Kolodziej ve ark. ise farkli doldurma hizlarinda ve farkli geometrilerde
numuneler iiretmis ve doluluk oraninin malzeme 6zellikleri tizerindeki etkisini incelemislerdir
(2018).

ABS P340 polimeri i¢in farkli yonlerde ii¢ boyutlu yazici ile iiretimlerini yapan Hernandez ve
ark. (2016) basilan numunelerin malzeme 6zelliklerini belirlemislerdir. Petek, kiibik, iskelet
ve kafes olmak tlizere dort farkli geometriyi goz onlinde bulundurarak sandvi¢ panellerin {i¢
nokta egme testi ve sonlu elemanlar analizi ile geometri etkisinin egilme mukavemeti
tizerindeki etkilerini Ercan ve ark. 2018 yilinda arastirmiglardir.

Bu ¢alismada, bes farkli topolojiye sahip li¢ boyutlu yazici ile iiretilmis iic nokta egme
numunelerinin yapisal davraniglari deneysel olarak incelenmistir. Malzemelerin mekanik
davranis tizerindeki etkisini incelemek i¢in, li¢ nokta egme numuneleri ABS, PLA ve PETG
seklinde ii¢ farkli malzeme kullanilmistir. Her numunenin ii¢ nokta egme deneyleri yapilarak
elde edilen kuvvet- yer degistirme grafiklerinden farkli malzemelerin tasarim tizerindeki etkisi
incelenmistir. Maksimum kuvvet ve maksimum yer degistirme degerleri her bir tasarim ve
malzeme i¢in ayr1 ayri1 degerlendirilmistir.
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2. MALZEME VE YONTEM

Ucg boyutlu yazicilarla iiretimi yapilabilen cesitli malzemeler, giiniimiizde birgok sektorde
fonksiyonel tasarmmlar ve {iretim parametreleri gelistirilerek kullanilmaktadir. Uretim
parametreleri ve tasarimin geometrik yapist mekanik performans iizerinde énemli bir etkiye
sahiptir. Malzeme doluluk orani, belirlenen {liretim dolgu deseni, yap1 yonii, katman kalinlig1 ve
detayli tiretim hiz1 ayarlar1 gibi {iretim parametreleri degistirilerek malzemenin mekanik
ozelliklerinde iyilestirmeler yapilabilir. Uretim parametrelerinin yani sira tasarim geometrisinin
de mekanik performans lizerinde olduk¢a dnemli etkiye sahip olmasi bu ¢calismanin temellerini
olusturmustur.

Bu caligmada {i¢ nokta egme testi i¢cin ABS (Akrilonitril Butadiyen Stiren), PLA (Polilaktik
Asit) ve PETG (Polietilen Tereftalat Glikol-Modifiye) malzemeleri kullanilarak ASTM D790’a
gore, bes farkli geometride deney numuneleri tasarlanmistir. Tasarimlar SolidWorks™
bilgisayar destekli tasarim programi kullanilarak olusturulmustur. Gorsel 1° de gosterildigi gibi

gri, mavi ve turuncu renklerde iiretilen deney numunelerinin her birinin genel boyutlar
12.7x3.2x125 mm® diir.
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Gorsel 1. Test Numuneleri

Geometrik yapilar olusturulurken yiizey alanlarinin birbirine yakin olarak belirlenmesi 6nemli
tasarim Olciitiidiir. Tasarimdaki kirislere daire, kare, altigen ve eskenar dortgen seklinde delikler
eklenmis ve bu kirisler ii¢ boyutlu yazici ile iiretilmistir. Numuneler sirasiyla N1, N2, N3, N4
ve N5 olarak adlandirilmig ve Gorsel 2’de bes farkli geometrik yapi gosterilmistir. Bu
geometrik yapilar olusturulurken tasarim farkhiliklarinin {ic nokta egme testi lizerindeki
etkilerinin incelenmesi hedeflenmistir. Tasarlanan geometriler birlestirmeli yigma modeli
(FDM) iiretim teknolojisine sahip yazicilar ile iiretilmistir.
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Gorsel 2. Deney Numuneleri Geometrik Yapilari ve Adlandirilmalar

Bes farkli geometrik yapi, Gorsel 3’deki ii¢ boyutlu yazici iiretim siirecinde gosterildigi gibi,
tiretim yap1 yonleri ayni olacak sekilde 1sitici tablaya yerlestirilmis ve ayni anda tiretilmistir.
Bu sayede iiretim siirecinden kaynakli sonuclarin mekanik performansta ayni etkiyi gdstermesi

istenmistir.

Gorsel 1. U¢ boyutlu yazic1 iiretim siireci

Deneysel sonuglar1 hassas bir sekilde karsilastirilabilmek i¢in tiim numuneler ayn1 doluluk
oraninda tUretilmistir. Tasarimsal olarak belirlenen dolgu desenleri i¢in doluluk oran1 100%
olarak segilmistir. Uretim parametreleri ayrintili olarak Cizelge 1°de verilmistir.

Cizelge 1. Uretim Parametreleri

ABS PLA PETG
Filament rengi Gri Mavi Turuncu
Filament ¢ap1 1.75 mm 1.75 mm 1.75 mm
Nozul Cap1 0.4 mm 0.4 mm 0.4 mm
Katman kalinlig1 0.2 mm 0.2 mm 0.2 mm
Dolgu orani (%) 100 100 100
Dolgu deseni Dogrusal Dogrusal Dogrusal

Bu calismada ii¢ malzeme c¢esitli ve bes farkli geometrik yapinin her biri i¢in, ii¢ 6zdes numune
iiretilmistir. U¢ nokta egme deneyleri 1 mm/dak hizla Shimadzu AG-X test cihazinda
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gerceklestirilmistir. Test cihazinda Gorsel 4’de gosterildigi gibi destek araligi 50 mm olarak
ayarlanmigtir ve Gorsel 5°de gosterildigi gibi test cihazina yerlestirilerek testler yapilmistir.

50 mm m

PR >
Gorsel 2. Deney Numunesinin Sematik Yerlesimi

Gorsel 3. U¢ Boyutlu Bask ile Uretilen Numunelerin Shimadzu AG-X Test Cihazindaki
Yerlesimi

3. SONUCLAR VE DEGERLENDIRME

Bu boliimde, li¢ boyutlu yazici ile iiretilen numunelerin ii¢ nokta egme testi sonuglar
sunulmaktadir. Ug nokta egme deney numuneleri, kesit ve malzeme etkilerini her tasarim igin
dogru bir sekilde karsilagtirabilmek i¢in, aym bdlgeye kuvvet uygulanacak sekilde
hazirlanmistir. Gorsel 6, bes farkli topoloji ve ti¢ farkli malzeme ile iiretilen numuneler i¢in, ii¢
nokta egme deney sonuglarina gore kuvvet - yer degistirme egrilerini gostermektedir. Her
tasarim igin iretilen birbirine 6zdes li¢ numunenin, deney sonuglarinin ortalama degerleri
belirlenerek grafikler olusturulmustur. Deneylerden elde edilen veriler, topolojinin kuvvet-yer
degistirme egrileri lizerinde 6nemli bir etkiye sahip oldugunu gostermektedir.

BOOK OF FULL TEXT ISBN: 978-625-7341-88-2 www.egekongresi.org Page | 42




AEGEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

INTE,

E E“%
-t
ndﬂ‘*

Gorsel 6. ABS, PLA ve PETG Malzemeleri I¢cin Kuvvet - Yer Degistirme Grafikleri

Malzeme etkisini degerlendirmek amaciyla ¢izilen kuvvet - yer degistirme grafikleri Gorsel
7°de verilmistir. Bu grafiklerinden de goriildiigli gibi malzemelerin tasarim tizerindeki etkisi
karsilastirildigi zaman, PLA malzemesinin maksimum kuvvet degerleri ABS ve PETG

malzemesinden oldukga yiiksek degerlerde oldugu gozlemlenmistir.
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Gorsel 7. Kuvvet-Yer Degistirme Grafiklerinin Tasarim Etkisi Uzerine Karsilastirilmas:

Bu sonuglar 1s18inda ABS, PLA ve PETG malzemelerinin kullanim alanlar1 géz Oniinde
bulundurularak farkli sektorler igin alternatif tasarim ve malzeme segilmesi miimkiindiir. ABS,
PLA ve PETG malzemeleri farkli sektorlerde kullanilirken istenilen dayanim ve gerinim
degerlerine gore farkli tasarim kriterleri belirlenebilmektedir. Deneylerden elde edilen veriler
ile tasarimda yapilan kiiclik degisikliklerin, malzemelerin birbirine alternatif olusturmasina

olanak tanidig1 degerlendirilmistir.
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Maksimum kuvvet (N) Maksimum yer degistirme (mm)

N1
i
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Gorsel 8. Maksimum Kuvvet - Maksimum Yer Degistirme Grafiklerinin Sekil ve Malzeme
Etkisi Uzerine Karsilastiriimasi

ABS, PLA ve PETG malzemelerinden iiretilen bes farkli tasarimin maksimum kuvvet ve yer
degistirme deney sonuglar1 Gorsel 8 ve 9°da gosterilmistir. Her bir sekildeki maksimum kuvvet
degerleri incelendiginde PLA malzemesinin diger malzemelere goére daha fazla kuvvet
degerlerine ulastig1 gdzlenmistir. Maksimum kuvvet bilgileri karsilastirildiginda ABS ve PETG
malzemesinin her tasarim i¢in birbirine ¢ok yakin kuvvet degerlerine ulastigi gézlenmistir.
Maksimum yer degistirme degerlerinde ise PLA ve ABS malzemeleri “N4” tasarimi haricinde
birbirine ¢ok yakin degerlerde oldugu degerlendirilmistir. PLA malzemesi ile iiretilmis “N1”
tasarimi biitlin numuneler karsilastirildiginda en yiiksek kuvvet degerine ulasabilse de
maksimum yer degistirme bilgileri degerlendirildiginde birbirine yakin davranig gosterdigi
gbzlemlenmistir.

Maksimum kuvvet (M) Maksimum yer degistirme (mm)

&l R
.{ I I
W] N N3 L2} L L Pl N3 Ma e}

Gorsel 9. Numune Geometrisi ve Malzemesinin Maksimum Kuvvet - Maksimum Yer Degistirme
Uzerine Etkisi

Deney sonuglarindan PLA malzemesinden iiretilen N1 numunesine iliskin maksimum kuvvet
degeri 164.16 N olarak belirlenmistir. En biiyiik temas kuvveti degeri PLA malzemesinden
tiretilen N1 numunesine ait iken, ayn1t numune tipi i¢in ABS malzemesinde 74.35 N ve PETG
malzemesinde ise 84.94 N degerlerine ulasilabilmistir. ABS malzemesinden {iretilen numuneler
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icin maksimum temas kuvveti agisindan geometrinin etkisi arastirildiginda, bastaki en biiyiik
temas kuvveti olacak sekilde siralama N1, N4, N2, N5, N3 olarak belirlenmistir. Bu siralama
PLA ve PETG malzemeleri i¢in sirastyla N1, N2, N3, N5, N4 ve N1, N2, N3, N4, N5 seklinde
gbzlemlenmistir.

ABS ve PETG malzemelerinden iretilen N2, N3, N4 ve N5 numuneleri makroskobik
incelemelerde birbirine yakin davranislar gosterseler de, maksimum kuvvet degerleri dikkate
alindiginda PETG malzemesinde iiretilen N2 9%6.26 oraninda ve N3 ise %7.2 oraninda daha
bliyiik maksimum kuvvet degerlerine ulagsmistir. PETG malzemesinden tiretilen numunelerden
N4 haricinde maksimum kuvvet degerlerinin, ABS malzemesinden iiretilenlere kiyasla daha
yuksek degerlere ulastigr gézlemlenmistir. N4 numune tipi i¢in ABS malzemesi PETG
malzemesine gore %7.77 oraninda daha biiyiik degerlere ulagmstir.

Maksimum yer degistirme degerleri dikkate alindiginda ise N1 her malzeme i¢in en yiiksek
degerlere ulasmistir ve ABS, PLA ve PETG malzemelerinin sirasiyla en biiyiik yer degistirme
degerleri 6.875 mm, 7.257 mm ve 7.308 mm olarak gozlenmistir. ABS malzemesinin geometri
tizerindeki etkisi maksimum yer degistirme degerleri agisindan degerlendirildiginde numuneler
su sekilde siralanabilir: N1, N5, N2, N3, N4. Bu siralamanin PLA ve PETG malzemeleri i¢in
sirastyla N1, N5, N2, N3, N4 ve N1, N3, N5, N4, N2 seklinde oldugu gézlemlenmistir.

4. GENEL DEGERLENDIRME VE SONUCLAR

Bu c¢alismada PLA, ABS ve PETG gibi ii¢ farkli baski malzemesi kullanilarak bes farkli
topolojiye sahip numunelerin mekanik 6zellikleri ii¢ nokta egme deneyleri ile incelenmistir.
Tiim numunelerin tasiyabilecegi maksimum yiik ve buna karsilik gelen yer degistirme degerleri
deneysel olarak belirlenmistir. Deneylerden elde edilen sonuglar, en yiiksek kuvvet degerini
destekleyebilen numunenin PLA malzemeden iiretilen oldugunu gostermistir. Kuvvet-yer
degistirme grafikleri incelendiginde ABS ve PETG malzemesinden tretilen numunelerin
birbirine yakin davranis gosterdigi gdzlemlenirken, sadece N5 numunesi i¢in {i¢ malzeme i¢in
maksimum yer degistirme degerlerinde ayni degere yaklagsmislardir. PLA malzemesi
maksimum kuvvet degerlerine gore karsilastirildiginda daha yiiksek degerlere ulastigi
gozlemlenirken N1 numunesinin biitiin malzemeler arasinda en yiiksek degerlerde oldugu
gorlilmiistiir. PLA malzemesi ile fretilen numuneler, daha yiiksek yilik degerlerine
dayanabilmesine ragmen, maksimum yer degistirme degerleri dikkate alindiginda daha gevrek
davranis sergiledigi gézlenmistir.

Sonuglar, ABS, PLA ve PETG malzemelerinin kullanim alanlar1 g6z 6niine alindiginda, farkl
sektdrler icin alternatif tasarim ve malzeme se¢imi igin bir referans saglayabilir. Ornegin:
maksimum yer degistirmenin 6ncelikli oldugu tasarim kriterlerinde N5 tasarim1 ABS, PLA ve
PETG malzemeleri birbirlerine alternatif olarak tercih edilebilir ya da belirli tolerans
araliklarinda ise farkli sekiller birbirine alternatif olarak degerlendirile bilinir.

BOOK OF FULL TEXT ISBN: 978-625-7341-88-2 www.egekongresi.org Page | 46



AEGEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

KAYNAKCA

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

Abeykoon, C., Sri-Amphorn, P., & Fernando, A. Optimization of fused deposition
modeling parameters for improved PLA and ABS 3D printed structures, International
Journal of Lightweight Materials and Manufacture, 3(3), pp. 284-297, 2020.

Ercan, N., Kanber, B., Yunus, D. E., Eklemeli Uretilmis Farkli Hiicresel Yapili Sandvi¢
Panellerin Sonlu Elemanlar Yéntemiyle Egilme Davranisimn Incelenmesi, 2nd
International Symposium on Innovative Approaches in Scientific Studies, 11 (3), pp.
232-235, 2018.

Harshitha, V., Rao, S. S., Design and analysis of SO standard bolt and nut in FDM 3D
printer using PLA and ABS materials”, Materials Today: Proceedings, 19, pp. 583-588,
20109.

Hernandez, R., Slaughter, D., Whaley, D., Tate, J., & Asiabanpour, B., Analyzing the
Tensile, Compressive, And Flexural Properties of 3D Printed ABS P430 Plastic Based
on Printing Orientation using Fused Deposition Modeling, In 27th Annual International
Solid Freeform Fabrication Symposium, Austin, TX, pp. 939-950, 2016,.

Horvath, J., A Brief History of 3D Printing. In Mastering 3D Printing, A Press,
Berkeley, CA, pp. 3-10, 2014.

Kai, C. C., & Fai, L. K., Historical Development, Rapid Prototyping, John Wiley &
Sons (Asia) Pte Ltd; Pap/Cdr, Nanyang Technological University, pp. 1-15, 1997.

Kotodziej, A., Zur, P., & Borek, W., Influence of 3D-printing parameters on mechanical
properties of PLA defined in the static bending test, European Journal of Engineering
Science and Technology, 2(1), pp. 65-70.

Ozsoy, K., Duman, B., Eklemeli Imalat (3 Boyutlu Baski) Teknolojilerinin Egitimde
Kullamlabilirligi, International Journal of 3D Printing Technologies and Digital
Industry, 1(1), pp. 36-48, 2017.

Rebenaque, A. G., Gonzalez-Requena, I., Study Of Bending Test Of Specimens Obtained
Through FDM Processes Of Additive Manufacturing, Procedia Manufacturing, 41, pp.
859-866, 20109.

Tarang,Y.E., 3D Printing Additive Manufacturing, International Education and
Research Journal, 1(4), pp. 21-23, 2015.

BOOK OF FULL TEXT ISBN: 978-625-7341-88-2 www.egekongresi.org Page | 47



AEGEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

SENTETIK BiYOLOJIi VE BiYOSENSORLER

M.Sc.Bio. YASEMIN OYACI, Prof. Dr. Sacide Pehlivan?, Prof. Dr. MUHAMMET
BEKTAS?

Yistanbul Universitesi, Istanbul T1p Fakiiltesi, Tibbi Biyoloji AD.
- ORCID ID: 0000-0002-1338-0087
2 Istanbul Universitesi, Istanbul T1p Fakiiltesi, T1ibbi Biyoloji AD.
- ORCID ID: 0000-0003-1272-5845
3 Istanbul Universitesi, Istanbul T1p Fakiiltesi, Biyofizik AD.
— ORCID ID: 0000-0002-4438-1664
OZET

Sentetik biyoloji, organizmalar1 yeni yeteneklere sahip olacak sekilde tasarlayarak cihazlar ve
sistemler yaratmay1 amaglayan c¢ok disiplinli bir arastirma alanidir. Sentetik biyolojide, tipik
olarak uzun DNA dizileri bir araya getirilir ve bir organizmanin genomuna yerlestirilir. Sentetik
biyolojinin hedefleri arasinda yeni biyolojik sistemler olusturmak i¢in kullanilabilen ve hizl
bir sekilde sentezlenen standartlagtirllmis genomik pargalarinin  tanimlanmasi ve
kataloglanmasi, mevcut biyolojik parcalarin yeniden tasarlanmasi ve yeni stiregler i¢cin dogal
protein fonksiyonlarinin genisletilmesi, dogal iirlinlerin karmasik ¢ok asamali iiretimini
gerceklestirmek i¢in mikroplarin dizayni gibi mekanizmalar yer almaktadir. Biyosensor terimi
ise ¢ok cesitli cihazlar1 kapsamaktadir. Ancak tiim biyosensorlerin ortak 6zelligi biyolojik bir
bilesenin belirli bir hedef analitin oldukga spesifik olarak taninmasini saglamasidir. Bu taninma
mekanizmasinda, kolayca saptanabilir, dl¢iilebilir bir yanit verecek sekilde, tercihen sonucun
bir elektrik sinyaline doniistiiriilebilmesi ile sinyal isleme ve veri depolama i¢in elektronik bir
cihaza aktarilmasi saglanir. Bircok biyosensordeki biyolojik bilesen, ya kan glukozunun
izlenmesi i¢in kullanilan biyosensorlerde oldugu gibi bir enzim ya da ¢cogu optik biyosensdrde
oldugu gibi bir antikordur. Biyoreportor olarak adlandirilan baska bir biyosensor sinifi da
bilesen olarak canli hiicreleri kullanir. Bu hiicreler, spesifik bir reseptor araciligiyla hedefi
saptar ve bir raportdr genin uyarilmasiyla saptanabilir bir yanit {iretir. Biyosensorler, zorlu
ve/veya algilanmasi pahali olan ilgili sinyalleri kolayca algilanabilir c¢iktilara
dontistiirebildikleri i¢in ¢evresel sinyalleri algilamak ve 6l¢mek icin geleneksel analitik araclara
bir alternatiftir.  Gelistirilen biyosensorlerle atik sulardaki SARS-CoV-2 RNA

konsantrasyonlar1 da Slgiilebilmektedir. Bu derlemede yeni bir alan olan sentetik biyoloji ve
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sentetik biyoloji teknikleri kullanilarak tasarlanan biyosensorler hakkinda bilgilendirme

yapilmasina ¢alisilmistir.

Anahtar Kelimeler: Sentetik Biyoloji, Biyosensor, Biyoreportor

ABSTRACT

Synthetic biology is a multidisciplinary field of research that aims to create devices and systems
by designing organisms to have new capabilities. In synthetic biology, typically long DNA
sequences are put together and inserted into an organism's genome. The goals of synthetic
biology include mechanisms such as the identification and cataloging of rapidly synthesized
standardized genomic parts that can be used to create new biological systems, redesign of
existing biological parts and extension of natural protein functions for new processes, and the
design of microbes to realize the complex multistage production of natural products. The term
biosensor covers a wide variety of devices. However, the common feature of all biosensors is
that a biological component provides a highly specific recognition of a particular target analyte.
In this recognition mechanism, it is ensured that the result is preferably converted into an
electrical signal and transmitted to an electronic device for signal processing and data storage,
giving an easily detectable, measurable response. The biological component in many biosensors
is either an enzyme, as in biosensors used for blood glucose monitoring, or an antibody, as in
most optical biosensors. Another class of biosensors, called bioreporters, also uses living cells
as components. These cells detect the target via a specific receptor and produce a detectable
response by stimulation of a reporter gene. Biosensors are an alternative to traditional analytical
tools for sensing and measuring environmental signals, as they can convert relevant signals that
are difficult and/or expensive to detect into easily detectable outputs. SARS-CoV-2 RNA
concentrations in wastewater can also be measured with the developed biosensors. In this
review, it has been tried to provide information about synthetic biology and biosensors designed

using synthetic biology techniques.
Keywords: Synthetic Biology, Biosensor, Bioreporter

1. GIRIS
1.1. SENTETIK BiYOLOJi
Sentetik biyoloji, yagsamin kdkenleri i¢in kimya ve fizigin temel ilkelerinden agiklamalar arayan

bir biyofizik disiplini olarak kurulmustur. Modern sentetik biyoloji, yeni organizmalar
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tasarlamanin yani sira temel biyolojik mekanizmalar1 daha iyi anlamak i¢in bir miithendislik
disiplini olarak yeniden kesfedildi. Bununla birlikte, basar1 hala biiyiik dl¢lide laboratuvarla
smirhidir ve sentetik biyolojinin doniistiiriicli uygulamalar1 hala emekleme asamasindadir.
Sentetik biyolojinin felsefi ve deneysel temelleri ilk olarak 1911 yilinda Fransiz biyofizike¢i
Stephane Leduc tarafindan atilmistir (1). Leduc, yasami siradan, fiziksel fenomenlerden higbir
siirin ayirmadigini agik¢a savunmustur ve bu nokta, biiyliyen kimyasal bahgeler, canli
sistemlere carpici ve belki de tesadiifi olmayan bir benzerlik sergileyen inorganik kristaller
tarafindan 6rneklendirildi. Sonraki yiizyil boyunca, bir¢ok biyofizik¢i, genetik kodun kesfine
ve molekiiler biyolojinin merkezi dogmasinin kurulmasina katkida bulundu. Rekombinant
DNA teknolojisinin icadi, genetik¢i Waclav Szybalski'nin 1970'lerde baslayan yeni bir sentetik
biyoloji ¢aginin habercisi olmasini sagladi. Gliniimiizde, kismen uygun maliyetli DNA sentezi,
montaji ve dizileme tarafindan yonlendirilen ¢agdas sentetik biyoloji, standardizasyon,
modiilerlik, dijital mantik ve matematiksel olarak tahmin edilebilir davranis gibi ilkeleri
vurgulayarak, biyofiziksel bir disiplinden ziyade biiyiik 6l¢iide bir miihendislik disiplini olarak

yeniden tanimlanmistir (2-5).
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Gorsel 1: Sentetik biyolojinin tasarla-yap-testet-ogren dongiisiinii hizlandiran yeni teknolojiler ve

calisma yollar1 (6).

Sentetik biyoloji ara¢ takimi, ¢esitli programlanabilir DNA, RNA ve protein diizenleyici
elemanlar igerir (7-9). Bu biyokimyasal elementlerin ¢ogu dogal biyolojik elementlerden
tiiretilmistir ancak bazilar1 tamamen sentetiktir. Su anda sentetik biyoloji, hiicresiz, bakteriyel,

memeli ve ¢ok hiicreli sistemleri kapsar, ancak prensipte ekolojik sistemler de dahil olmak
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tizere herhangi bir Olgekte canli sistemlere uygulanabilir (10-13). Sentetik biyoloji,
mihendislik, matematik, fizik, kimya ve biyoloji ilkelerini birlestiren gelismekte olan bir
alandir (14). Disiplinler aras1 6zelliginden dolay1 sentetik biyoloji, ¢esitli alanlarda gesitli
uygulamalarla kullanilmaktadir. Uygulamalardan bazilari, probiyotikler, gen tedavisi ve asi
tiretimi i¢in sentetik mikroplarin kullanimini igerir (15-17). Heyecan verici uygulamalar
arasinda endiistriyel atiklarin biyolojik olarak iyilestirilmesi, gelecekteki uzay gorevlerinde
stirdiiriilebilir bir gida kaynagi saglanmasi veya mekanik gelisim teorilerini incelemek i¢in

model sistemler olusturulmasi yer aliyor.

1.1.1. Sentetik Biyolojinin Tip Alanindaki Uygulamalar:
Tip alaninda sentetik biyolojinin uygulandigi faj bazli tedavi, CAR T-hiicre tedavisi ve
CRISPR/Cas9 tedavileri gibi gesitli teropatik secenekler bulunmaktadir (18).

Faj bazh tedavi: Bakteriyofaj veya viral faj tedavisi, patojenik bakteriyel enfeksiyonlari tedavi
etmek i¢in kullanilan tedavidir. Antibiyotiklerin aksine, fajlar, birlikte evrim olarak bilinen bir
stire¢c olan faja direngli bakterilere karst uyum saglayan antagonistik bir kol mekanizmasi

araciligiyla bakterileri hedef almak ve tiiketmek icin laboratuvarda 6zel olarak tasarlanmistir

(19).

CAR T-hiicre tedavisi: Kimerik antijen reseptorii T-hiicresi tedavisi, kanserli hiicrelerin bir
proteinine baglanan spesifik bir reseptorii kodlayan bir geni ifade etmek i¢in hastanin bagisiklik
T hiicrelerinin genetik miihendisligini igerir. insan viicudunda T hiicreleri normalde viriisleri
ve diger patojenleri tespit edip yok ederek islev goriir (20). Benzer sekilde, CAR T-hiicresi
tedavisi, otolog immiin T hiicrelerinin genetik miithendisligi nedeniyle tiimdr hiicrelerini segici

olarak hedefleyerek islev gortir (21).

CRISPR/Cas9 tedavisi: CRISPR, diizenli aralikli kisa palindromik tekrar kiimelerinin
kisaltmasidir ve CRISPR ile iliskili protein 9, genomda belirli bir yerde DNA ipliklerinde bir
degisime/mutasyona izin veren iki anahtar molekiilii kodlar. DNA bazlar eklenebilir veya
cikarilabilir (22). CRISPR/Cas9 sistemi, protein ekleri yoluyla gen ekspresyonunu modiile
etmek i¢in DNA veya RNAnin iki dizisini kesin bir konumda baz diizenleme yetenegine sahip
bir ¢ift "molekiiler makas" olarak iglev goriir (23). Arastirmalar halen devam etse de, hastalarda
CRISPR bazhi terapétiklerin uygulama yontemlerini ve etkinligini anlamak i¢in CRISPR

yontemlerinin uygulamalar1 su anda klinik ¢aligsmalarda aragtirilmaktadir.
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1.1.2. Sentetik Biyolojinin Tarim Alanindaki Uygulamalari

Tarim sektdriiniin 21. yiizyilda kars1 karsiya oldugu en biiylik sorun, hizli niifus artigi nedeniyle
stirdiiriilemeyen ve nihayetinde kiiresel toplumu olumsuz etkileyen ihtiyactir. Sentetik biyoloji
alanindaki son gelismeler, 6zellikle CRISPR/Cas9 gibi genom tasarimindaki yeni teknikler,
mikrobiyal metabolizmayi tasarlamak i¢in firsatlar barindirmaktadir; yeni anti-mikrobiyaller ve
daha yakin zamanda Yeast 2.0 projesi, tarim sektoriinde kisa ve uzun vadeli doniistiiriicii
degisiklikler saglamak i¢in 6nemli bir potansiyele sahiptir (24). Sentetik biyoloji ayn1 zamanda
dogal kaynaklarimizin korunmasina, gida kalitesinin iyilestirilmesine ve su anda tiikettigimiz

bazi gidalarla iligkili hipoalerjenlerin ortadan kaldirilmasina da yardimcei olabilir.

Yapay Fotosentez: Bu siireg, klorofile ihtiya¢ duymadan sivi yakit olusturmak i¢in su
molekiillerini ve karbondioksiti yeniden diizenleyerek dogal enerjiyi doniistiirmenin dogal
stirecini taklit eder. Bitkilerin DNA rekombinasyon tekniklerini kullanarak yapay bitkilerin
tasarimini ve mithendisligini saglar. Temiz, kendi kendini idame ettiren yenilenebilir enerji
kaynagi {iretiminde ve ulagim uygulamalarinda degerlendirilmektedir. Sera gazlarinin

atmosfere salinimini azaltmay1 amaglamaktadir (25).

Tasarlanmis Bakteriler ve Hiicresel Tarim: Tasarlanmis bakteriler, hastalik etkenlerine
direncli toprak kirleticilerin veya patojenlerin tespiti i¢in biyosensor gorevi gortir. Tasarlanmig
bakteri kullaniminin klasik bir ticari 6rnegi, islenmis mikroplar kullanilarak ticari 6lgeklerde

tiretilen, bitkilerden elde edilen tatlandiricilarin/seker ikamelerinin tretimidir.

CRISPR/Cas9: Bu teknolojiyle bitkilerde, mikroplarda ve alglerde genom diizenlemeleri
gerceklestirilir. CRISPR teknolojisi, fistiktaki alerjik reaksiyonlardan sorumlu genlerin

silinmesi ve bu genlerin devre dis1 birakilmasi konusunda simdiden umut vaat etmektedir.

Mayalar: Metabolik miihendislik ve ayrica tibbi ve gida tiriinlerinin tiretimi i¢in klasik bir
platform saglar. Klasik bir 6rnek olarak, tasarlanmis maya yolaklarindan kannabinoidlerin

biyosentezidir (26).

1.1.3. Minimal Biyoloji ve Biyonanobilim Alamindaki Sentetik Biyoloji Uygulamalari

Sentetik biyoloji, biyoteknoloji, nanoteknoloji ve sistem biyolojisi uygulamalari igin bir
etkinlestirici olarak hareket ederek diger bircok alana uygulanmistir. Diger uygulamalar i¢in
sentetik biyoloji Orneklerinden bazilari, minimal biyoloji, biyonanobilim, yeni arastirma
teknolojileri ve yeni biyolojik uygulamalari igerir (27-29). Bu uygulamalar i¢in bazi konseptler

asagida bildirilmistir.
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Minimal Genom: Hiicresel aktivite i¢in yalnizca gerekli genlerle ¢iplak minimal genom

tiretimi (30).

LUCA (Son universal ortak ata): Bakterilerin, arkelerin vb. varligindan 6nce var olan canli

sistemler (31).

Kasa Hiicreler (Chassis Cell): Laboratuvar veya endiistri 6l¢egindeki uygulamalar i¢in

kullanilan yiiksek performansli hiicreler (32).

Yapay/yar1 yapay hiicreler: Minimal hiicreleri fonksiyonel temel biyolojik materyallerle

kapsiilleyen lipozomlar veya lipit vezikiiller (33).

Minimal hiicre modelleri (protohiicreler, in silico minimal hiicreler): Yiiksek performanslh
islevsel yeteneklere sahip minimal bir hiicre i¢in gerekli olan olasi potansiyel yapilara sahip

hesaplamali hiicre modeli (34).

1.2.  BIiYOSENSORLER

Biyosensor, reaksiyondaki bir analitin konsantrasyonuyla orantili sinyaller iireterek biyolojik
veya kimyasal reaksiyonlar1 6l¢en bir cihazdir. Biyosensorler, viicut sivilarinda (kan, idrar,
tikiirik, ter) hastalik izleme, ila¢ kesfi ve kirleticilerin, hastalifa neden olan
mikroorganizmalarin ve hastaligin gostergesi olan belirteclerin tespiti gibi uygulamalarda
kullanilmaktadir. Biyosensorler gilinlimiizde biyomedikal teshiste ve tedavi ve hastalik
ilerlemesinin izleNmesi, ¢evresel izleme, gida kontroli, ilag kesfi, adli tip ve biyomedikal
arastirma gibi cok cesitli diger alanlarda mevcuttur. Biyosensorlerin gelistirilmesi i¢in ¢ok
cesitli teknikler kullanilabilir. Yiiksek afiniteli biyomolekiillerle baglanmalari, bir dizi analitin
hassas ve segici olarak saptanmasina izin verir. Biyosensorlerin tarihi, M. Cremer'in bir stvidaki
asit konsantrasyonunun, sivinin bir cam zarin karsi taraflarinda bulunan kisimlar1 arasinda
ortaya cikan elektrik potansiyeli ile orantili oldugunu gosterdigi 1906 yilina kadar uzanir (35).
pH kavrami Seren Peder Lauritz Serensen tarafindan 1909 yilinda tanitilmis ancak pH 6l¢limii
i¢in ilk elektrot kullanimi1 W.S. Hughes tarafindan 1922 yilinda yapilabilmistir. Ik "gercek"
biyosensor ise, oksijen tespiti i¢in 1956'da Leland C. Clark, Jr tarafindan gelistirildi.
"Biyosensorlerin babas1" olarak bilinir ve oksijen elektrodunu icadi onun adiyla "Clark
elektrodu" olarak anilir (36). 1962'de Leland Clark tarafindan glukozun saptanmasi icin bir
amperometrik enzim elektrotunun gosterilmesini, 1969'da Guilbault ve Montalvo, Jr tarafindan
ire saptamak i¢in ilk potansiyometrik biyosensoriin kesfi izledi (37). Sonunda 1975'te ilk ticari

biyosensor Yellow Spring Instruments (Y SI) tarafindan gelistirildi.
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1.2.1. Biyosensor Bilesenleri

Analit: Tespit edilmesi gereken bir madde. Ornegin, glikoz, glikozu saptamak i¢in tasarlanmis

bir biyosensorde bir "analittir".

Biyoreseptor: Analiti 6zel olarak tantyan bir molekiil, biyoreseptor olarak bilinir. Enzimler,
hiicreler, aptamerler, deoksiriboniikleik asit (DNA) ve antikorlar, biyoreseptorlerin bazi
ornekleridir. Biyoreseptoriin analit ile etkilesimi lizerine sinyal olusturma siireci (1s1k, 1s1, pH,

yuk veya kiitle degisimi vb. seklinde) biyo-tanima olarak adlandirilir.

Doniistiiriicii: Dontistliriicii, bir enerji formunu digerine doniistiiren bir elementtir. Bir
biyosensorde doniistiiriiciiniin rolii, biyo-tanima olayini 6l¢iilebilir bir sinyale doniistiirmektir.
Bu enerji doniisiim siireci sinyalizasyon olarak bilinir. Cogu doniistiiriicii, genellikle analit-

biyoreseptdr etkilesimlerinin miktartyla orantili olan optik veya elektrik sinyalleri tiretir.

Elektronik: Bu, doniistiiriilen sinyali isleyen ve gorintiileme i¢in hazirlayan bir biyosensor
pargasidir. Amplifikasyon ve sinyallerin analogdan dijital forma doniistiiriilmesi gibi sinyal
kosullandirmay1 gerceklestiren karmasik elektronik devrelerden olusur. Islenen sinyaller daha

sonra biyosensoriin goriintiileme birimi tarafindan nicelendirilir.

Ekran: Ekran, bir bilgisayarin sivi kristal ekrani veya kullanici tarafindan anlagilabilir sayilar
veya egriler olusturan dogrudan yazici gibi bir kullanic1 yorumlama sisteminden olusur. Bu
boliim genellikle, biyosensoriin sonug¢larini kullanici dostu bir sekilde tlireten bir donanim ve
yazilim kombinasyonundan olusur. Ekrandaki ¢ikis sinyali, son kullanicinin gereksinimlerine

bagli olarak sayisal, grafik, tablo veya goriintii olabilir.
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Gorsel 2: Biyosensor bilesenlerinin sematik gosterimi (38).

1.2.2. Biyosensorlerin Nitelikleri
Her biyosensoriin sahip oldugu belirli statik ve dinamik nitelikler vardir. Bu 6zelliklerin

optimizasyonu, biyosensoriin performansini etkilemektedir.

Secicilik: Bir biyosensoriin en 6nemli 6zelligidir. Secicilik, bir biyoreseptoriin diger katki
maddeleri ve kirleticiler igeren bir numunedeki belirli bir analiti tespit etme yetenegidir.
Seg¢iciligin en iyi Ornegi, bir antijenin antikor ile etkilesimi ile gosterilir. Klasik olarak,
antikorlar biyoreseptor gorevi goriir ve doniistiiriiciinlin yiizeyinde hareketsiz hale getirilir.
Antijeni iceren bir sollisyon daha sonra antikorlarin sadece antijenlerle etkilesime girdigi
doniistiiriiciye maruz birakilir. Bir biyosensor olusturmak ig¢in, biyoreseptorleri segerken

secicilik ana diistincedir.

Tekrarlanabilirlik: Biyosensoriin kopyalanmis bir deney diizenegi i¢in ayni tepkileri tiretme

yetenegidir. Tekrarlanabilirlik, bir biyosensordeki doniistiiriiciiniin ve elektronigin kesinligi ve
dogrulugu ile karakterize edilir. Hassasiyet, bir numune her 6l¢iildiigiinde sensoriin benzer
sonuclar verme yetenegidir ve dogruluk, bir numune birden fazla 6lgiildiigiinde sensoriin gercek
degere yakin bir ortalama deger saglama kapasitesini gosterir. Yeniden tiretilebilir sinyaller, bir

biyosensoriin tepkisi iizerinde yapilan ¢ikarsamaya yiiksek giivenilirlik ve saglamlik saglar.
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Kararhlik: Biyoalgilama sistemi igindeki ve c¢evresindeki ortam bozukluklarina karsi
duyarlilik derecesidir. Bu bozulmalar, 6l¢liim altindaki bir biyosensoriin ¢ikis sinyallerinde bir
kaymaya neden olabilir. Bu, 6lgiilen konsantrasyonda bir hataya neden olabilir ve biyosensoriin
kesinligini ve dogrulugunu etkileyebilir. Bir biyosensoriin uzun inkiibasyon adimlar1 veya

siirekli izleme gerektirdigi uygulamalarda stabilite en 6nemli 6zelliktir.

Duyvarhilik: Bir biyosensor tarafindan algilanabilen minimum analit miktari, algilama sinirini
veya duyarliligini tanimlar. Bir dizi tibbi ve ¢evresel izleme uygulamasinda, bir numunede eser
miktarda analit varligini dogrulamak i¢in ng/ml veya hatta fg/ml kadar diisik analit

konsantrasyonunu saptamak igin bir biyosensor gerekir.

Dogrusallik: Biyosensoriin dogrusalligi, biyosensoriin ¢oziiniirliigii ve test edilen analit
konsantrasyonlar1 araligi ile iliskilendirilebilir. Biyosensoriin ¢dziiniirliigii, biyosensoriin
yanitinda bir degisiklik meydana getirmek i¢in gerekli olan bir analitin konsantrasyonundaki
en kiiciik degisiklik olarak tanimlanir. Uygulamaya bagli olarak, ¢ogu biyosensor uygulamasi
yalnizca analit tespiti degil, aym1 zamanda genis bir c¢alisma aralifinda analit
konsantrasyonlarinin dl¢iilmesini gerektirdiginden iyi bir ¢6ziiniirliik gereklidir. Dogrusallikla

iligkili diger bir terim, biyosensor yanitinin konsantrasyonla dogrusal olarak degistigi analit

konsantrasyonlarinin araligi olarak tanimlanan dogrusal araliktir.

1.2.3. Biyosensorlerin Kullanim Alanlar:

Biyosensorler, yasam kalitesini artirmay1 amaclayan ¢ok genis bir uygulama alanina sahiptir.
Cevresel izleme, hastalik tespiti, gida giivenligi, savunma, ila¢ kesfi ve daha pek ¢ok alanda
kullanimlar1 bulunmaktadir. Biyosensorlerin ana uygulamalarindan biri, bir hastaligin
gostergesi veya bir ilacin hedefi olan biyomolekiillerin saptanmasidir. Ornegin, elektrokimyasal
biyoalgilama teknikleri, protein kanseri biyobelirteclerini saptamak i¢in klinik araclar olarak
kullanilabilir (39-41). Biyosensorler ayrica gida izlenebilirligini, kalitesini, giivenligini ve besin
degerini izlemek ic¢in platformlar olarak kullanilabilir (42,43). Biyosensorler, hem sinirh
kaynaklarda hem de karmasik tibbi kurulumlarda teknolojik olarak gelismis cihazlar olarak
kullanilabilirler. Tla¢ kesfindeki uygulamalarda, savunma amach toksik materyaller olarak
kabul edilen bir dizi kimyasal ve biyolojik ajanin tespitinde, kalp pili ve diger prostetik cihazlar
gibi yapay implante edilebilir cihazlardaki kullanim i¢in ve kanalizasyon epidemiyolojisi
arastirmalarinda, son olarak da atik sulardaki SARS-CoV-2 RNA konsantrasyonlarimin

Ol¢timlerinde biyosensorler kullanilmaktadir (44-50).
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2. SONUC

Sonu¢ olarak son yillarda hizli bir sekilde gelisen sentetik biyoloji alanit ve gelistirilen
biyosensorlerle saglik ve tarim alanlarinda ilerlemeler kaydedilmistir. Sentetik biyolojinin tip
alaninda uygulama alami1 olan faj bazli tedavi, CAR T-hiicre tedavisi ve CRISPR/Cas9
tedavileri, tarim alanindaki yapay fotosentez, mayalarin kullanimi, tasarlanmis bakteriler ve
hiicresel tarim teknolojileri ile hem tedavi hem de hastalik 6nleme amagli ¢alismalar hiz
kazanmistir. Biyosensdrler ise zorlu ve/veya algilanmasi pahali olan ilgili sinyalleri kolayca
algilanabilir ¢iktilara doniistiirebildikleri i¢in g¢evresel sinyalleri algilamak ve 6lgmek icin
geleneksel analitik araclara bir alternatiftir. Gelistirilen biyosensdrlerle c¢evresel izleme,
hastalik tespiti, gida giivenligi, savunma, ila¢ kesfi gibi alanlarda ¢ok kapsamli analizler
yapilabilmektedir. Hem sentetik biyolojinin hedefleri hem de biyosensorlerin uygulamalari

ozellikle saglik ve tarim alanlarinda yasam kalitesini arttirmay1 amaclamaktadir.
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OZET

Epigenetik mekanizmalar, niikleotid dizisini degistirmeden gen ekspresyonundaki kalitsal
degisikliklerin temel diizenleyicileridir. DNA metilasyonu ise iizerinde en ¢ok calisilan
epigenetik modifikasyondur. DNA metilasyonu, bir CpG diniikleotidindeki sitozinin 5-
karbonundan yapiya bir metil grubunun kovalent baglanmasiyla gergeklesen ve gen
ekspresyonunu diizenleyerek hiicre fonksiyonlarini degistiren epigenetik bir mekanizmadir.
Sigara igmek hem global hem de gene 6zgii DNA metilasyonunu etkileyen yaygin bir
faktordiir. Bu nedenle, bir Tirk popiilasyonunda sigara igmenin DRD2, NR3C1, APC2
genlerinin promotor metilasyon durumu ve global metilasyon iizerindeki etkisini arastirdik.
Calismaya sigara icen 150 kisi ve hi¢ sigara icmemis 102 kisi dahil edildi. Tiim ¢alisma
grubundan alinan kanlardan genomik DNA izole edildi. Global DNA metilasyonu, 5-mC DNA
Elisa kiti kullanilarak 6l¢iildii. DRD2, APC2 ve NR3C1 genlerinin metilasyon durumlari ise,
metilasyon spesifik-polimeraz zincir reaksiyonu (MS-PCR) yontemi ile analiz edildi. Elde
edilen veriler istatistiksel olarak degerlendirildi. Sonuglar, sigara igenlerin ve hi¢ sigara
icmeyenlerin farkli APC2 gen hipermetilasyonuna ve global hipometilasyonuna sahip
oldugunu gostermektedir. APC2 gen parsiyel hipermetilasyonu sigara icenlerde hig
igmeyenlere gore daha yiiksek olarak belirlendi (p=0.00012). Global hipometilasyon sigara
icenlerde hi¢ igmeyenlere gore anlamli olarak arttig1 gézlemlendi (p=0.000). DRD2 ve NR3Cl1
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promotdr metilasyonu ise gruplar arasinda istatistiksel olarak anlamli bir farklilik géstermedi.
(p>0.05). Sigara icmek gibi ¢evresel ve yasam tarzi faktorleri epigenomu etkiledigi ve ¢esitli
hastaliklar ile kanser riskine yol agtig1 billinmektedir. Sonuglarimiz, global hipometilasyonun
ve APC2 gen promotorii hipermetilasyonunun sigara igmeyle iligkili oldugunu gdstermistir.
Elde ettigimiz verilerin, kisisellestirilmis bir hasta profili olusturmak ve sigarayla iligkili
olumsuz sonuglar1 tahmin etmek i¢in faydali olabilecegini diisiinmekteyiz.

Anahtar Kelimeler: Global hipometilasyon, Promotor hipermetilasyon, MS-PCR.
ABSTRACT

Epigenetic mechanisms are essential regulators of heritable changes in gene expression
without changing the nucleotide sequence. DNA methylation is the most widely studied
epigenetic modification. DNA methylation is an epigenetic mechanism that occurs by covalent
attachment of a methyl group from the 5-carbon of cytosine in a CpG dinucleotide to the
structure and modifies cell functions by regulating gene expression. Smoking is a common
factor affecting both global and gene-specific DNA methylation. Therefore, we investigated
the effect of smoking on the promoter methylation status and global methylation of the DRD2,
NR3C1, APC2 genes in a Turkish population. The study included 150 smokers and 102 never-
smokers. Genomic DNA was isolated from the blood taken from the entire study group. Global
DNA methylation was measured using the 5-mC DNA Elisa kit. The methylation status of
DRD2, APC2 and NR3C1 genes were analyzed by methylation specific-polymerase chain
reaction (MS-PCR) method. Obtained data were evaluated statistically. The results show that
smokers and never-smokers have differential APC2 gene hypermethylation and global
hypomethylation. Partial hypermethylation of the APC2 gene was found to be higher in
smokers than in non-smokers (p=0.00012). Global hypomethylation was observed to be
significantly increased in smokers compared to non-smokers (p=0.000). DRD2 and NR3C1
promoter methylation did not differ statistically between the groups. (p>0.05). Environmental
and lifestyle factors such as smoking are known to affect the epigenome and lead to the risk of
various diseases and cancer. Our results showed that global hypomethylation and APC2 gene
promoter hypermethylation are associated with smoking. We think that the data we have
obtained can be beneficial for establishing an individualized patient profile and predicting
smoking-related adverse outcomes.

Keywords: Global hypomethylation, Promotor hypermethylation, MS-PCR.
1. GIRIS

4.000'den fazla toksik kimyasal igeren sigara dumani, viicuttaki hemen hemen tiim organlarda
tehlikeli olumsuz etkiler birakir. Akciger kanseri, 6zofagus kanseri, kronik obstriiktif akciger
hastaligr ve agiz boslugu kanserleri, kardiyovaskiiler hastalik, astim, osteoporoz, arteriyel
hipertansiyon, diyabetes mellitus ve katarakt gibi sigaraya bagli hastaliklar ve gebelik
komplikasyonlari, 6zellikle yaslh niifusta ¢ok yaygindir. (1). Kapsamli kanitlara dayanarak,
nikotin, tiitlin iciminin bagimlilik yaratan bilesenidir. Gelistirilmis gorev performansi ve hafiza,
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daha diisiik kaygi ve gerginlik, daha yiiksek zevk ve kilo kontroli ile iligkili birkag
ndrotransmitterin serbest birakilmasi nikotin tarafindan uyarilir (2). Adenil siklaz aktivitesi,
dopamin reseptoriiniin D2 alt tipini kodlayan insan D2 dopamin reseptor geni (DRD?2)
(11g23.2, 66.097 baz) ve fonksiyonlarint kodlamak i¢in inhibe edilir (2). DRD2 geni ile
sizofreni, kokain bagimlilig1 ve patolojik kumar oynama gibi bazi psikolojik bozukluklar
arasinda bir iligki vardir (3). DRD2 gen varyantlarmin tiitiin i¢imi de dahil olmak tizere ¢esitli
bagimlilik yapan davranislarla iligkili oldugu bildirilmistir (4, 5).

65 685 bp
[ |
7alg6Ala
ProgioSer Leui41leu A-241G
8 7 6 5 4 3 2 1
Taql A Ser311Cys Vali541le —-141C Ins/Del
112 851 211 bp 112 785 527 bp

Gorsel 1: DRD2 gen yapisi ve polimorfizmleri (6).

Glukokortikoidler stresli ve bazal kosullarda homeostaz1 diizenler ve adrenal bezler tarafindan
steroid hormonlar olarak salgilanir. Hipotalamik-hipofiz-adrenal (HPA) aktivasyonu bastirilir
ve negatif bir geri besleme dongiisiinde hareket eden glukokortikoidler araciligiyla stres etkeni
azaltilarak homeostaz tesvik edilir. Molekiiler diizeyde, glukokortikoidler, bu olumsuz
geribildirimi elde etmek icin Niikleer Reseptor Alt Ailesi 3 Grup C Uye 1 (NR3C1) tarafindan
kodlanan transkripsiyon faktorleri olan glukokortikoid reseptorlerine baglanir (7). Birkag insan
calismasi, NR3C1 metilasyon seviyeleri ile anormal kortizol stres tepkileri tarafindan gosterilen
HPA isleyisindeki varyasyonlar arasindaki iliskiyi gostermistir (8, 9). Stroud ve arkadaslarinin
yaptig1 ¢caligmada, hamilelik sirasinda annenin sigara icmesi ile plasental NR3C1 promotdriiniin
modifiye metilasyonu ve plasental NR3C1 metilasyon derecesi ile dogumdan sonraki ilk ayda
bebek reaktif ve bazal kortizol {izerindeki etkileri arasinda bir iligki bulunmustur. (10).
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Gorsel 2: NR3C1 gen yapisi (11).

Insan APC (adenomatous polipozis koli) geni, kromozom 5'in uzun (q) kolunda bulunan bir
tiimor baskilayict gen olarak 2843 amino asitli 312 kDa'lik bir proteini kodlar. APC geninin
inaktive edilmesinin bir baslatic1 olay olduguna inanilmaktadir (12). Wnt sinyal yolunun
tiyeleri, bagirsak kriptlerinde hiicre boliinmesinin bir uyaricisi olarak [3-katenin ekspresyonunu
destekleyen APC geni tarafindan inhibe edilir (13). APC, genomik stabiliteyi ve kromozom
ayrilmasini diizenlemek igin mitozda kritik bir rol oynar (14). iki calismada sigara i¢iminin
APC mutasyonu ile tanimlanan tiimoriin molekiiler 6zelliklerine bagl olarak kolorektal kanser
riski ile iligkili oldugu ileri siiriilmektedir (15, 16).

Clinical
Manifestation

AAPC CHRPE Desmaids AAPC
Gene

Structure  [IREUBCBIIUTIZI3 /14

Mutation Cluster Reglon

\ \ HDD

1061 ASH
1309

Amino Acid

| — ¥ Arm 15 aa 20 aa Basic
Oligomerization  NES Repeats Repeats Repeats region
==
p-catenin binding DLG
binding
e —
\ S— EB-1
Pecutenin degrudution binding

Axin binding Microtubule Association

Gorsel 3: APC gen ve aminoasit yapis1 (17).

Bir dizi yiiksek diizeyde korunmus siire¢, normal gelisime ve organ ve hiicresel homeostaz
varyasyonlarina adaptasyona katkida bulunan genlerin protein ekspresyonunu ve epigenetik
diizenlemesini gergeklestirir (18). Fenotip, ana niikleotid dizisini degistirmeden, ¢ogunlukla
arastirtlan epigenetik mekanizma olarak DNA metilasyonu ile degistirilir. Gene 06zgii
hipermetilasyon, spesifik olmayan global DNA hipometilasyonu ile birlikte bulunabilir. DNA
hipometilasyonunda, DNA metilasyonu genellikle meydana geldigi genomik bolgelerde
kaybolur ve bunun genom ¢apinda bir fenomen oldugu diistiniiliir (19). Sigaranin etkisinin
cesitli hastaliklardaki kesin mekanizmalar1 bilinmemektedir, ancak modifiye DNA metilasyon
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paternlerinin hastaligin etiyolojisine aracilik ettigi yaygin olarak bilinmektedir. Birkag
caligmada, sigara igme davranisiyla ilgili DNA metilasyon kaliplart. DNA metilasyonunun
degisme derecesi sigara igme yogunlugundan kaynaklanmaktadir (20, 21). Metilasyon kaliplari
sayesinde, mevcut sigara igenler sigara i¢meyenlerden ve eski sigara icenler sigara
icmeyenlerden ayirt edilir. Bu, yalnizca kotinin diizeylerinin dlgiilmesiyle kolayca
dogrulanamaz (22).

Bu calismada, Tiirk poplilasyonunda sigara igmenin DRD2, NR3C1 ve APC2 genlerinin
promotor metilasyon durumu ve global hipometilasyon tlizerindeki etkisini arastirdik.

2. METODLAR

2.1. Calisma Populasyonu

150 sigara igen (70 kadin ve 80 erkek; ortalama yas: 43+13) ve hi¢ sigara igmemis 102 kisi (41
kadin ve 61 erkek; ortalama yas:30+£10) ¢aligmaya dahil edildi. Tiim katilimcilar i¢in gilinliik
tiikketilen ortalama tiitiin miktar1 toplanmistir. Aktifigiciler, bir yildan uzun siiredir giinde birden
fazla sigara igenler olarak tanimlanan sigara i¢cenler grubuna dahil edildi. Sigara igme derecesi,
Fagerstrom Nikotin Bagimlilig1 Testi (FTND) puanlariyla degerlendirildi (23). Hayatinda hig
sigara igmemis olanlar kontrol grubu olarak kabul edildi. Tiim katilimecilar, bu ¢aligmaya
kaydolmadan once bilgilendirilmis onam verdi. Bu ¢alisma Helsinki Deklarasyonuna uygun
olarak Etik Kurul tarafindan onaylandi.

2.2. DNA izolasyonu

Tiim bireylerden EDTA’l1 tiiplere 3 ml periferik venoz kan 6rnegi alindi. Genomik DNA, Plus
Blood Genomic DNA Purification test kiti (GeneMark, ABD) kullanilarak tam kandan izole
edildi.

2.3. Global Metilasyon Analizi

Ureticinin kilavuzuna gore, global DNA metilasyonu, 5-mC DNA ELISA Kiti (Zymo
Research) kullanilarak o6l¢iildii. Her numunedeki 5-mC yiizdesi, bilinen 5-mC miktarlarina
sahip altt DNA kontrol numunesinin absorbans degerlerinin logaritmik olarak cizilmesiyle
olusturulan egim ve y-kesisimi kullanilarak hesaplandi (24). Numunelerin %25'1 6l¢timleri
dogrulamak i¢in tekrarland.

2.4. Metilasyon Spesifik Polimeraz Zincir Reaksiyonu (MS- PCR)

DNA izolasyonundan sonra tim DNA orneklerine bisiilfit modifikasyonu yapildi. Bu analiz
i¢in iireticinin tavsiyelerine gére EZ-96 DNA Metilasyon-Gold kit kullanild1 (ZymoResearch,
Almanya). DRD2, NR3C1 ve APC2 genlerinin metilasyon durumlar1 Metilasyon spesifik
polimeraz zincir reaksiyonu (MSP-PCR) yontemi ile analiz edildi (25-27).
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2.5. istatistiksel Analiz

Veri analizi i¢in SPSS for Windows (versiyon 20.0; SPSS, Chicago, IL) yazilimi kullanilda.
Kontrol gruplar1 ve hastalar arasindaki farklarin istatistiksel olarak anlamli olup olmadigini
belirlemek icin lojistik regresyon analizi kullanildi. Bu analiz i¢in olasilik oranlar1 (OR) ve %95
giiven araliklar1 kullanildi. Hasta ve kontrol grubunun global ve promotor metilasyon sonuglari
arasindaki farklar1 karsilastirmak icin X2 testi kullanildi. Gerekirse Fisher testi kullanildi.
p<0,05 degerleri istatistiksel olarak anlamli kabul edildi.

3. SONUCLAR

Toplam 150 sigara igen ve 102 hig sigara icmeyen kisi, global metilasyon ve DRD2, NR3C1
ve APC2 gen metilasyonu i¢in degerlendirildi. Calisma popiilasyonunun demografik 6zellikleri
Cizelge 1'de sunulmustur.

Cizelge 1: Calisma Grubunun Demografik Ozellikleri

Sigara Icen Grup Sigara icmeyen Grup
n:150 (%) n:102 (%)
Yas, Ort£SD 43+£13 30+10
Cinsiyet, n (%)
Erkek 80 (53.33) 61 (59.81)
Kadin 70 (47.67) 41 (40.19)

DRD2, NR3C1 ve APC2 gen hipermetilasyon durumunu ve global hipometilasyonu
degerlendirdik. Sonuglar, sigara icenlerin ve hi¢ sigara i¢meyenlerin farkli APC2 gen
hipermetilasyonuna ve global hipometilasyonuna sahip oldugunu gostermektedir. APC2 gen
kismi hipermetilasyonu sigara igenlerde hi¢c i¢meyenlere gore daha yiiksek bulundu
(p=0.00012). DRD2 ve NR3C1 promotor metilasyonu gruplar arasinda istatistiksel olarak
anlaml degildi (p>0.05). Global hipometilasyon sigara igenlerde hi¢ igmeyenlere gére anlamli
olarak artt1 (p=0.000). Veriler Cizelge 2'de gosterilmektedir.

Cizelge 2: Calisma Grubunun Global DNA Metilasyonu ile DRD2, NR3C1 ve APC Gen
Metilasyon Analizi Sonuc¢lar

Sigara icen Grup  Sigara icmeyen Grup p
n:150 (%) n:102 (%)
DRD2
Kismi Metile 79 (52.67) 59 (57.84) 0.41772
Unmetile 71 (47.33) 43 (42.15)
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NR3C1
Kismi Metile 143 (95.33) 93(91.17) 0.18408
Unmetile 7 (4.67) 9 (8.83)
APC2
Kismi Metile 41 (27.34) 8 (7.85) 0.00012
Unmetile 109 (72.66) 94 (92.15)
Global Metilasyon
%, ort£SD 34.56+19.38 13.27+£5.24 0.000
4. TARTISMA

Bu calismada, sigara igenlerde global DNA metilasyonu ile DRD2, NR3C1 ve APC2 genlerinin
metilasyon durumunu arastirdik. Sonuglarimiz, epigenetik degisikliklerin sigara icenler ve hi¢
sigara igmeyenler arasinda farklilik gosterdigini destekledi. Genomik kararsizligin bir
gostergesi olan global metilasyon, sigara icenlerde hi¢ sigara igmeyenlere gore daha yiiksekti.
Ayrica, sigara icenlerin hi¢ sigara icmeyenlere gore APC2 geninde kismi metillenmenin daha
yiiksek oldugunu bulduk.

Epigenetik arastirma, biyolojide hizla heyecan verici ve gelisen bir alan haline geliyor.
Epigenetik, protein, DNA veya RNA'min baslangic dizilerini degistirmeden kovalent
modifikasyonlarin incelenmesi anlamina gelir. Bu degisiklikler, ¢evresel uyaranlara yanit
olarak ve gelisim sirasinda gen ekspresyonunu diizenler. Metilasyon degisiklikleri de dahil
olmak iizere epigenetik degisikliklerin, insan hastaliklarinin gelismesinde ve baglamasinda ve
cevresel ve genetik faktorler arasindaki etkilesimlerde bazi 6nemli roller oynadigi bulunmustur
(28). Genler ve g¢evre arasindaki iliski olarak epigenetik, memelilerde normal gelisim ve
bliylimeye katkida bulunur. Monozigotik ikizler, cevresel faktorlerin belirli bir 6zellik
tizerindeki etkisini degerlendirmek igin giicli bir model sunar. Genetik olarak O6zdes
deneklerde, yasam tarzina veya gevresel faktorlere farkli maruz kalma deneyimlerinde, tiim
farkliliklar dogrudan ikizlerin yasadigi bu ortak olmayan ortamdan kaynaklanabilir (29, 30).
DNA metilasyonu normal gelisim i¢in olduk¢a 6nemlidir. Dokuya 6zgii gen ekspresyonunu
diizenler, ancak ayni1 zamanda X kromozomu inaktivasyonunda ve gen baskisinda da rol oynar.
Metilasyon, metabolik bozukluklara, noérolojik bozukluklara, otoimmiin hastaliklara ve
yaslanmaya katkida bulunur (31). Sigaraya maruz kalmanim giiclii bir ¢evresel degistirici
oldugu ve doku tipleri arasindaki epigenetik degisikliklerle iligkili oldugu birgok calismada
bulunmustur (32, 33). Birkag ¢aligmada, birkag sitozin-fosfat-guanin (CpG) bdlgesinde sigara
igme ve modifiye DNA metilasyonu arasinda tekrarlanabilir iliskiler olmustur. Ilk trimesterden
sonra, dogum Oncesi dumana maruz kalma, DNA metilasyon durumunu ve fetiis gelisimini
etkileyebilir (34). Yavru, cocukluk ve ergenlik 6ncesi istikrarli ve kalic1 sonuglara sahiptir (35).
Bir meta-analizde, Joehanes ve arkadaglari, CpG'lerin 185'inin mevcut ve hig sigara igmeyenler
arasinda Onemli Olclide farklilik gosterdigini bildirdi (36). Nikotini nikotinik asetilkolin
reseptorlerine (nAChR'ler) baglayarak ve uyararak dopamin seviyeleri yiikselir (37). Beyindeki
dopaminerjik mezokortikolimbik yolun nikotin ve tiitiin bagimliligina katkida bulundugu
diistiniilmektedir (38). Nikotinin neden oldugu zevkli etkiler ile dopaminerjik hiicre

BOOK OF FULL TEXT ISBN: 978-625-7341-88-2 www.egekongresi.org Page | 68



AEGEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS HHIBHIR E

govdelerinde bulunan reseptorler ile nikotinin baglanmasindan sonra dopamin 6diil yolunun
uyarilmasi arasinda bir iligki vardir, bu da mezolimbik sistemin ¢ekirdegindeki akumbenste
dopamin salinimimni arttirir (39). Hagerty ve arkadaglari yaptiklari c¢alismada DRD?2
metilasyonunun alkol sorunlarinin ciddiyeti ile 6nemli dlgtlide iligkili oldugunu bulmuslardir
(40). NR3C1 geni tarafindan kodlanan glukokortikoid reseptdr proteinleri, HPA ekseninin
inhibe edici sinyallesme siireglerine katkida bulunur (7). Bu, g¢evresel strese karsi insan
tepkisinin altinda yatan ana biyolojik mekanizmadir. Kanitlara gore, glukokortikoid
sinyallemesindeki bireysel farkliliklar ile miidahaleye verilen farkli yanit arasinda bir iligki
vardir (7). Guo'ya gore, sigara igmenin neden oldugu WNT/B-katenin sinyallemesinin diistik
sinyalleme aktivitesi, hava yolu epitelindeki inflamatuar sitokin iiretimini artirabilir ve
PPARS/p38 MAPK yolu yoluyla kronik obstriiktif akciger hastaliginda hava yolu
inflamasyonuna katkida bulunabilir (41). Onceki ¢aligmalar kolorektal kanserde APC gibi bazi
WNT inhibitorlerinin DNA metilasyonunu bildirmistir (42, 43).

Bildigimiz kadariyla bu ¢alisma, Tiirkiye'de sigara kullanimi ile global metilasyon ve bazi
genlerin hipermetilasyon durumu arasindaki iliskiyi degerlendiren ilk ¢alismadir. Sonuglarimiz,
sigara igmenin hem global DNA metilasyonunu hem de promotdér gen metilasyonunu
etkileyebilecegini gosterdi.

5.SONUC

Sigara igmek gibi ¢evresel ve yasam tarzi faktorleri epigenomu etkiledigi ve ¢esitli hastaliklar
ile kanser riskine yol agtig1 billinmektedir. Sonuglarimiz, global hipometilasyonun ve APC2
gen promotdrii hipermetilasyonunun sigara i¢meyle iliskili oldugunu gostermistir. Elde
ettigimiz verilerin, kisisellestirilmis bir hasta profili olusturmak ve sigarayla iliskili olumsuz
sonuglar1 tahmin etmek icin faydali olabilecegini diistinmekteyiz.
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OZET

Obstriiktif Uyku Apne Sendromu (OUAS), iist havayolunun tam ya da tama yakin olarak
kapanmasi nedeni ile uyku sirasinda aralikli hipoksi ataklarinin olusmasi ile karakterizedir. Bu
ataklar sonucunda meydana gelen hipoksik hasar viicutta inflamatuar hiicrelerin aktivasyonuna
ve sonug olarak sitokin salmimina neden olur. Hasta Otiroid Sendromu (HOS), tiroid bezi dist
hastaliklarin neden oldugu ve tiroid hormon diizeylerindeki anormallikler ile karakterize klinik
bir durumdur. Ciddi sistemik hastaliklarda goriilen sok, enfeksiyon ve doku hasarma yanit
olarak sitokinlerin salindigi ve HOS gelisimine neden oldugu tahmin edilmektedir. Bu
calismada tiroid hormon diizeyleri ile OUAS siddeti arasindaki iliskiyi incelemek
amaglanmigtir. 2009-2010 yillar1 arasinda HOS tanisi ile endokrin kliniginde takip edilen ve
horlama, tanikli apne nedeni ile uyku klinigine konsiilte edilen hastalar incelendi. Calismaya
hafif OUAS (Apnea-Hipopne indeksi (AHI) :5-15) olan 20 kisi, orta — agir OUAS (AHI:>15)
olan 20 kisi ve OUAS olmayan (AHI:<5) ve kontrol grubu olan 20 kisi dahil edildi. Hasta
dosyalarindan tiroid fonksiyon testleri, Anti T ve Anti M kaydedildi. Yapilan inceleme
sonucunda orta-agir OUAS grubunda 8 kiside (%40), hafif OUAS grubunda ise 1 kiside (%5)
HOS pozitifligi tespit edildi. Kontrol grubunda HOS saptanmadi. Hafif OUAS ile kontrol grubu
arasinda iliski bulunmazken, orta - agir OUAS ile hafif OUAS grubu arasinda HOS pozitifligi
acisindan istatistiksel olarak anlamli fark saptandi (p<0,001). Sonug olarak bu ¢alismada OUAS
siddeti ile HOS arasinda pozitif yonde korrelasyon olduguna dair ipuglar1 elde edilmistir.
OUAS’da kullanilan PAP (pozitif havayolu basing) tedavisi sonrasi tiroid fonksiyon testlerinin

kontrol edilecegi genis katilimli ¢calismalara ihtiyag vardir.

Anahtar Kelimeler : Obstriiktif Uyku Apne Sendromu (OUAS), Hasta Otiroid Sendromu
(HOS), Hipoksi, Tiroid Fonksiyon Testleri.
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INVESTIGATION OF PRESENCE OF SICK EUTHYROID SYNDROME (SES) IN
OBSTRUCTIVE SLEEP APNEA SYNDROME (OSAS)

ABSTRACT

Obstructive Sleep Apnea Syndrome (OSAS) is characterized by the occurrence of intermittent
episodes of hypoxia during sleep due to complete or nearly complete closure of the upper
airway. The hypoxic damage that occurs as a result of these attacks causes the activation of
inflammatory cells in the body and, as a result, the release of cytokines. Sick Euthyroid
Syndrome (SES) is a clinical condition caused by non-thyroidal diseases and characterized by
abnormalities in thyroid hormone levels. It is estimated that cytokines are released in response
to the shock, infection and tissue damage seen in severe systemic diseases and cause the
development of SES. In this study, it was aimed to examine the relationship between thyroid
hormone levels and OSAS severity. Patients who were followed up in the endocrine clinic with
the diagnosis of SES between 2009 and 2010 and who were consulted to the sleep clinic due to
snoring and witnessed apnea were analyzed. The study included 20 people with mild OSAS
(Apnea-Hypopnea index (AHI) :5-15), 20 people with moderate to severe OSAS (AHI:> 15),
and 20 people without OSAS (AHI: <5) and control group. Thyroid function tests, Anti T and
Anti M were recorded from patient files. As a result of the examination, SES positivity was
detected in 8 people (40%) in the moderate-severe OSAS group and in 1 person (5%) in the
mild OSAS group. SES was not detected in the control group. While no relationship was found
between mild OSAS and control group, a statistically significant difference was found between
moderate-severe OSAS and mild OSAS group in terms of HES positivity (p<0.001). As a result,
in this study, clues were obtained that there is a positive correlation between the severity of
OSAS and SES. There is a need for large-scale studies in which thyroid function tests will be

checked after PAP (positive airway pressure) treatment used in OSAS.

Keywords: Obstructive Sleep Apnea Syndrome (OSAS), Sick Euthyroid Syndrome (HES),
Hypoxia, Thyroid Function Tests

1. GIRIS

Obstriiktif uyku apne sendromu (OUAS); gece uykuda iken {ist havayolunun tam ya da tama
yakin olarak tikanmasi sonucunda meydana gelen aralikli hipoksi ile karakterize bir durumdur [1].
Gece boyunca tekrarlayan tikaniklik sonucu kan oksijen diizeyinde azalma meydana gelir ve bu

durum kisinin sik uyanmasina neden olur. Gece uykunun béliinmesi sonucunda sabah basagrisi
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ile uyanma, kronik yorgunluk, gilindiiz asir1 uykululuk hali gibi semptomlar ka¢inilmaz hale gelir.
Aralikl1 hipoksi, reoksijenasyon ve reperfiizyon mekanizmalari ile dengelenmeye calisilir. Tiim bu
mekanizmalar nedeni ile inflamasyondan sorumlu hiicreler aktiflesir ve serum interlokin-6 (I1L-6),
interlokin 8 (IL-8), tiimdr nekrosiz faktor alfa (TNF-alfa) ve C-reaktif protein (CRP) gibi
inflamatuar mediatorler salinir [2].

OUAS agirligima gore gece boyunca tekrarlayan nokiirnal hipoksi sonucunda damar duvar
yapisinda bozulmalar meydana gelir ve hastalarda hipertansiyon, konjektif kalp yetmezligi,
koroner arter hastaliklari gelisme riski artar [3]. Neden oldugu komplikasyonlarin agirligi nedeni
ile OUAS hastalarinin hizli tan1 almasi 6nemlidir. Tan1 i¢in apne-hipopne indeksi (AHI: uykuda
saat basina diisen toplam apne ve hipopne sayis1) kullanilir ve 5 ve iistii degerler OUAS olarak
isimlendirilir [4].

Hasta Otiroid Sendromu (HOS), tiroid bezi dis1 hastaliklarin neden oldugu ve tiroid hormon
diizeylerindeki anormallikler ile karakterize klinik bir durumdur. Ciddi sistemik hastaliklarda
goriilen sok, enfeksiyon ve doku hasarina yanit olarak sitokinlerin salindigi ve HOS gelisimine
neden oldugu tahmin edilmektedir. Bu sendromda hipotalamus-hipofizer—tiroid bez aksinda ya da
tiroid bezin kendisinde patoloji izlenmez [5]. Tiroid fonksiyon testleri incelendiginde genellikle
serum T4 ve TSH diizeyleri normal iken ve serum serbest T3 diizeyinde azalma oldugu gozlenir
[6]. Yapilan ¢alismalarda HOS hastalarinda interldkin-1 (IL-1), interlokin-6 (IL-6) ve timor
nekrosiz faktor alfa (TNF-alfa) diizeylerinde artis oldugu gosterilmistir. Bu sitokinlerin ciddi
sistemik hastaliklarda meydana gelen doku hasarina cevap olarak salgilandiklari ve HOS
olusumuna katki sagladiklar1 disiiniilmektedir [7].

Bu calismada amag; OUAS siddeti ile HOS goriilme sikligi arasinda korrelasyon olup

olmadigini aragtirmaktir.

2. UYYGULAMALAR

Calismaya 2009-2010 yillar1 arasinda OUAS Ontanist ile basvuran ve yapilan
polisomnografileri sonrast AHI:5-15 olan hafif 20 OUAS hastasi, AHI:>15 olan orta-agir 20
OUAS hastas1 ile AHI<5 olan ve polisomnografi sonucu normal olarak degerlendirilen 15
kontrol grubu olusturacak hastalar dahil edildi. Hastalarin ayrintili hikayeleri alindi ve fizik
muayeneleri yapildi. Alinan hikayede ya da dosyasinda daha once kronik sistemik hastalik
tanisi alan hastalar ile 6zellikle tiroid hastaligi nedeni ile daha 6nce tedavi almis olan hastalar
calisma dis1 birakildu.

Hasta dosyalarindan elde edilen serum T3,T4, TSH, Anti T (Tiroglobulin antikor), Anti
M (Tiroid Mikrozomal antikor), CRP degerleri kayit altina alindi. TSH diizeyleri normal, sT3
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<2,0 pg/mL ve/veya sT4< 0,93 ng/dL olan hastalar HOS olarak kabul edildi.

OUAS tanis1 i¢in hastalar 1 gece polisomnografi i¢in uyku kliniginde yatirildi. PSG'de
eszamanli kayitta beyin dalgalarinin tespiti i¢in elektroensefalogram (EEG), kas aktiviteleri i¢in
elektromiyogram (EMG; submental EMG ve Tibialis EMG), goz hareketleri igin
elektrokiilogram (EOG), kalp ritmi izleme i¢in elektrokardiyogram (EKG), solunum eforu
Gogiis ve karin kemeri, apne ve hipopne tespiti i¢in nazal kaniil ve termistor, oksijen seviyesi
icin nabiz oksimetresi ve horlama icin trakeal mikrofon kullanildi. Amerikan Uyku Tibb1
Akademisi (AASM) tarafindan 2007 yilinda yayinlanan kriterler, elde edilen kayitlarda tespit
edilen uyku sirasindaki solunum olaylarini puanlamak i¢in kullanilmigtir [8]. OUAS siddeti igin
AHI degerleri kullamldi. AHI < 5: OUAS’1 olmayan, AHI 5-15 olan hafif OUAS, AHI>15 olan
orta-agir derecede OUAS olarak degerlendirildi.

Normal dagilim gdsteren ve varyanslart homojen olan parametrelerin
karsilastirilmasinda tek yonlii varyans analizi, varyanslari homojen olmayan parametrelerin
karsilagtirllmasinda Welch ANOVA kullanildi. Normal dagilim gostermeyen parametrelerin
karsilagtirilmas1 Kruskal Wallis testi ile yapildi. Nitelik verilerin gruplar arasi karsilastiriimasi

Ki-kare testi ile yapildi. Anlamlilik diizeyi p=0,05 olarak belirlendi.

3. SONUCLAR VE DEGERLENDIiRME

Uyku kliniginde PSG’si yapilan ve ¢alismaya dahil edilme kriterlerini karsilayan 55
hastanin yas ortalamasi 44,6 (+10,1) idi. Hastalar AHI’ye {i¢ gruba ayrildi. AHI < 5 olan 15
olgu normal (kontrol) grup, AHI 5-15 arasinda olan 20 olgu hafif OUAS 1 grup, AHI > 16 olan
20 olgu orta-agir OUAS’l1 grup olarak kabul edildi. Her {i¢ gruba ait hastalarin demografik

ozellikleri Cizelge 1° de 6zetlenmistir.

Cizelge 1: Calismaya dahil edilen hastalarin demografik 6zellikleri

Normal Hafif OUAS Orta-agir OUAS p
15 20 20
Yas (y1l) 36,5+8,7 44,3+5,5 50,9+10,5 0,001
Erkek n, (%) 11(%73,3) 16(%80,0) 15(%75,0) 0,884
VKI (kg/m?) 28,5+6,2 27,5437 31,7+3,8 0,006
Sigara igici n, (%) 6(%40) 9(%45) 8(%40) 0,937
Alkol igici n, (%) 0 (%0) 1(%5) 1(%5) 0,522
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Gruplar arasinda yas ortalamalar1 agisindan istatistiksel olarak anlamli farklilik bulundu
(p<0,001). Viicut kitle indeksi (VKI) incelendiginde normal ve hafif OUAS’l1 grup arasinda
anlaml fark yokken (p>0,05), orta-agir OUAS’1 grup ile diger iki grup arasinda istatiksel
olarak anlamli farklilik saptandi (p:0,006).

Hastalarin OUAS degerlendirmeleri i¢in kullanilan polisomnografik parametreleri
incelendiginde, gruplar arasinda uyku etkinligi ve TST (total uyku siiresi) agisindan istatistiksel
olarak anlamli farklilik saptanmazken (p>0,05), AHI, ODI (oksijen desatiirasyon indeksi), T90
(gece boyunca oksijen satiirasyonunun %90 ‘in altinda gectigi siire), Ort. SaO2 (ortalama
oksijen satiirasyonu), Min. SaO2 (minumum oksijen satiirasyonu) agisindan istatistiksel olarak
anlamli farklilik mevcuttu (p<0,05). Hastalarin polisomnografik verileri Cizelge 2’de
gosterilmistir.

Cizelge 2: Gruplarin PSG bulgularinin karsilagtirilmasi.

Normal Hafif OUAS Orta-agir OUAS | p
15 20 20
Uyku etkinligi (%) 88,7+8.5 89,448,6 90,9+8,2 0,350
TST (dakika) 372,6+48,0 375,1+38,4 398,0£60,8 | 0,240
AHI 2,6+2,0 9,5£2,3 37,6+23,3 <0,001
ODI 3,242.6 8,2+3,1 42,9+27.7 <0,001
T90 0,76£2,2 0,80+1,4 13,2+16,3 <0,001
Ort. O2 sat 94,7+1,8 93,9+1,6 91,5+2,2 <0,001
Min O2 sat 89,6+2.,6 87,2+3,0 76,4+8,5 <0,001

Calismaya katilan hastalarin OUAS gruplarina gore klinik 6zellikleri incelendiginde,
gruplar arasinda sT3, sT4 ve TSH, CRP, Anti T, Anti M diizeyleri arasinda istatistiksel olarak
anlamli farklilik saptanmadi. incelemeler sonucunda normal grupta HOS tespit edilmezken
(n:0, %0) hafif OUAS’li grupta 1 kiside (n:1, %5), orta-agir OUAS’li grupta 8 kiside (n:8,
%40) HOS tespit edildi. Sonuglar analiz edildiginde Normal grup ile hafif OUAS’li hasta
grubunda fark tespit edilmedi ancak hafif OUAS ile orta-agir OUAS gruplart HOS pozitifligi
acisindan istatistiksel olarak anlamli farklilik saptandi (p<0,001). Gruplar arasi klinik

karsilastirmalar Cizelge 3’te gosterilmistir.
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Cizelge 3: Gruplarin klinik 6zelliklerinin karsilastirilmasi.

Normal Hafif OUAS Orta-agir OUAS | p
15 20 20

sT3 3,23+0,3 3,18+0,6 3,20+0,6 0,958
sT4 1,26+0,1 1,33+0,5 1,06+0,3 0,061
TSH 1,89+0,6 1,50£1,0 1,56+0,7 0,061
CRP 3,03+2,7 2,63+3,4 2,52+1,6 0,462
Anti T 11,3+4,9 10,8+4,3 13,249.0 0,856
Anti M 5,50+3,0 6,16+4,4 5,6243.5 0,821
HOS pozitif hasta 0(%0) 1(%5) 8(%40) <0,001
n, (%)

4. GENEL DEGERLENDIRME VE SONUCLAR

OUAS’in mortalite ve morbidite agisindan en sik goriilen etkileri kardiovaskiiler sistem
tizerinde goriilmektedir. Yapilan arastirmalar OUAS’in ciddi yan etkilerinin endokrin sistem
iizerinde de goriildiigiinii gostermistir. Gece boyunca iist hava yolunda meydana gelen ve
tekrarlayan tikanikliklar apne ve hipopnelerin olusmasina, intermittant hipoksiye ve sik uyanmalara
(arousal) neden olarak viicutta stres cevabini uyarir ve stres hormon salgilanmasinda artisa neden
olur. Olusan hipoksi santral nérotransmitter iizerinden etki ederek hipotalamo-hipofizer aksta ve
periferik endokrin bezlerde hormon salinmasinda degisikliklere neden olur. Hiperkapni ise tek
basina ya da hipoksi ile beraber birlikte renin, ACTH, kortikosteroidler, aldosteron ve vazopressin
salinmasinda etkili olur. Gece sik uyanmalar giin i¢inde uykululuga neden olarak uykuda salinan ya
da uyku iligkili hormon salinma diizeninde anormalliklere neden olur [9] . Bu ¢alismada OUAS’de
goriilen intermittant hipoksinin ve neden oldugu inflamatuar siirecin tiroid hormonunda meydana

getirdigi degisiklikler incelenmistir.

Daha 6nce bilinen bir tiroid hastaligi olmayan hastalarda gegirdikleri ciddi sistemik hastaliklar
sonrasi olusan, enfeksiyon, sok ve sepsis gibi durumlardan sonra tiroid hormon degisiklikleri
goriilebilmektedir. Ozellikle yogun bakimda takip edilen hastalarda, gecirilmis agir operasyon
sonrasi, miyokardial enfeksiyon takibinde, uzamis aglikta bu degisiklik daha sik goriiliir. Bu gercek
bir sendrom degildir ve hastanede yatan hastalarin yaklasik yiizde 75'inde hipotalamik-hipofiz-tiroid
ekseninde gecici degisiklikler mevcuttur. Otiroid hasta sendromundaki en yaygin hormon paterni,
normal T4 ve tiroid uyarici hormon (TSH) seviyeleri ile diisiik toplam T3 ve serbest T3
seviyeleridir[10,11].
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TRH (Tirotropin Releasing Hormon Ya Da Tirotropin Salgilattirict Hormon) hipofiz bezinden
salgilanarak TSH salimimini diizenler ve tiroid bezinden hormon salgilanmasini saglar. TRH
salgilanmasi sitokinler ve glukokortikoidler tarafindan indiiklenir [12]. Diiirnal salinimi olan
glukokortikoidlerin, TSH saliniminda neden olduklar1 degisiklikleri TRH iizerinden etki ederek
gerceklestirdikleri diistiniilmektedir [13,14]. Yiiksek glukokortikoid seviyeleri hipofizin TRH’ya olan
cevabini baskilayarak TSH, serum T3 ve T4 hormon seviyelerinde azalmaya neden olur [15]. Tiim bu
sonuglar, stres bagimli glukokortikoid artistnin HOS olusumuna yol acabilecegini gdstermektedir.
OUAS’da gece boyunca goriilen apne-hipopneler ve sonrasinda gelisen arousallarin stres cevabini
uyardigim1 ve stres hormonlarinin artisina neden olarak HOS olusumuna neden olabilecegi
distiiniilmektedir.

Bu calismada kontrol grubunda HOS tespit edilemedi. Bununla beraber hafif OUAS’li hasta
grubunda 1, orta-agir OUAS’li hasta grubunda ise 8 adet HOS pozitif vaka bulundu. Orta-agir OUAS’li
grupta diger gruplara gore istatistiksel olarak anlamli olacak sekilde HOS pozitifliginin yiiksek oldugu
tespit edilmistir. Kontrol grubu ile hafif OUAS li grup arasinda anlamli bir fark bulunmamustir.
Sonuglar incelendiginde; OUAS agirligina gore HOS goriilme sikligimimn arttigi ve aralarinda pozitif
yonde bir iligki oldugu tespit edilmistir.

Sonug olarak, OUAS agirlig1 ile HOS arasinda pozitif yonde iliski tespit edilen bu ¢alismada
PAP (Pozitif Havayolu Basinci) tedavisi sonrasi hastalarin tiroid fonksiyon testlerinin yeniden

degerlendirildigi genis katilimli ¢alismalara ihtiyag vardir.
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ABSTRACT

Glass panels, which are mostly used in modern constructions, are among the most important
elements for non-structural curtain wall systems. Recently, these panels that are increasingly
used across the world for the exteriors of high-rise structures have become popular as
architectural elements. While glass panels increase the attractive appearance of structures, they
contain many hazards due to their mechanical behavior. Due to their relatively low tensile
strength and brittle behavior, glass panels are one of the most fragile elements of curtain walls.
This study focuses on the vulnerability of glass panels used in unitized curtain wall systems
(UCWSs), which are among the most preferred exterior cladding systems. For this purpose, a
full-scale mock-up test is performed on a two-stories UCWS model consisting of six panels
according to the standard testing protocol outlined in the American Architectural Manufacturers
Association (AAMA) 501.4. Then, a numerical model is conducted in the study and
vulnerabilities of the glass panels are investigated by using finite element analyses.

Anahtar Kelimeler: Unitized Curtain Wall Systems, Glass Panels, Structural Performance

Assessment, Full-Scale Mock-Up Test, Finite Element Analysis

1. INTRODUCTION

Curtain wall systems (CWSs), also called cladding or enclosure, are the surfaces of building
fagades and are primarily used to divide the interior and the outside. Since architects and
designers have the ability to vary the appearance and to provide flexibility of the building
envelope with the use of CWSs, these systems have been attractive architectural components.
Walter Gropius (1883-1969), a German architect, designed the first curtain wall as a teacher at
an art school (called Bauhaus) in Germany. Gropius designed a new campus for the art school

when it moved from Weimar to Dessau in 1926, following his philosophy of clean, functional,
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modern design. The most important contribution of Gropius was the "Curtain Wall" as it
referred to the glass facade that displayed the interior design as well [1].

Although curtain walls are much more sophisticated than the earlier types, the current designs
are more efficient today due to more than fifty years of development and experience. Over the
years, curtain wall technology has evolved into a variety of highly engineered designs. There
are two types of curtain walls -“stick curtain wall system (SCWS)” and “unitized curtain wall
system (UCWS)”- and their main differences are in the way they are constructed. The SCWSs
are fabricated in a factory and transported in pieces to the site where they are assembled and
glazed, while the UCWSs are made and assembled in a factory and shipped to the site for
installation. In curtain wall systems, glass panels are commonly used for their unique and
important properties such as transparency and being easily processable [2]. They have become
increasingly competitive with other types of facades because it provides their occupants with
an unobstructed view. Glass panels are systems consisting of many different layers and they act
as a physical barrier against the occupants falling and as physical protection from potential
outside events (Figure 1).

Several scientific studies have been conducted to evaluate the performance of these systems, as
well as the requirements for design. Lee et al. [3] used curtain wall modules and fasteners to
accommodate vibrations and displacement due to dynamic seismic waves. Aiello et al. [4]
studied the seismic loading behavior of curtain walls to improve the design and manufacturing
of seismic-resilient products. Nardini and Doebbel [5] developed a concept to calculate the
effects of forces and displacements imposed on the structural joints by earthquakes occurring
on UCWSs. Based on the EN 13830 [6] and AAMA 501.4 [7] Standards, llter et al. [8]
compared the structural and infiltration performance of two identically detailed and
manufactured prototypes of UCWS. Al-Hammad et al. [9] described a systematic approach for

evaluating and selecting curtain wall systems for medium-high-rise buildings.
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Figure 1. Components of the Glass Panel

In the literature, several studies on UCWSs have been published, but only a few studies have
evaluated their structural performance in detail. Therefore, this study aims to investigate the
vulnerability of glass panels used in unitized curtain wall systems (UCWSSs), which are among
the most used exterior cladding systems. In this study, full-scale testing is conducted on a two-
story UCWS model consisting of six panels according to the standard testing protocol outlined
in the AAMA 501.4 [7]. A numerical model is then conducted in the study, and the weaknesses

of the glass panels are evaluated using finite element analysis.
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2. VULNERABILITIES OF THE GLASS PANELS IN THE UCWSs

For centuries, glass has been used as a material for windows and facades. Generally, glass is
considered a weaker material for construction than traditional materials like concrete and steel.
The fragility of glass makes it highly vulnerable to extreme loads, such as seismic load, air blast
waves or other hazards (Figure 2). The recent earthquakes have shown that even minor and
moderate earthquakes can seriously damage glass panels. According to previous studies, the
hairy cracks on the surface of the glass panel are the cause of glass breakage during an
earthquake ([10], [11]). As a result of contact between metal and glass, the glass edge is
damaged, which weakens the glass. Therefore, glass is usually not in contact with a framing
member in UCWSs since it is separated from the framing by silicone seals. In any case, if the
silicone seals were damaged, or if the frame were extruded, the direct contact between the glass
panel and the aluminum frame would occur, causing a rapid increase in stress in the glass
panels. Cracks might be generated once the local stress exceeds the critical stress of the glass
panel [12].

I Ean 3
"'-!g:”'w-?'lv A

"Rise

al A0 M0 &

Figure 2. Different Failure Types of the CWSs ([13], [14])
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Because it is difficult to estimate the concentration, orientation, and location of cracks in all
glass panels, failure probability is instead used to establish the safety of glass structures rather
than a direct specification of failure load [2].

For partial and full contact between the glass panel and the frame, Bouwkamp and
Meehan [15] and Sucuoglu and Vallabhan [16] developed a calculation method. In the frame,
the lateral deformation of the glass panel due to rigid body motion is expressed Eq (1) (Figure

3).

b ! 2c) |

C| | _Load on Frame L

-« 1::% Load on
s Glass
Glass Panel Glass Panel
@ ® H
h € c Rotation
Horizontal Movement
*« » Frame
¢ Loadon
lass — &

a) Horizontal movement of the undeflected panel b) Deflection of frame by panel horizontal movement

Figure 3. Drift Mechanism of the Glass Panels [12]

h
8, =2c[1 + -]

b (1)

where or expresses the lateral drift of the panel, ¢ expresses the gap between the glass
panel and the frame, and h and b express the vertical and horizontal clear distances of the frame,
respectively.

Drift mechanisms depend on the structural configuration of the CWSs. There are still
further studies required to define the drift curves for different CWSs fixed by different

connections such as chemical anchor bolts, steel angles, steel cables with spiders, and aluminum

anchors [12].

3. FINITE ELEMENT ANALYSIS

3.1. Finite Element Modelling (FEM)
In this study, a two-story UCWS system, which was composed of six panels with a width of

1430.8 mm and a height of 4215.4 mm, was selected for evaluation. The system was constructed
of aluminum framing members and insulating glass panels. In this study, the UCWSs were

experimentally evaluated for their performance when subjected to specified horizontal
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displacement (Figure 4). During the mock-up test, 18 Linear Variable Differential Transformers
(LVDTSs) were used, and all displacements were instantly recorded. In a previous study by the
authors [17], these panels were modeled numerically and the numerical model was calibrated.
In this study, this numerical model was used and the behavior of glass panels was determined
by the FEA on this model. In the FEA, the numerical model was prepared in ANSYS
Workbench software [18] using 1581533 nodes and 831560 elements (Figure 5).

| || 20
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XY
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Flgure 4. Full Scale Mock-up Test [17]
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Figure 5. Simplified Finite Element Model [17]
3.1. Finite Element Analysis (FEA)
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Similar to the experimental study, 44 mm horizontal translation, which was equal to 0.1 times
the story height, was made from the inter-story section of the system in 11 steps in the FEA.
The FEA focused on the glass panels used in UCWS systems and the critical stresses on the
glass panels as a result of horizontal displacements were investigated. The obtained stress
results are given in Figure 6-8 considering each panel on the system. According to the stress
values obtained as a result of the analyses, the stresses are generally concentrated at the junction
points between the glass panels and the frames. This situation supports the data obtained in the
literatiire [11, 12, 18]. When the results obtained are presented comparatively (Table 1), it was
seen that the panels in the lower parts of the system were more difficult than the panels in the

upper part, and the critical stresses were generally concentrated in the lower parts of the glass

panels.
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Figure 6. I\/Iinimum‘PrincipaI Stresses obtained from the FEA (MPa)
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Table 1. Critical Stresses obtained from the FEA

Panel 1 | Panel2 | Panel 3 | Panel4 | Panel5 | Panel 6

Minimum Principal Stresses (MPa) | -2,5679 | -2,5676 | -2,5658 | -8,7455 -8,414 -8,5087

Maximum Principal Stresses (MPa) | 2,6258 2,6709 2,6896 9,7224 9,8376 9,7968

von Mises Stresses (MPa) | 2,3979 | 2,3904 | 2,4002 | 8,2863 | 8,3501 | 8,3168

4. CONCLUSION

Curtain wall systems (CWSs) - also known as cladding or enclosure - are surfaces of
building facades used to create a barrier between the inside and outside of buildings. These
systems have been attractive architectural components because they have the ability to provide
flexibility to the building envelope and to vary the appearance of the building. Generally, glass
panels are used in curtain wall systems because of their unique and important characteristics,
such as transparency and ease of processing. Due to the fact that they provide unobstructed
views to their occupants, they have become increasingly competitive with other types of
facades. A glass panel is composed of many layers which act as a physical barrier to prevent
occupants from falling or being exposed to external forces. Glass is generally considered a less
durable material than traditional construction materials like concrete and steel. Because glass
is fragile, it is highly vulnerable to extreme loads, such as earthquakes, air blast waves or other
hazards.

The aim of this study is to investigate the vulnerability of glass panels used in unitized
curtain wall systems (UCWSs), which are among the most used exterior cladding systems. In
this study, full-scale testing is conducted on a two-story UCWS model consisting of six panels
according to the standard testing protocol outlined in the American Architectural Manufacturers
Association (AAMA) 501.4. Finite element analyses are used to investigate the vulnerabilities
of the glass panels. As a result of the analysis, the stress values obtained indicate that the stresses
are generally concentrated at the connection points between the glass panels and the frames.
Compared to the upper parts of the glass panels, the lower parts presented more difficulty, and

the critical stresses were generally concentrated in the lower parts.
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ABSTRACT

For thousands of years, people have constructed buildings to meet their need for shelter out of
a variety of materials, such as wood, masonry, concrete, steel, etc. The engineering history of
masonry structures, which are considered to be the first examples of civil engineering
applications, dates back to prehistoric times, making them one of the oldest types of building.
These structures, which reflect the building materials and construction techniques of the time
they were built, are damaged over time due to natural disasters, time-related deformations,
misuse, or deliberate destruction, and disappear if they are not preserved. Therefore, it has
become a universal issue to safeguard these structures, which are considered to be the common
heritage of humanity, with the right techniques and to pass them on to the next generation in a
secure manner. During the restoration process of historic buildings, the issue of how to repair
the damages that have occurred over time, as well as the selection of the appropriate
strengthening methods, is a sensitive one, and the reliability of these processes must be assured.
For this reason, it is necessary to determine the structural behavior before restoration works.
Erzurum houses, located in the Yegenaga neighborhood of Erzurum, can be given as an
example of the aforementioned historical buildings. For this study, finite element models were
prepared and structural performance analyses were performed on a historical structure that
exhibits a typical Erzurum house. Static, modal, and time history analyses were conducted to
evaluate the structural performance and seismic behavior of the building in the finite element
analysis phase.

Keywords: Historical Erzurum Houses, Structural Performance, Seismic Behaviour, Finite

Element Method, Static Analysis, Modal Analysis, Time History Analysis
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1. INTRODUCTION

Buildings have been constructed for thousands of years out of various materials, including
wood, masonry, concrete, steel, etc. One of the oldest types of buildings is the masonry
structure, which is considered to be the first example of civil engineering applications. These
buildings reflect the building materials and construction techniques of the time they were built,
but they are damaged with time due to natural disasters, aging, misuse, or deliberate destruction,
and disappear without preservation. Because of this, it has become a universal issue to safeguard
these structures, which are considered a common heritage of humanity, with appropriate
techniques so they can be handed down safely. The easiest and most effective way to protect
these structures and prevent their destruction is to ensure their continuous use. By using the
phrase "The conservation of monuments is always facilitated by making use of them for some
socially useful purpose™ (Venice Charter, 1964) in Article 5 of the Venice Charter, it is
emphasized that the preservation of historically registered structures will become easier with
continuous use. However, over time, it is very difficult to use and protect these structures with
their original purpose or functions. In line with the principle of preserving and keeping alive,
many historically registered buildings undergo changes over time due to changing needs and
conditions, or they are abandoned by losing their functional functions. Most of the buildings
that are out of use begin to be destroyed in a short time and disappear rapidly. During the
restoration process of historic buildings, the issue of how to repair the damages that have
occurred over time, as well as the selection of the appropriate strengthening methods, is a
sensitive one, and the reliability of these processes must be assured. For this reason, it is
necessary to determine the structural behavior before restoration works. It is possible to
examine the behavior of different engineering structures with traditional calculation methods.
However, due to their complex engineering properties and structural performances, classical
engineering calculations in historical buildings are time-consuming and inefficient. For this
reason, it is a more appropriate approach to prepare computer models of historical masonry
structures of large mass, complex and built with the use of many different building materials
and to analyze these models with computer programs. Thanks to its historical background and
geographical diversity, there are many historical buildings in Turkey. Masonry structures, one
of these building types can be built with smooth cut stone or rubble stone, timber-stone
combined or as a himis.

Himis construction technique can be thought of as a wooden frame and bracings with masonry
infill such as rubble stones, bricks, adobe bricks (Cakir et al., 2016). Examples of adobe fill and
brick fill used in traditional himis structures are shown in Fig. 1(a) and (b). The historical Bursa
Municipality Building, which is the oldest municipal building in Turkey, can be given as an
example of the himis construction technique (Fig. 2).
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Fig. 1. The use of (a) adobe fill and (b) brick fill
(Retrieved from https://santiyede.com/himis-nedir-himis-yapi-malzemeleri-ve-depreme-karsi-
dayanikliligi/ on 10.02.2022)

Hm‘ "y
“ Bt ‘“ ")*

Fig. 2. Traditional himis building with bracing elements and brick infill in Bursa
(Retrieved from https://www.bursa.com.tr/tr/mekan/tarihi-belediye-binasi-193/ on 10.02.2022)

The main focus of this study is to evaluate the current situation and structural performance of a
historical Erzurum house in one of the seismic areas of Turkey. Erzurum is located in one of
the most earthquake-prone regions of Turkey (Fig. 3).

TURKIYE DEPREM TEHLIKE HARITASI ue

Erzurum

Fig. 3. Seismic location of Erzurum Village in accordance with the earthquake hazard map of Turkey
(AFAD, 2018)
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2. HISTORICAL ERZURUM HOUSES

Erzurum, the meeting point of cultures and civilizations, has not only been a social, cultural and
strategic center throughout history but has also carried the cultural traces of all the civilizations
it has hosted until today. This city, which was founded on the historical Silk Road, has been an
important passageway between the East and the West and has hosted many different
civilizations. For this reason, it is possible to come across many historical buildings bearing the
cultural and architectural traces of different civilizations in the city center of Erzurum. One of
the most important examples of this cultural heritage is the historical Erzurum houses located
in many neighborhoods of Erzurum (Fig. 4).

Fig 4. Different examples of historical Erzurum houses
(Retrieved from https://erzurumsevdasi.com/erzurum-evleri/ on 10.02.2022)

These structures, which carry the unique cultural traces of Erzurum, have been passed down
from generation to generation and have reached the present day (S6zen, 2006). The design and
architecture of Erzurum houses generally differed according to climatic conditions, terrain and
local building materials, leading to the formation of different types of Erzurum houses.
Historical Erzurum houses are generally two or three-story structures made of stone, brick and
wood. In these structures, the exterior facades and load-bearing walls are usually made of cut
stone on rubble filling and the slabs between floors are wooden elements. In these structures,
where the smooth cut stone is generally dominant on the exterior facades, in some cases, there
may be a plaster coating on the rubble stone on the upper floors (Fig. 5). The windows and
entrance doors of the buildings are generally double-winged and the facades are detailed
differently by positioning them inside or outside the building with inlaid niches. Wooden stairs
are generally used in all of the houses and there are sofas under the windows in the rooms. In
addition, many and large windows are usually placed in the rooms to allow plenty of light and
air to enter the room.
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Fig. 5. Ground floor made of cut stone and first floor covered with plaster

During the construction of the old Erzurum houses, natural mortar mixtures and wooden
elements were used as connecting elements between the stones and it was aimed to provide the
best connection between the materials. While the ground floor of the buildings usually includes
parts such as cold rooms, cellars and woodsheds, the upper floors are used as bedrooms and
living areas. Although the buildings do not differ much in terms of usage and construction
materials, they differ in size according to the economic status of the families. Erzurum houses
offer very rich examples of civil architecture in terms of construction techniques, architectural
forms and ornaments in buildings. Therefore, it has become a universal issue to safeguard these
structures, which are considered to be the common heritage of humanity, with the right
techniques and to pass them on to the next generation in a secure manner. However, due to their
geometric forms and structural limitations, these historical buildings require higher protection
standards than other masonry structures and need to be examined in detail.

3. GENERAL INFORMATION ABOUT BUILDING AND STRUCTURAL
ANALYSES

This building in Erzurum Yegenaga neighborhood is one of the best examples of traditional
Erzurum houses. The building, which was used as a residence for many years, has been
abandoned and unusable today. The house, which is shaped according to the social structure of
its users, is a quite large and multi-roomed structure.

Advances in computer technology have facilitated 3-dimensional and numerical analysis of
structural performance. For this reason, the most suitable method for modeling and structural
analysis of historical buildings with complex and large geometry is numerical analysis with 3D
models. For this study, to determine the structural performance of a historical Erzurum house,
three-dimensional computer models of the house were prepared and structural analyzes were
made using ANSY'S Workbench program.

During the modeling phase, the survey, restitution and restoration projects prepared within the
scope of the restoration studies were taken as a basis and all models were prepared with the
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dimensions and details obtained from these projects. The parameters and assumptions made in
the finite element model and analysis are listed below:

¢ In numerical modeling and analysis, in order to better observe the stress variation in
slabs and load-bearing walls, the roof part of the structure is neglected and only its effect
as a load is considered.

¢ Due to the high altitude and heavy seasonal conditions in Erzurum city center, there is
a high rate of snowfall. For this reason, the snow load recommended in TS 498 (1.55
kN/m2) was added in addition to the own weight of the structure in the static analysis.

e While creating the model, the technical properties of the materials used in the building
were chosen from academic studies on similar structures.

¢ Inthe free vibration analysis, solutions were made in 12 modes and the first four modes
that most affected the structure were emphasized.

¢ Inthe dynamic analysis phase, time history analysis was performed using 1992 Erzincan
earthquake data.

e Since it is very difficult to show the analysis results at each node and each element, the
results are given with colored stress distributions and graphs.

The building is an important work of art with two floors. When a detailed structural examination
is made, deflections in wooden slabs, capillary and deep cracks of different sizes in the interior,
ruptures on plaster surfaces are observed (Fig. 6).

Fig. 6. Plaster spills and joint gaps observed on the second floor of the building

Especially on the first floor of the building, two large cracks start from the junction of the wall
and the ceiling and continue along the height of the wall (Fig.7 and Fig.8).
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Fig. 7. Deép structural crack in the walls Fig. 8. Wide separation in the wall

In the current state of the building, it is understood that these cracks are the problem that
threatens the structural safety the most due to the significant separation of the two walls from
each other. This crack, located in the area where the west wall meets the south wall, starts from
the top of the wall and goes down to the floor. In the measurements made in-situ, it was
determined that the width of the crack varies between 2 cm and 15 cm and the south wall was
separated from the west wall due to this crack.

3.1. Static Analysis

The structure is modeled in 3D using 42880 nodal points and 17918 solid elements (Fig. 9).

Fig. 9. Finite element model of the structure

First of all, static analysis of the historical house was carried out under its own weight and snow
load. According to the analysis, it is seen that the maximum displacement occurs in the vertical
direction and on the wooden slabs of the house, and the maximum displacement value reaches
18.66 mm (Fig. 10).
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Fig. 10. Maximum displacements observed in first floor ceilings and slabs (mm)

When the principal stress values occurring on the load bearing system and facades of the house
are examined, it is seen that the first principal stresses are concentrated around the windows
and on the upper parts of the windows, and the tensile stress reaches a maximum value of 0.80
MPa (Fig. 11). It is seen that the third principal stresses are concentrated in the sections where
the main walls and the slabs meet and also on the upper parts of the load-bearing walls, and the
maximum compressive stress reaches 2.49 MPa (Fig. 12). It is seen that the obtained stresses
show a uniform distribution and the stress concentrations are mostly concentrated around the
windows on the front facade and on the upper parts of the load-bearing walls. Furthermore,
tensile stresses occur in a narrow region at the midpoints of the slabs in the static condition.
This shows that the junction areas, window surrounds and slabs in the building are structurally
risky sections and that these sections are the sections that need attention during the restoration
phase.

0,22526

- 0.10966
-0,0059506
-0.12156
-0.23716 Min

Fig. 11. Tensile stresses (MPa) on the front facade of the structure
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Fig. 12. Compressive stresses (MPa) occurring in the upper parts of the load-bearing walls of the

3.2. Modal Analysis

structure

In the dynamic structural analysis of the Erzurum house, primarily modal analyzes were carried
out to determine the free vibration forms. Mode shapes and vibration periods, which are very
important for the structure and show the dynamic characteristics of the structure, have been
determined by modal analysis. Table 1 shows the frequency and mass participation rates of the
first four modes. Fig.13 shows the frequency values of all modes and Fig.14 shows the
deformations of the first four modes.

Table 1. The frequency values and mass participation rates of the first four modes

Frequency | Mass Participation Rate Mass Participation Mass Participation
Mode (H2) (X) (%) Rate (Y) (%) Rate (Z) (%)
1. 16.651 0.224344 0.930E-4 0.441561
2 22.546 0.325861 0.373E-6 0.165066
3. 25.107 0.145887 0.110E-4 0.548E-1
4 37.274 0.134E-3 0.633E-5 0.425E-2
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Fig. 13. The frequency values for all modes (Hz)

Fig. 14. First four mode shapes of structure
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3.3. Dynamic Analysis

Earthquakes are one of the most dangerous natural disasters in Erzurum and its surroundings.
Significant loss of life and goods has been experienced in the region, where many devastating
earthquakes have occurred until today. Old earthquake fracture surfaces on the Palanddken
slopes, changes in river flow directions, alluvium and underground water outflows at the
borders are indications that Erzurum has been exposed to many destructive earthquakes
throughout its history (Yarbasi & Bayraktutan, 2001). Many earthquakes with a magnitude of
7 occurred in the region, especially in 1939 and 1992 Erzincan, 1983 Erzurum, 1966 Varto, in
the years 1784-1861-1912-1924-1928-1952 (AFAD, https://tadas.afad.gov.tr/ ).

In this study, the dynamic analysis of the historical house was carried out using the time history
analysis method, taking into account the north-south acceleration component of the 6.8
magnitude earthquake that occurred in Erzincan on March 13, 1992 (Fig. 15).

fvme (em 52)

4(-) . . . ' A ' ' J
00 oS 10 15 20 25 30
Zaman (s)

Fig. 15. The north-south (N-S) component of the Erzincan earthquake (Time-Acceleration)
(Retrieved from AFAD, https://tadas.afad.gov.tr/ )

The results obtained from these analyzes show that the maximum horizontal displacements
occur in the sections where the front facade and the roof floor meet and the upper parts of the
first floor slab, and this displacement reaches a maximum value of 4,91 mm (Fig. 16).

0.54589
0 Min

Fig. 16. Horizontal Displacements (mm)
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The critical stresses obtained by this method are the tensile stresses in the lower sections of the
main bearing walls. These stresses reach a maximum value of 8,324 MPa (Fig. 17).

409
- 30313
- 19726
0.91391
-1.14478
-1.2035 Min

Fig. 17. Tensile Stresses (MPa)

The third principal stresses appear as compressive stresses and are concentrated in the lower
parts of the interior walls of the building, at the junction of the slabs and walls, and on the
windowsill. It is understood that the maximum compressive stresses in the sections reach 9,385
MPa (Fig. 18).

Fig. 18. Compression Stresses (MPa)
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4. GENERAL EVALUATION AND RESULTS

As a result of the examinations, it has been understood that the most risky part of the
structure in terms of displacement is the floors in the vertical direction and the roof in
the horizontal direction. Static and dynamic analyzes revealed that these points carry a
risk of deformation.

In the main walls, it is seen that the most risky parts are in the partition walls on the
upper floor of the building and there are stress concentrations at the upper points of the
walls and at the wall-slab connections.

With the effect of earthquake loads, lateral stresses occurred on the upper points of the
main walls and therefore deflections were detected in the walls towards the outside of
the structure.

Vertical stresses have occurred on the main walls of the building due to static effects
and therefore tensile stresses have occurred in the vertical section of the wall.

On the facades of the building, especially on the front facade, stress concentrations were
observed on the first floor and stresses were detected around the windows.

In addition, it has been determined that the stresses are more concentrated in the support
points of the load-bearing walls in the interior of the building, and these parts are the
areas that need the most attention in terms of the performance of the building.

The most important damage in the structure is the deflections in the slab and the deep
cracks observed in the interior walls. To solve these problems, it is necessary to remove
the slab, re-make the necessary places and strengthen the load bearing system.
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ABSTRACT

In this study a numerical model for a solid rotary jet engine fan blade is developed for the
investigation of mechanical response to bird strike under various operation conditions. The
thickness of the blade structure is investigated bird impact using meshless particle model. In
the presented study the Smooth Particle Hydrodynamics model is implemented for the bird
model. The blade is considered to be Johnson-Cook plastic deformation model to address the
large strain and high strain rates. The deformation of blades under bird impact is high
susceptible to the thickness of the blades. The conclusion presented in this study could provide
guidance to design engineers for airworthy and anti-bird strike engine blades.

Keywords: Jet Engine, Blade, Bird strike, SPH, Meshless Methods

INTRODUCTION

The bird strike incidents have been one of the challenging danger to the flights. The Federal
Aviation Administration (FAA) reported that nearly $400 million in damage for the US and
$1.2 billion worldwide annually (Hou et al., 2019). According to International Bird Strike
Committee during the period of 1912 and 1995, 42 fatal accidents occurred killing 231 people.
The risk of bird strike has increased by the extensive use of high speed turbojet engines. The
forward-facing aircraft components such as propeller, windshield, cockpit, fuselage, wing
leading edge landing gear and the engine should be evaluated carefully for bird strike
robustness. One of the most vulnerable parts of an aircraft to bird strikes is the engine. The
engine parts such as inlet fan and the primary compressor rotor are the most vulnerable parts of
the engines for bird strikes. The blades may be permanently deformed and ruptured, resulting
significant damage in the impeller shaft, the casing and even fan blade-out. Birds strikes occur
at any random location of the engines with different incident angles. Even minor damages cause
long maintenance time increasing the costs and delay times. However, the bird strike can cause
a surge of the engine by permanent deformation and rupture. the surge in the engine can cause
the breakdown of the impeller shaft, perforation of the containment structures, and even a fan
blade-out. According to the study of Sinha and Dorbala (Sinha & Dorbala, 2009), a blade-out
results-in some parts to reach the fuselage causing danger for crew and passengers. Hence, FAA
introduced regulations for anti-bird-strike the airworthiness of the jet engines due to bird strike.
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FINITE ELEMENT MODEL

There are couple finite element methods are generally employed in bird strike problems. The
Lagrangian models are employed in structural applications. In this approach, finite
discretization is associated with the material and elements moves accordingly with the
deformed material. Hence, Lagrangian approach causes severe problems when there are large
deformations occurring during the finite element analysis due to distortions of elements
exceeding the allowable limits, hourglassing and reduced time steps and even termination of
the analyses. One of the other approaches that is extensively used in finite element analysis of
bird strikes is the Euler approach. According to the Euler method, the mesh remains unchanged
while materials are allowed to flow outside of the mesh. Since mesh does not deform with the
material, Euler formulation is suitable for large deformation analyses. Smoothed Particle
Hydrodynamics (SPH) belongs to the particle-based model and is relatively young compared
to other traditional mesh-based methods. SPH is a meshless formulation and very effective in
simulations where mesh-based methods are not sufficient. In the provided study, the bird is
modeled with SPH model. This approach is effective since Wilbeck (Wilbeck, 1977) showed
that the stresses during the impact well exceed the tissue strength hence birds behave as fluids
with negligible viscosity. The body material is defined by so-called particles or pseudo-particles
which are assigned properties such as mass, pressure, density, temperature, and velocity. In the
presented study linear Us-Up Hugoniot form is implemented as the equation of state is adapted
for bird model. Generally, cylinder, semi-spherical ended cylinders, and ellipsoids geometries
are adapted for the bird shape. In the current study semi-spherical ended cylinder is used for the
geometry of the bird. The cruising speed of aircrafts are around 150 m/s and 200 m/s at low
altitudes hence in the numerical analyses a velocity of 170 m/s (L1U et al., 2018). Barber et al.
(Barber et al., 1978) investigated numerous bird species to determine bird mass density and
demonstrated a density of 950 kg/m3 can be utilized as the bird mass density.

FAN AND BLADE MODEL

In the present study, a standalone blade of the turbojet intake fan is subjected to bird strike with
a velocity of 178 m/s. the fan blade is assumed to be a typical design for a commercial turbofan
engine. Although some of the commercial turbofan engines are designed to have hollow blades,
for simplicity the blades are considered to be solid structure without any hollow space. The
thickness of the blades is considered to be constant throughout the blade geometry. Hence the
profile of the blades does not have airfoil structure. In the presented study, main goal is to
investigate the stressed and deformation endured during the bird strike, neglecting the wave
propagation through the blade thickness. Therefore, the shell elements are employed for
modeling the blade structure with constant thickness.

The deformable blades of the is assumed to be titanium alloy Ti-6Al-4V (TC4). The effects of
large strain rate, and high strain rate effected is taken into account for the transient impact
loading by employing Johnson-Cook (JC) constitutive law. The material model for blades is
expressed as below neglecting the temperature effects of JC model.

o= (a+be™)(1+ clne¥) Q)
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In above equation, £ a non-dimensional plastic strain rate determined byé/é&,, € true plastic
strain rate, and &, reference strain rate which usually equals to 1s~1. a, b,n, and c are four
determined parameters where a quasi-static yield stress, b initial hardening modulus, n work
hardening coefficient, and c strain rate dependency coefficient. In this study the failure criteria
is omitted hence no failure criteria is imposed in the analyses.

For the simplicity, single blade is used for the analyses instead of whole turbofan engine fan.
The single blade is constrained for all directions at the hub side while all other degrees of
freedom in all directions are all set free to move. The impact velocity of the bird is selected to
be 225 m/s and the impact point is set at the middle of the blade. Moreover, the axis of the bird
is aligned with the velocity. A penalty contact is enforced for the interaction of bird and blade
to achieve smooth particle dynamics where particles are slave nodes. There is one blade under
consideration, hence the contact algorithm addresses the bird-blade contact.

Table 1 Material properties employed in analysis

Properties Values
p (kg/m3) 4440
E (GPa) 114
v 0.33

a (MPa) 891.5
b (MPa) 630.1
n 0.547

c 0.034

RESULTS AND DISCUSSION

During the impact of bird into the hard surface, bird behaves like fluidic particles. As the bird
hits the blade, particles splash as in Fig. 1. The von Mises stress contours of the 5 mm thick
engine blades are illustrated in Fig. 2. As the bird interacts with the blade stress contours
changes accordingly. At the 0.005 ms, the bird initiates contacts with at the closest point of the
blade. Bird particles start to splash as time progress and split into two pieces. Most of the bird
material slides along the blade profile and are reflected while remain portion of the bird moves
underneath the blade. Initial stresses occur at the contact area where bird touches the blade. As
the bird slides further the stresses start to move as well for slender designed blades. However,
for thick blades most of the stresses occur at the bending area of blades that is located to hub
connections. The blade continues free vibration of bending and twisting due to the stress wave
propagations. The deformation of blades with thicknesses 1 mm, 3mm, 5 mm, and 7 mm at the
end of the bird impact are illustrated in Fig. 4. The deformation and displacement of the engine
blades are affected significantly even though all other parameters are kept same. The
displacement of the tips of blades with various thicknesses are shown in Fig. 5. The tip
displacements of blades well exceed the admissible range of deflection in the engines. This
amount of deformation and displacement may lead interaction of the blade with other
neighboring blades causing catastrophic failures of engines and jeopardizing the flight safety.
Therefore, the engine blades should be designed with resilient and strong materials with proper
thicknesses not to exceed the tolerances in the engine housing.
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Figure 4Bird splash during a strike

Figure 5. Von Mises stress of a blade with 5mm thickness

Figure 6 The bird splash and von Mises stress of a blade with 7mm thickness
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Figure 7 Deformation of blades at the end of strikes of (a)=1mm, (b)=3mm,(c)=5mm, and (d)=7mm thicknesses
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ABSTRACT

Intrusion detection systems (IDSs) are used extensively to protect computer networks from the
network related cyber attacks. The goal is to detect intrusions when data is transmitted across
the internet. Current IDSs are mainly using signature and anomaly based detection approaches
when detecting attacks in the communication networks. In this paper, we proposed machine
learning based methodology to detect intrusions in computer networks. The proposed approach
consists of 3 stages: data collection, feature selection, and classification. For experiment NSL-
KDD and CIC-DD0S2019 datasets are used. Most significant features are selected by using the
Correlation Coefficient. For classification Bagging, C4.5 (J48), RandomTree, AdaBoost, and
Bayesian Network (BN) are used. The proposed methodology selected 12 features among 41
features for NSL-KDD dataset, and 24 features out of 87 features for CIC-DD0S2019 dataset.
The best accuracy results are calculated 99.8% for the CIC-DD0S2019 dataset, and 96.6% for
the NSL-KDD dataset.

Keywords- Cyber security, network security, intrusion detection systems, machine learning

1. INTRODUCTION
These days, most of the individuals and corporate data is accessible in a digital environment.

Since the sensitive data is easily accessible through the Internet, the protection of critical data
becomes a serious concern. Cyber attacks related to networks are increasing rapidly. These
attacks can be categorized as reconnaissance, denial of service (DoS), man in the middle, and
social engineering attacks. These attacks are changing their execution traces to bypass firewall,
antivirus software, and intrusion detection systems (IDSs) [1]. Because of this evasion, it is
difficult to defend computer networks when data is being transmitted.

To protect computer systems as well as computer networks from the attacks, the IDSs are used
for many years. There are generally two major categories to detect intrusion, namely, signature-
and anomaly-based detection. Even though signature-based detection works pretty well to
detect known network attacks, it fails to detect zero-day attacks [2]. To detect new versions of
the network attacks, anomaly-based detection is used extensively.

This study uses machine learning (ML) techniques to find intrusions in communication
networks. In recent years, ML techniques are widely used in cyber security. ML techniques are
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used for feature selection as well as in learning stages [3]. This provides a way to make a
machine to detect intrusions by itself and give a chance to detect unknown attacks efficiently.

To effectively detect intrusion for current 1DSs, we first collected appropriate datasets through
the internet. Then, selected the most significant features by using the Correlation Coefficient
measure. Finally, we used ML algorithms including Bagging, J48, RandomTree, AdaBoost,
and BN for separating attacks from the normal network traffic.

The rest of the paper is organized as the following: Section 2 explains the intrusion detection
systems. Section 3 reviews the related work. Proposed methodology is expressed in section 4,
and results and discussion is explained in section 5. Finally, the conclusion and future research
directions are given in section 6.

2. INTRUSION DETECTION SYSTEMS (IDSS)
An intrusion detection system (IDS) monitors the network traffic flows to detect intrusions in

the computer networks. The goal of the IDSs is to detect attacks before they damage the real
machines. The IDSs vary based on the technologies used and the types of attacks that have been
recognized. Typical IDSs should provide the following functionalities: collecting information,
identifying important events, raising alerts, and generating reports.

There are mainly two types of IDS: host-based (HIDS) and network-based (NIDS). While the
host-based IDSs are installed on independent hosts, network-based IDSs are located in the
strategic points on the network. HIDS takes a snapshot of system files on the host and checks against
the previous snapshots. If the important system files are deleted or edited in the host, an alert is sent to
the administrator for further investigation [4]. In HIDS, for monitoring and management consoles are
used. On the other hand, NIDS monitors the entire subnet for intrusions. When attack signatures of
known attacks or abnormal behaviors are identified, it raises an alarm, and an alert is sent to the
administrator. NIDS comprises sensors, database servers, management servers, and multiple consoles

[5].

3. RELATED WORK
There have been several studies on IDSs. Kayacik et al. proposed a network intrusion detection

system based on SOM (Self-Organizing Map) [6]. Authors used direct labeling of SOM nodes
with connection type. The overall classification is measured as 89%. A Flow-based intrusion
detection was proposed on a Multi-Layer Perceptron [7]. Paper investigated Gravitational
Search Algorithm (GSA) performances in optimizing interconnection weights of a MLP. The
proposed method was trained with a flow-based dataset. The trained system could classify
benign and malicious flows with 99.43% accuracy.

A Deep Neural Network (DNN) for anomaly detection proposed by Tang et al. [2]. They used
six basic features namely: protocol _type, src_bytes, dst_bytes, attacks duration, count, and
srv_count. For the experiment input layer, 3 hidden layers and output layer were used.
According to the paper, the suggested approach outperformed NB, SVM, and Decision Tree
when using the same number of features.
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A new feature selection method for current IDSs was proposed by our previous study [8]. The
proposed method consists of 2 main stages: feature selection and detection. In the feature
selection stage, we grouped the features and assigned a threshold value for attack and normal
traffic. The features above the threshold value were removed from the dataset. Then, signature
and anomaly based approaches were used for classification. By using basic features in the
dataset, signature rules were determined. The signature rules detected the majority of the
intrusions. For the rest of the attacks and normal traffic, a proposed anomaly-based method was
performed. In this stage, behavior analysis was performed to identify the abnormal behaviors.
In this case, content based features are used in the dataset. The proposed method was applied
on KDD’99 dataset, and performance of %99.81 accuracy was obtained.

Several different methods are proposed in the literature to detect attacks in the communication
networks. Even though these methods are successful to detect well-known network attacks and
some zero-day attacks, they are not good enough to recognize well prepared network attacks.
In this study, we aimed to achieve better results by applying machine learning techniques to
separate attacks from the normal network traffic.

4. MATERIAL AND METHOD
This section consists of 4 different subsections including proposed methodology, dataset

collection, feature selection, and performance evaluation.

[ NSL-KDD and CIC-DD0S2019 datasets ]

v

(Preprocessing stage)

hd

Feature selection using
Correlation measure

I

—
Selected Features

A

Machine Learning Algorithms

e

Figure 1. Intrusion detection methodology
4.1 Proposed Methodology

The proposed methodology architecture can be seen in figure 1. In this study we collected
normal and attacks network traffic data from the datasets NSL-KDD and CIC-DD0S2019. The
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collected datasets are first cleaned in the pre-processing stage to eliminate inappropriate
features for our model. Then, we performed the feature selection stage by using Pearson
Correlation Coefficient measure. Finally, classification is performed for selected features. For
classification ML algorithms including Bagging, J48, RandomTree, AdaBoost, and BN are
used. In the classification stage, attack traffic is separated from the normal network traffic.

4.2 Dataset Collection
For the experiment, NSL-KDD and CIC DDo0S2019 datasets are used. These datasets are

downloaded from the online websites and used for learning and test cases. The detail of each
dataset is explained as follows:

1)

2)

NSL-KDD Dataset: To evaluate research project related to intrusion detection,
KDD Cup '99 dataset was released in 1999 [9]. The NSL-KDD dataset is an updated
version of its predecessor KDD’99 dataset. Several researchers used the NSL-KDD
dataset to test their proposed IDSs. There are 125,973 network traffic samples in the
KDDTrain+ dataset and 22,554 network traffic samples in the KDDTest+ dataset
[2, 5, 9]. Each traffic sample has 41 features from 4 attack categories including DoS
(Denial of service), R2L (Root to local), U2R (User to root), and Probe (Probing).
CIC-DD0S2019 Dataset: DDoS evaluation dataset (CIC-DD0S2019)
released in 2019 and contains recent DDoS attacks and normal network traffic

[10]. The dataset was built based upon the HTTP, HTTPS, SSH, FTP and
email protocols. There are different datasets including DrDos_NTP.csv,
DrDos_DNS.csv,DrDoS_LDAP.csv,DrDoS_MSSQL.csv,DrDoS_NetBIOS.

csv, DrDoS_SSDP.csv, etc. There are 87 features and hundreds of thousands
instances in each dataset.

The proposed methodology is tested on the NSL-KDD dataset with 41 features
and 22.396 instances. The proposed methodology is also tested on 6 files of
CIC-DD0S2019 datasets. We used 87 features with 1648 instances. Figure 2
and figure 3 show the first 22 features in the CIC-DD0S2019 dataset after the
preprocessing stage is performed.
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Figure 2. Shows first 22 features names in analyzed CIC-DD0S2019 dataset
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Figure 3. Shows first 22 features values in CIC-DD0S2019 dataset

4.3 Feature Selection
To prepare datasets for our model, the pre-processing stage is performed to eliminate redundant

and inappropriate features. In this stage, we removed some features from the NSL-KDD and
CIC-DD0S2019 datasets. After that, we performed a feature selection stage to select the best
features to represent related datasets. We first used a filter approach to select the features, and
then performed classification.

To specify the most significant features, a Correlation Coefficient measure is used. Correlation
Coefficient identifies the relationship among the variables and selects the most related features
in the dataset. We used Pearson Correlation Coefficient to select features. During the feature
selection, we eliminated 63 features for the CIC-DD0S2019 dataset, and 29 features for the
NSL-KDD dataset. We used 24 most significant features for the CIC-DD0S2019 dataset and
12 most significant features for the NSL-KDD dataset.

4.4 Performance Evaluation

To show the proposed methodology performances, we calculated detection rate (DR), false
positive rate (FPR), and accuracy by using the confusion matrix (Table 1). 10-fold cross-
validation is used for classification. DR, FPR, and accuracy are calculated as follows:

Detection Rate = TP/ (TP+FN) 1)
False Positive Rate = FP/ (FP+TN) (2)
Accuracy = TP+TN/ (TP+TN+FP+FN) 3)
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Table 1. Confusion Matrix
Predicted Class
Yes No
Actual Yes TP FN
Class No FP N

5. RESULTS AND DISCUSSION

The proposed methodology performances on selected datasets are given in table 2, table 3,

figure 4, and figure 5.

Table 2. Machine learning classifiers DR and FPR on CIC-DD0S2019 dataset when
Correlation Coefficient is used as a feature selection measure

ML Algorithms DR (%) FPR (%)
Bagging 99.9 0.8
J48 99.9 1.3
RandomTree 99.6 2.5
AdaBoost 98.9 6.8
BN 97.5 0

Table 3. Machine learning classifiers DR and FPR on NSL-KDD dataset when
Correlation Coefficient is used as a feature selection measure

ML Algorithms DR (%) FPR (%)
Bagging 96.1 2.5
JA8 95.8 2.5
RandomTree 95.9 2.8
AdaBoost 90.6 14.2
BN 77.2 4.3

In table 2, performances of ML algorithms on the CIC-DD0S2019 dataset are presented. It can
be clearly seen that the DR rate is very high while FPR is low. Most of the classifiers’ DR is
measured about 99%. For instance, for Bagging DR is obtained 99.9%, for J48 and RandomTree
DR calculated as 99.9% and 99.6%, respectively. For AdaBoost and BN similar DR are
obtained. In table 3, performances of ML algorithms on the NSL-KDD dataset are presented.
The performance measured on NSL-KDD dataset is satisfactory as well, but lower than
performance obtained from the CIC-DD0S2019 dataset. This is because the NSL-KDD dataset
is pretty old, and does not contain new network attacks. However, during the classification we
used 24 features for the CIC-DD0S2019 dataset, and 12 features for the NSL-KDD datasets.
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Figure 5. ML algorithms accuracy on NSL-KDD dataset

The accuracy rate of proposed methodology presented in figure 4 and figure 5. Figure 4 shows
the ML algorithm's accuracy on the CIC-DD0S2019 dataset. On the other hand, figure 5 shows
the ML algorithm's accuracy on the NSL-KDD dataset. It can be clearly seen that the accuracy
rates are pretty high. For instance, for Bagging, J48, RandomTree, Adaboost, and BN accuracy
are measured as 99.8%, 99.6%, 99.3%,98.1%, 97.8% for CIC-DD0S2019 dataset, respectively.
In the same manner, accuracy for the NSL-KDD dataset is measured as 96.6%, 96.5%, 96.4%,
88.5%, 85.1% for the same algorithms, respectively.

6. CONCLUSION AND FUTURE RESEARCH DIRECTIONS
These days, IDSs are used widely to detect intrusions in communication networks. However,

some smart cyber attacks are using advanced evasion techniques to disguise the detection
systems. In order to detect intelligent attacks efficiently, we proposed a methodology which
relies on machine learning techniques. The proposed approach consists of 3 stages: data
collection, preprocessing and feature selection, and classification. For experiment NSL-KDD
and CIC-DD0S2019 datasets are used. Correlation Coefficient is used for feature selection, and
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Bagging, J48, RandomTree, AdaBoost and BN classifiers are used for separating intrusions
from the normal network traffic. The proposed methodology selected 12 features among 41
features for NSL-KDD, and 24 features out of 87 features for CIC-DD0S2019. The best DR
and FPR are measured as 99.9%, 0.8% for CIC-DD0S2019 dataset, and 96.1%, 2.5% for NSL-
KDD dataset which is pretty high when it is compared with state-of-the-art studies in the
literature. As a feature work, we would like to propose a new feature selection algorithm and
test the proposed algorithm on more datasets.
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Abstract

In the heart of the global pandemic, the use of digital technologies has further increased and
still increasing in order to support us globally in the fight against COVID-19 pandemic. Though
before the existence of the present COVID- the health, education, social and economic,
entertainment industries are the major sectors known for wide utilization of emerging
technologies for effective and productive engagements globally. Now the Covid-19 pandemic
has resulted to a wide utilization of digital technologies as a result of the social distancing norms
and nationwide lockdowns proposed as to manage the situation and further prevent rise in cases.
As we already know that almost all sectors were crippled with no function including economic
sectors. In order to still serve clients and customers around the locality people and organizations
globally have had to adjust and find a new and better ways of work and life for quick adaptation
and further to grow economics. Therefore, we explore possible digital innovation approach and
its contribution to manage economics during pandemic. An increase in digitalization is leading
firms and educational institutions to shift to work-from-home (WFH). We emphasize on the
relevancies of digital innovative approach to other sectors too. However, the regulation of the
internet, a key resource, will be crucial post-pandemic. Digital money, too, assumes importance
in crisis situations and research will address their adoption, consequences, and mode. Aspects
of surveillance and privacy gain importance with increased digital usage. According to the State
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of Broadband 2019 Report, although internet user penetration rate is 51.2%, it is only 45% in

developing countries and 20% in least developed countries. Therefore, more work is needed to

be done in order to make digital technologies more accessible globally for implementation in

other sectors apart from health and economics sectors as reviewed in the present work.

Keywords: COVID-19, Digital technologies, Economics, Health, Pandemics

Evaluation of Digital Innovation Approach & Its Contribution to Economic Growth
During COVID-19 Pandemic

1. INTRODUCTION
In just a few months’ time, the COVID-19 crisis has brought about years of change in the way

companies in all sectors and regions do business. According to a new McKinsey Global Survey
of executives, their companies have accelerated the digitization of their customer and supply-
chain interactions and of their internal operations by three to four years [1]. And the share of
digital or digitally enabled products in their portfolios has accelerated by a shocking seven years
[2]. Nearly all respondents say that their companies have stood up at least temporary solutions
to meet many of the new demands on them, and much more quickly than they had thought
possible before the crisis. What’s more, respondents expect most of these changes to be long
lasting and are already making the kinds of investments that all but ensure they will stick. In
fact, when we asked executives about the impact of the crisis on a range of measures, they say
that funding for digital initiatives has increased more than anything else—more than increases

in costs, the number of people in technology roles, and the number of customers. To stay
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competitive in this new business and economic environment requires new strategies and
practices. Their findings suggest that executives are taking note: most respondents recognize
technology’s strategic importance as a critical component of the business, not just a source of
cost efficiencies. Respondents from the companies that have executed successful responses to
the crisis report a range of technology capabilities that others don’t—most notably, filling gaps
for technology talent during the crisis, the use of more advanced technologies, and speed in

experimenting and innovating [3].

2. ADOPTION OF DIGITAL TECHNOLOGIES DURING PANDEMIC
During the pandemic, consumers have moved dramatically toward online channels, and
companies and industries have responded in turn. The survey results confirm the rapid shift
toward interacting with customers through digital channels. They also show that rates of
adoption are years ahead of where they were when previous surveys were conducted—and even
more in developed Asia than in other regions [1-2]. Respondents are three times likelier now
than before the crisis to say that at least 80 percent of their customer interactions are digital in

nature.

3. EFFICIENT IMPLEMENTATION OF INNOVATIVE DIGITAL
TECHNOLOGIES: AKEY TO VARIOUS SERVICES DURING PANDEMIC
In as much our various activities are still affected as a result of pandemic, there is need to think
outside box to be able to at least run normal life services. The effect of pandemic is everywhere
and has badly affected public services globally. Therefore, it is important to deploy arsenal of
digital technologies to address the recent global outbreak. Most of these technologies are
healthy to e-market have been employed recently by private organizations. Since evident results
are seeing from their end it is important other sectors swing into action to mitigate the effects
of pandemic through the use new technologies such as artificial intelligence (Al) and robotics
to ensure resume of an effective provision of public services. Al-powered technology has
proven to be important in health care services. During the outbreak, many people have turned
to self-checks for symptoms and accessed “virtual doctors’ through telemedicine to get
medical advice. Therefore, with good results from health sector, our economic sector can
replicate better results using digital technologies to revive our standstill economies globally.
Online shopping and various financial transactions are bound to be successful through digital
technologies. However, the clients must equally exercise patience and apply cautions while
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making online transaction to prevent fraudulent activities being carried out on their bank card

as fraudulent cases are also on high increase recently, their client privacy is important and must
be protected [4].

4.

EXPLORING POWER OF DIGITIZATION DURING PANDEMIC FOR
ECONOMIC GROWTH

In order to increase the power of digitization to mitigate the pandemic disruption, the digital

infrastructure sector needs to re-examine some of the digital sector basic fundamental premises
that were held before COVID-19 [5]:

*
L X4

X/
L X4

X/
L X4

It is important for governments to learn from these hard lessons and take concrete,
actionable measures in the telecommunication sector to enable the private operators to
provide universal access to quality digital infrastructure networks for all and support the
development of a digital economy.

Governments should take a much broader, holistic view of investment in high-speed
broadband networks, considering the economic, social and environment/climate
benefits and costs of investment.

Regulatory frameworks may need to be adjusted to stimulate investment whilst
maintaining a “sensible” level of competition, shifting from a “purist” to a “pragmatic”
viewpoint on State aid regulations.

It is paramount for governments in emerging markets to keep making progress on digital
infrastructure regulation, particularly pertaining to shared infrastructure.

The roundtable experts argued that COVID-19 could be a window of opportunity to
drive digital transformation in sectors which have not promoted it in previous decades.
Similar to the effect of SARS in China in 2003 which triggered the tremendous growth
in e-commerce, new production modes would emerge. As a result, COVID-19 could
become a catalyst for the adoption of digitization in sectors where it had not occurred
before, especially in more business-oriented applications

THE ROLE OF DIGITAL TECHNOLOGIES IN FINANCIAL INSTITUTIONS
DURING PANDEMIC

During the COVID-19 pandemic, financial services are rapidly evolving and transforming their

digital business models, with new circumstances. This has, at times, required some leapfrogging

through banks' digital transformation agendas. This posed challenges as well as opportunities
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in the financial services sector, where banks, in close alignment with the Swiss government,

had to: I. execute the provision of a large amount of credit facilities [6];

II. adapt offerings in support of clients’ needs and changed behaviour; and introduce fast,
flexible

I1. effective measures to keep operations and services stable.

During the crisis, banks' clients changed their behaviour overnight and often by brute force,
reflecting adaptions to restrictions and health and safety requirements. Rapid increases occurred
in digital opening of new relationships (up over 70%), registration and usage of mobile pay
applications (up over 80%), and usage of contactless payments (up over 30%). These increases
corresponded with the reduction of physical client meetings. At the same time, the setup of
organizations themselves had to be digitally amended to reflect remote working,
communication and client service. Rapidly increasing the amount of remote working
arrangements with the majority of employees in Switzerland working from home, while also
keeping the level of client service consistent, represented a significant operational challenge for
the financial services industry. This experience helped organizations identify the
transformational potential of digital channels and digital operational setups, as well as the
importance of new value creation from data and analytics. The following are concrete examples
from a Swiss perspective of how digital solutions, data and analytics can be used to create value

in financial service organizations [6]:

1. Meet regulatory and legal requirements: Data analysis helps organizations meet legal
and regulatory requirements more efficiently. Machine learning is used to detect deviations
in client and transaction profiles. Clients with large and complex needs bear an increased
level of operational risk such as Anti-Money Laundering (AML)/Know Your Customer
(KYC) checks, which can be managed with holistic client and transaction review tools. This
allows organizations to identify risks with increased speed and quality, and helps make
complex data patterns available to larger audiences through enhanced visualization.

2. Protect clients by identifying conspicuous or fraudulent transactions: In order to protect
clients’ asset, it is important for the financial institutions to engage in value-adding
successful fraud strategy to effectively shield their client from fraudulent activities
emanating from credit card transactions using artificial intelligence (Al) with real-time data
analytics as an early warning system. With applications of a digital system, analyzing a
variety of variables can systematically help in evaluation of fraudulent activities on credit

card transactions and, if anything contrary is suspected instant request from client should
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be used for verification of authenticity of the transaction to protect the client and to further
ensure safety of their asset in their custody. With effective use of machine learning (ML)
client feedback data can be equally modeled for better safety and prevention as this will
simply limit losses via fraud cases. At this critical period that the entire globe in facing
COVID-19 with various variants introduction and application Al is significantly important
for prevention related fraud activity levels up by more than 40% compared to pre COVID-
19 levels.

3. Boost operational efficiency: To improve efficiency utilization and combination of
automation and data analysis are ultimately important to discharge better and satisfactory
financial services to the clients. Under fierce conditions, the full power of robotics has been
revealed at its best. In order to support small and medium-sized companies (SMEs) tackling
the challenges posed by the pandemic, some banks such as Swiss banks swung into action
via collaboration with the Swiss government with establishment of department in charge of
lending scheme to help various companies to boost their financial status during pandemic.
This further help in strengthening the SMEs with support of liquidity without any issue of
delay. Robots were also employed for delivery which facilitated the task force in to enhance
in the processing of credit facility requests of the clients. With this support, over 24,000
applications were processed in 24-hour operating mode, at times representing up to 100
virtual workers. This was achieved as a result of digital innovation.

4. Serve clients better through data and analytics: Across the globe, banks and some
financial institutions have invested seriously in the previous years as means to productively
add value to their customers while improving on their services using advanced analysis to
better their portfolios, investments and advisory services. To better do well feedbacks from
their clients are also critical to the overall experience with better quality interactions.
Therefore, with this, digital solutions and data and analytics possess effective channels to
increase the relevance and efficiency of client communications and tailor financial services

better to clients' needs.

6. CONCLUSION
Pressures emanated from the COVID-19 pandemic has recently pushed both governmental and
NGO toward effective use of digital technologies in order to adequately address the crisis in the
short-term, resolve socio-economic repercussions in the mid-term and reinvent existing policies
and tools in the long-term to resume normal life and daily activities disrupted by pandemic.

This challenging season demand that various sector should embrace the use of digital
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communication pathways to ensure easy access to provide reliable information and services on
global and national COVID-19 developments. As a result, e-participation platforms have been
established to provide required services in various sectors to meet up with the clients” demands
via digital initiatives to collectively brainstorm for policy ideas to significantly enhance smooth
services toward social and economic activities. Effective public-private partnerships, through
sharing technologies, expertise and tools, can support institutions in enhancing the economic
growth and rebuilding our societies. Moreover, developing countries, in particular, will need
international cooperation and support in mitigating the existing crisis. Therefore, regional,
national and local project-based collaborations with private sector companies, international
organizations and other stakeholders are necessary. Investments in these technologies can
tremendously support the future resilience of the economic growth.
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Abstract

There is urgent action globally toward pursuit of SDG by 2030, to achieve the target attention
is given to the threats of open defecation (OD) to human health and self-respect, and the
environment. From published reports, at least a quarter of Nigerians (25.1%) or about 46 million
people were recorded in 2015 for engaging in OD. As a result of this Nigeria was ranked 3™ in
the world in OD prevalence after India and China. This is a serious issue that call for quick
action by all to put an end to OD. According to the reports, three major factors: socio-economic,
demographic and geographic were reported as factors that influence and determine the practice
of OD among Nigerian households. Continuous practice of OD may result to prevalence of
water borne diseases in 771 Local Government Areas of Nigeria. There is need for National
Orientation Agency (NOA), Environmental Protection Agency (EPA) and other concerned
departments to begin to sensitize the public about the implication of OD and also Federal
Government should rise to provide adequate funds to the states and local Governments to
construct public toilets in order to be able to effectively address OD and its effects on SDG-3
(Good Health and Well-being), SDG-6 (clean water and sanitation for all) and also negative
impacts on our economics. “The Federal government has developed a road map to end open
defecation. If state governments adopt the road map, domesticate and fund it, the country will

be looking forward to achieving open defecation free. Serious budgeting allocation should be
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made available to a minimum of 1.7 per cent from the current 0.6 per cent GDP, as this would
meet the SDG by 2030. The country will only beat the target by making an investment of $8
billion annually until 2030 as reported.

Keywords: SDG-#3, SDG-#6, sanitation, Open defecation, public health, Water

‘SANITATION
SUSTAIN CLEAN
ENVIRONMENTS”

1. INTRODUCTION

Recently the World Health Organization (WHO) and United Nations Children’s Fund
(UNICEF) have started sensitizing the public about the implications of open defecation (OD).
Moreover, the experts on issues of environmental and designs are also warning the public
against this act that has mostly seen in some regions in Africa. Health officers, environmentalist
etc. have recently warned people on act of disposing human wastes in an open place as this
constitute negative implication on our environment and eventually affect our health status.
Therefore, with adverse effects currently reported WHO and UNICEF have encouraged the
concerned authorities to wake up to responsibilities with campaign again this unhealthy act [1-
2] Open defecation is defined as the practice of defecating in open fields, waterways and open
trenches without any proper disposal of human excreta. The term “open defecation” is credited
to the publications of Joint Monitoring Program (JMP) in 2008, a joint collaboration of World
Health Organization (WHO) and United Nations International Children’s Emergency Fund
(UNICEF) to evaluate the global progress on water and sanitation goals. Open defecation is
classified as unimproved sanitation. Achieving open defecation free (ODF) is one of the first
steps towards attaining adequate sanitation, as the Joint Monitoring Programme (JMP) ladder
for sanitation, has OD at the bottom of the ladder [3]. The practice of OD has several
implications, as it pollutes both surface and groundwater sources, which facilitates the

transmission of pathogens that cause waterborne diseases, especially diarrhea [4]. Diarrhea
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disease is a leading cause of death among children, especially below the age of five. It has been
estimated that diarrhea causes 800,000 deaths yearly from about 1.7 billion reported cases
worldwide [5], making it the second leading contributor to the global burden of disease, as

measured in disability-adjusted life years [6].

2. OPEN DEFECATION PROBLEMS IN NIGERIA

There are several sanitation and hygiene issues facing us in Nigeria and open defecation is
perhaps one of the biggest and most embarrassing. According to the World Health Organization
and UNICEF’s joint monitoring report, one in four Nigerians — about 47 million people —
practise open defecation, making Nigeria the number one country worldwide on the open
defecation ranking. Due to this, children most especially, are at risk of diseases such as cholera,
polio, typhoid, Ebola, malaria and so on. More than 100,000 children under five years of age
die annually due to diarrhea.

The Federal Government in May 2020 inaugurated a steering committee which established the
“Clean Nigeria: Use the Toilet Campaign”, working in conjunction with the private sector to
end the practice of open defecation by 2025. One of the key goals of OPS-WASH is to support
the Federal Government, working with corporations and like-minded individuals to eradicate
open defecation in Nigeria and to encourage the use of hygienic water and toilets in our

environment both in rural and urban centers in Nigeria.

2.1.President Buhari signs Executive Order 009 to end open defecation by 2025
President Muhammadu Buhari on Wednesday, 20" November, 2019 signed Executive Order

009 to end open defecation by 2025. This positive step should be seen as one of the effective
approaches to sustainability. Nigeria has more 46 million people who still engage in practice of
open defecation (OD). As a result of this unhealth practice Nigeria has been ranked second
amongst the nations in the world with the highest number of people practicing open defecation.
The move and action taken by the president should be commended and followed keenly if the
plan is to be achieved successfully. According to the president Executive Order takes immediate
effect. The Order stated “That by this Order, Nigeria is committed to being open defecation free
by 2025. That the National Open Defecation Free (ODF) Roadmap developed by the Federal
Ministry of Water Resources with support from other key related sector players across Nigeria
be put into effect [7].

“a.  There is established in the Federal Ministry of Water Resources a National Secretariat

called “Clean Nigeria Campaign Secretariat”.
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“b.  The Secretariat is authorized on behalf of the President to implement this Order by
ensuring that all public places including schools, hotels, fuel stations, places of worship, market
places, hospitals and offices have accessible toilets and latrines within their premises.

The role of the active players to specifically achieve the goal according to the planned roadmap

was equally highlighted [7].

% All Ministries, Departments and Agencies (MDAs) of government shall cooperate with
the Clean Nigeria Campaign Secretariat. The National Assembly and the State Houses
of Assembly shall enact legislation on the practice of open defecation with appropriate

sanctions and penalties.

¢+ All development projects shall include construction of sanitation facilities as an integral
part of the approval and implementation process. “The Secretariat shall terminate when

Nigeria is declared Open Defecation Free.

“All enforcement authorities are hereby directed to diligently collaborate with the Federal
Ministry of Water Resources in implementing this Order. “The Executive Order 009 came into

being against the background that [7]:

v" Nigeria is ranked second amongst the nations in the world with the highest number of
people practicing open defecation estimated at over 46 million people — a practice which
has had a negative effect on the populace, and has contributed to the country’s failure

to meet the United Nations Millennium Development Goals (MDGS);

v “President Buhari had described the statistics on open defecation and access to pipe
borne water service and sanitation as disturbing, and had declared commitment to

implement the National Water Supply, Sanitation and Hygiene (WASH) Action Plan;

v' “The President had declared a State of Emergency on Nigeria’s water supply, sanitation
and hygiene sector, the action being imperative as it will reduce the high prevalence of
water borne diseases in different parts of the country which have caused preventable
deaths;
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v’ “Nigeria has committed to end open defecation throughout the country by 2025 in
consonance with her commitment to the United Nations Sustainable Development
Goals (SDGs);

v “This Executive Order takes effect from Wednesday, November 20, 2019.”

The order was signed and effected since 2019, if actually we are committed to this task, we still
need to do more. Year 2025 set as deadline is already here and it seems the assigned groups

have not been able to carry out the task effectively.
2.2.Impacts of Open Defecation (OD) & Breaches of Human Rights

The United Nations (UN) have challenged that sanitation has a major impact upon individual
Human Rights, arguing that health implications linked to access to clean water, poor sanitation
and open defecation are clear breaches of human rights [8]. In addition, considering the
implications for women and physical security in those women practicing open defecation are
more at risk to violence, then the UN argue that a failure to address this at a national level is a
form of gender discrimination a further violation of human rights [8]. However, the UN assert
that sanitation has to be considered beyond the scope of just considering health, housing,
education, work and gender equality but instead should be considered in terms of human dignity
in that open defecation evokes feelings of vulnerability and shame and this infringement to

human dignity should be considered a human rights issue which demand urgent action.

2.3.General Health Risks of Open Defecation

The health risks most researched in context of open defecation are those associated with human
excrement linked infectious diseases [9]. Infected human excreta contain several harmful
organisms that are associated with a number of health problems. Virtually, one gram of infected
human excreta can contain a variety of microbes which includes 106 pathogenic viruses and
infectious virions, 106108 bacterial pathogens, 103 protozoan cysts and 10-104 helminth eggs
[10]. Inappropriate human waste disposal also increases the risk of exposure to these pathogens
which can pose significant health risks such as transferable infectious diseases, diarrhoea,
typhoid and cholera, and viral infections [11]. WHO reports that 1.8 million people in low and
middle income countries suffer from severe trachoma [12], a root cause of visual impairment
which is transmitted via flies that breed on human excreta with a tendency to spread through
eye discharge of infected person [13]. Likewise, more than 200 million people are infected with

schistosomiasis (snail fever) worldwide [14] a chronic parasitic disease transmitted through
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human faeces to freshwater snails and the infection spread in humans when skin comes in
contact with infection carrying snails or consumption of contaminated water and modulate their
immune systems [15]. Access to sanitation has been essential for human dignity, health and
well-being [8]. Sanitation is also recognized as a human right in a resolution passed by UN
General Assembly in 2010. The practice of open defecation poses serious health impacts and
concern to women’s dignity when it transpires in densely populated areas, especially in rural
communities with sanitation challenges. The problem of open defecation largely persists in low
and middle income countries, where lack of resources and limited national budget towards
sanitation interventions can obstruct the path to provide adequate sanitation facilities to the

entire population [15].

2.4. How Open Defecation Affects Us in Nigeria.

There is a growing awareness about the connections between poor sanitation and environmental
and public health risks. Certainly, OD is the worst form of sanitation that is associated with
large externalities. The continuous rise of OD in Nigeria is a sanitation crisis with grave
environmental and health risks, especially given the country’s rapidly growing population and
high population density. The practice contaminates local environment with human feces,
including surface water, public spaces, roadsides and railway lines, and it pollutes the air with
foul odor. It also manifests through the use of flying toilets which are human excreta wrapped
and indiscriminately thrown away. For example, OD pollutes beaches in Lagos and other
Nigerian coastal cities thereby decreasing their potentials to attract local and international
tourists [16]. Through direct OD inside water bodies or runoff, surface water becomes
contaminated with human excreta, thereby exposing people to diseases when they use the water
for drinking or swimming. Also, OD reduces the human capital of a country’s workforce and
inhibits people’s physical and cognitive development [17]. The practice of OD is a leading
cause of infectious excreta-related diseases, such as typhoid fever, hepatitis and diarrhea as well
as soil transmitted diseases like ascariasis and hookworm, thereby producing very large health
burden, including high rates of anemia, child stunting and premature death, especially in
children under the age of five [18-19]. In Nigeria, the proportion of children under the age of
five who had diarrhea two weeks preceding the 2013 DHS was lower in urban (9.2%) than rural
areas (10.8%), and the highest incidence was found in the North East region (21.1%), followed
by South East (10.3%) (NPC & ICF International, 2014, p. 166). Indeed, this study found that
these two regions are among those with high incidence of OD among Nigeria’s six regions. In

Nigeria about 2300 children under the age of five die daily, about 10% caused by diarrhea,
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which makes the country second to India in contributing to under—five mortalities in the world
[12,14]. As such, the practice of OD in Nigeria needs urgent attention as millions of lives are
at stake especially that the public health system is already overwhelmed. Globally, about 88%
of diarrhea incidences are associated with poor sanitation and hygiene and contaminated water.
Certainly, accelerating access to adequate sanitation provides immense health benefits that

include decreasing risks of diarrhea by about 37%, and schistosomiasis by close to 77% [17].

2.5. Socioeconomic Implications of Open Defecation in Nigeria: A blow to National
GDP!

Socio-economic inequality has been associated with OD prevalence in developing countries.
According to published reports that in Nigeria, wealth index significantly influences OD. The
wealth index which measures household wealth includes bank account, vehicle, air
conditioners, Tvs, radio, computer, mobile phone, farmland and livestock [20]. It was found
that the richest households in Nigerians are the least to practice OD (1%), followed by the richer
households (5.6%); and the middle class; the poorer and poorest aggregated, represents the over
three quarters (79%) of those households who practice OD in Nigeria [20]. In other studies, in
South Africa, a unit increase in the income of respondents could lead to 0.1% decrease in the
odds of practicing OD [21], thus supporting the findings in Nigeria. There are also similar
results obtained from other studies in Indonesia [22], India [23], Mozambique [24] and Benin
Republic [25] supporting the finding in Nigeria that poorer households have higher tendency to
practise OD than richer households. O’Connell [26] reports that both open defecators and latrine
owners consistently complain that cost is a barrier to building and upgrading facilities;
sometimes open defecators overestimate cost contributing to perceived unaffordability. Low-
income rural communities consider building latrine as expensive, and constitutes an obstacle to
OD free by 2025. In reality, affordability can be influenced by household income, availability
of cash, time of year, access to credit and availability of suitably priced sanitation options in an

area [27]. Due to poor sanitation, Nigeria loses US$ 1.26 billion annually, impacting negatively on

the country’s GDP. This is due to loss in education, productivity, time, tourism as well as the financial

tolls incurred as a result of death and diseases.

3. SOCIOECONOMIC IMPLICATIONS OF OD IN AFRICA

The socioeconomic implications of OD in SSA are equally severe as the health impacts. For
example, areport by [28] revealed that in 2015, African countries lost about 0.9% of their Gross

BOOK OF FULL TEXT ISBN: 978-625-7341-88-2 www.egekongresi.org Page | 133



AEGEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

Domestic Product (GDP) to poor sanitation; while open defecation alone cost 18 African
countries, which constitute more than 50% of Africa’s population about US$2 billion.
Unfortunately, these countries invest less than 0.1% of their GDP in sanitation, although
African leaders had resolved to spend at least 0.5% of their GDP in this sector as part of the
Ngor Declaration, which was adopted at the fourth African Conference on Sanitation and
Hygiene in 2015 [28]. Similarly [29] estimated that OD cost Nigeria US$1 billion yearly. In
addition, another estimated sum of US$243 million is lost each year in access time, as each
person practicing OD, spends an estimated 2.5 days a year in search of a private place to
defecate. Open defecation also cost other countries in the region huge amount of money yearly-
Ghana, US$79 million, Malawi, US$57 million, Kenya and Burkina Faso US$26 million each,
Niger and Chad US$23 million each, Mozambique and Benin US$22 and US$21 million,
respectively [29]. Apart from these major costs, other subsidiary losses each year to OD include
premature death, access time, productivity losses whilst sick or accessing healthcare and
amount spent on healthcare. In fact, almost all countries in the region bear huge cost to OD.
Some studies [30-32] have shown that OD has considerable social cost as it can increase the
vulnerability of girls and women to verbal, physical and sexual harassment and violence. In
Nairobi, Kenya, [32] reported cases of girls and women who were assaulted or raped when
trying to access places for defecation in the dark or at night. This situation has led to physical
injuries and psychological trauma of affected persons. Similarly, data from the 2008-2009
Kenya Demographic and Health Survey (DHS) show that the risk of non-partner sexual
violence increased to 40% among those who practice OD. In addition, those who practice OD
face the risk of being bitten by snakes or other wild reptiles [30]. Also, OD negatively affects
the dignity of those that practice it. Furthermore, it is unsightly and produces offensive odour,

thereby degrading the aesthetics of the environment.

4. THE GOALS OF UNICEF & HOW NIGERIA CAN PARTNER TO ENJOY
FULL SUPPORTS TO END OD BY 2025.

The focus of UNICEF in the next four years will be on supporting countries to align their
sanitation policies, strategy, road map and subnational operational plans to the new SDG areas

and to Pan-African commitments [33]
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+ UNICEF will generate and use evidence to advocate for the political prioritization and
adoption of best practices for sanitation in rural, peri-urban and urban areas, health

centres and schools, in national policies, strategies, plans and budgets.

+ UNICEF will continue to support community involvement and collective action in
sanitation-related programme design, implementation and monitoring by increasing
their capacities, informing them about their rights, promoting changes of behaviours
and social norms, supporting data availability at all levels and increasing the

accountability of duty bearers at national and local government levels.

+ UNICEF will work with governments to build supportive business environments and
regulatory frameworks enabling an enhanced engagement of the private sector to

provide adequate and affordable sanitation services.

+ UNICEF will encourage and support the use of innovative financing mechanisms
including blended financing (involving bilateral grants, loans and other funding
sources), South-South financing, microfinance models, trust funds, the use of cash

transfers for WASH to support affordable local sanitation solutions.
5. UN’S COMMITMENTS AND POSITIVE CONTRIBUTIONS ON SDG-6

Member States and UN agencies are committed to ending open defecation and have urged the
provision of financial resources, capacity-building and technology transfer to help developing
countries, to provide safe, clean, accessible and affordable drinking water and sanitation for all.
Sustainable Development Goal 6 (SDG 6), on clean water and sanitation, requires access to
adequate and equitable sanitation and hygiene for all, and an end to open defecation, with
special attention paid to the needs of women and girls, and those in vulnerable situations.
Increasingly, governments and their UN agency partners have roadmaps to tackle the issue, and
WSSCC has been providing grants for community-based solutions for a decade. However, the
SDG target is not on track. Ensuring sanitation and water for all is one of the Sustainable
Development Goals (SDG6) that make up the UN’s2030 Agendafor Sustainable

Development.

BOOK OF FULL TEXT ISBN: 978-625-7341-88-2 www.egekongresi.org Page | 135


https://sustainabledevelopment.un.org/sdg6
https://www.un.org/sustainabledevelopment/water-and-sanitation/
https://www.un.org/sustainabledevelopment/water-and-sanitation/
https://www.un.org/sustainabledevelopment/development-agenda/

AEGEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

5.1. Awareness And Roadmap By UN

o Anend to open defecation is a specific target within SDG6

e The UN’s Water Supply and Sanitation Collaborative Council (WSSCC), is hosted by
UNOPS, the UN Office for Project Services

« WSSCC advocates for improved sanitation and hygiene for the most vulnerable and
marginalized people in the world

e WSSCC and its partners have recently released a Global Call to Action, urging
governments, donors, development partners and every other stakeholder to reaffirm
their commitment to rural sanitation and hygiene and scale up their ambitions and

investments.

6. Recommended Solutions to End Open Defecation in Nigeria

Even as Africa suffers the brunt of open defecation, the future remains bright in terms of the
various innovative ways by which several African countries are putting their best together to
bring the development to an end. But the question still remains as to how fast the practice of
open defecation can be eradicated. Be it an international crisis or even a cultural inclination,
open defecation has attracted the intervention of several African governments in partnership
with international bodies. In Africa, the situation of open defecation remains one of the most
talked of banes as the United Nations estimates that 60 percent of the population do not have
access to decent toilet facilities. This has contributed to the spread of bacterial diseases such as
cholera, diarrhea and polio infections. The United Nations (UN) are making known their resolve
to put a lasting end to the scourge of open defecation mainly through public awareness,
enactment of legislation against the act, construction of public toilets among other
interventions. The best solution to end open defecation in Nigeria is for the government and all
concerned sectors in charge of the task should keenly follow the blue print of WHO/UNICEF

and also need to invest reasonable funds with active sensitization of the public.
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POLIFARMASI VE YASLILARDA UYGUNSUZ iLAC KULLANIMI
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OZET

Anahtar Kelimeler: Polifarmasi, Yaslilik, Uygunsuz ilag

Giris: Polifarmasi terimi basit bir ifadeyle ¢ok sayida ve yogun ila¢ kullanimi olarak
tanimlanmustir. ‘Polifarmasi hastasi', regete edilen ve birden fazla kosul i¢in birden fazla ilag
alan kisidir. Epidemiyoloji: Amerika’da yapilmis olan arastirmada 2009-2016 yillari arasinda
65 yas lstii hastalara yazilan 2 milyar regete incelenmis ve %65.1 gibi yiiksek bir oranla ¢oklu
ila¢ kullanim1 yaygin oldugu gortilmistiir. Coklu ilag¢ kullanimini; minér (2-3 ilag) (%16.2),
orta diizeyde (4-5 ilag) (%12.1) ve major(>5 ilag) (%36.8) polifarmasi oranlar1 goriilmiistiir. 5
ve {istil ilag yazim oranin yiiksekligi dikkat cekmektedir. Tiirkiyede ise yapilan toplam 66.995
ornek bes ve daha fazla etkin madde iceren (polifarmasi) orant %16,1 (10.757 6rnek) oldugu
goriilmiistiir. Polifarmaside cinsiyete gore dagilim %62,7 kadin ve %37,3 erkektir.
Polifarmasinin yas gruplarina gore dagilimi 65-74 yas grubunda %60,1, 74-85 yas grubunda
%32,5 ve >85 yas grubunda %7,4'tiir. Cinsiyetler arasi1 fark polifarmasi de goze carpar. 45
yasindan sonra yasam boyu polifarmasi goriilme sikligi erkekler i¢in %84,1, kadinlar i¢in
%388,8 olarak tespit edilmis. Nedenleri: Hastalik ve ilaglar hakkinda bilgi eksikligi yaslida
baslica polifarmasi nedenleridir. Ayrica yaslhilia bagli gelisen metabolik degisiklikler,
huzurevinde yasama, ilag-ila¢ etkilsimleri, doktorlarin yetersiz bilgi diizeyi buna neden
olmaktadir. Polifarmasi Yonetimi: ilag tedavi plan ile izlenmesi igin gelistirilen ydntemler
icinde en ¢ok kullanilan Beers ve STOPP/START Kkriterleridir. Beers kriterlerinde yagllarda olasi
uygunsuz ilag kullanimi (UiK) durumunu énlemektir. STOPP kriterleri de uygunsuz ilag kullanimini
azaltmak ic¢in kullanilir. Ancak yaglilarda regetelenmesi gereken fakat gdzden kagarak
recetelenmeyen ilaglar da vardir. Bu durum iginde START kriterleri gelistirilmistir. Sonug:
Yaslanmayla birlikte kronik hastalik sayisinda artisla birlikte hem uygunsuz ilag kullanimini hem de
polifarmasi oranini artirmistir. Bu da yasam kalitesinin azalmasina ve morbidite ve mortalite artisina
neden olmaktadir. Bu alanda saglik personelinin bilgisinin artirilmasi, ve yaslilarda akilci ila¢g kullanim
ilkelerinin uygulanmasi bu siireglerde belirgin diizelme saglayacaktir.

1. GIRIS:

Polifarmasi son yillarda giderek onem kazanmaktadir. Polifarmasi terimi basit bir
ifadeyle ¢ok sayida ve yogun ilag kullanimi olarak tanimlanmistir. ‘Polifarmasi hastasi', regete
edilen ve birden fazla kosul i¢in birden fazla ilag alan kisidir(Y1ldirim & Kiling, 2017).

Glinlimiizde net bir goriis birligi bulunmamakla birlikte polifarmasi icin birden daha
fazla sayida ila¢ kullanimi olarak kabul edilir. Literatiirde, kullanilan ilag sayisina ve ilag
kullanim siiresine gore farkli tanimlamalar mevcuttur. BMC Geriatri makalesi, polifarmasi i¢in
sayisal rakamla alinan ilag sayisini belirtmis ve “Giinliik bes veya daha fazla ilacin alinmasi1”

BOOK OF FULL TEXT ISBN: 978-625-7341-88-2 www.egekongresi.org Page | 140



AEGEAN SUMMIT 4th INTERNATIONAL APPLIED SCIENCES CONGRESS

olarak ifade etmistir (Masnoon, Shakib, Kalisch-Ellett, & Caughey, 2017). Diinya Saglik
Orgiitii, "ila¢" kelimesini tam olarak tanimlarken, “Polifarmasi igin net tanimi olmamakla
birlikte genellikle bes veya daha fazla ilacin rutin kullanimi olarak ifade etmektedir. Bu, bir
hasta tarafindan kullanilan regetesiz, regeteli ve/veya geleneksel ve tamamlayict ilaglari da
icerir” (World HealthOrganization, 2019). A U.S. Pharmacist makalesi bu tanimi
detaylandirarak, "Terimin somut bir tanimi olmamasina ragmen, polifarmasi, giinliik olarak
birka¢ (genellikle bes veya daha fazla) ilacin kullanim1 anlamia gelir ve bunlarin hepsinin
klinik olarak gerekli olmayabilecegi ihtimali vardir.”(Duncan, Duerden, & Payne, 2017). The
Journal for Nurse Practitioners da yash eriskinlerde polifarmasi {izerine bir makale, terimi tek
bir hasta grubuyla iliskilendirerek: "Polifarmasi, bir hastada, genellikle yash bir yetiskinde
birden fazla ilacin kullanilmasi anlamina gelir." olarak ifade etmistir (Nguyen, Wong, &
Ciummo, 2020). Minnesota Universitesi'nin Impact, polifarmasiyi olumsuz bir sekilde
tanimlayan bir¢ok yayindan biri olarak: "Polifarmasi, tibbi olarak gerekli olandan daha fazla
ilacin kullanilmas1 anlamina gelir."(Scott & Havercamp, 2014).

American Family Physician makalesi birden fazla niteleyici igeren ifadesinde: "En az
bes ilacin diizenli kullanimi olarak tanimlanan Polifarmasi, yasl eriskinlerde ve risk altindaki
geng popiilasyonlarda yaygindir ve olumsuz tibbi sonug riskini artirir."(Fick vd., 2019). BMJ
Open makalesinde "asir1 Polifarmasi: 10 veya daha fazla farkli ilacin eszamanli kullanim1”
olarak tanimlanirken, yayin, polifarmasiyi "bes ila dokuz ilacin kullanim1" ve " Polifarmasi
olmamasi" m1 dort ilag almak veya daha az ilag¢ (hi¢ ila¢ kullanmayanlar dahil) olarak
tanimlamaktadir(O’Dwyer, Peklar, Mccallion, Mccarron, & Henman, 2016). Baz1 yayinlar
polifarmasiyi mindr ve major polifarmasi olarak iki alt gruba ayirmistir. Mindr polifarmasi
ikiden fazla ilag kullanimi, major polifarmasi ise dortten fazla ila¢ kullanimi olarak
tamimlanmustir (Viktil, Blix, Moger, & Reikvam, 2007). Pharmacy Practice ise bes ila dokuz
ilacin kullanimina minér polifarmasi ve 10 veya daha fazla ilacin birlikte kullanimi ise major-
polifarmasi demektedir. Dort veya daha az ilag¢ i¢in de" polifarmasi disi" demeyi uygun
bulmustur (Wang, Singh, & Bajorek, 2016). Polifarmasi iist yada alt sinir olmamasi1 nedeniyle
‘Hastanin ihtiyact oldugundan fazla miktarda ila¢ kullanmasi’ 6nerilmistir(Yildirim & Kiling,
2017). Net bir tanimin olmamasi bu fenomenle ilgili sonuglari tahmin etmeyi ve dlgmeyi
zorlastirmaktadir.

2. EPIDEMIYOLOJISI:

Amerika Birlesik Devletleri'ndeki regeteli ilag verilerinin analizi, popiilasyonda ¢oklu
eczane oraninin 1999-2000'den 2007-2008'e  kadar %6,3'ten  %10,7'ye  ¢iktigini
gosterdi.Amerika’da yapilmis olan arastirmada 2009-2016y1llar1 arasinda 65 yas iistii hastalara
yazilan 2 milyar recete incelenmis ve %65.1 gibi yiiksek bir oranla ¢oklu ila¢ kullanimi yaygin
oldugu goriilmiistiir. Coklu ilag kullanimint; polifarmasi yok (< 2 ilag), minor polifarmasi (2-3
ilag), orta derecede polifarmasi (4-5 ilag) ve major polifarmasi (>5 ilag) siiflamasi yapilarak
degerlendirildiginde minér (%16.2), orta diizeyde (%12.1) ve major (%36.8) polifarmasi
oranlart goriilmiistiir. 5 ve ustii ilag yazim oranin yiiksekligi dikkat ¢cekmektedir (Young, Pan,
Yap, Reveles, & Bhakta, 2021).

Roterdam verileriyle yapilmig olan analizde ise 90 giinliik bir zaman ¢ergevesi i¢inde
herhangi bir yerde >5 oldugunda polifarmasiye maruz kalmis bir birey olarak kabul ettik.
Ayrica bu tanimi “hiperpolifarmasi” (>10) ve “asir1 polifarmasi” (>15 ilag) olarak incelenen
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11,672 kisin yarisindan fazlasi polifarmasiye maruz kalmis ve 45 yasindan sonra yagam boyu
polifarmasi goriilme siklig1 erkekler icin %84, 1, kadinlar i¢in %88,8 olarak tespit edilmis. Tiim
bireylerin yaklasik dortte biri (erkekler i¢in %24,7; kadinlar i¢in %28,8) yasamlarinin belirli bir
noktasinda ayni anda >10 ilaca maruz kalmisken, yasam boyu asir1 ¢oklu ila¢ kullanimi erkekler
icin %3,3 ve kadinlar i¢in %#4,2'dir. Polifarmasi siklikla kronikti ve bireylerin iigte ikisinde
(9%69.1) ardisik >2 yil iginde meydana geldi. Kadinlarda yaklasik %5 daha yiiksek bir oranda
olmak Tlizere, polifarmasinin yasam boyu ortaya c¢ikmasinda kiigiik cinsiyet farkliliklari
gozlemledik. Bu kismen, kadinlarin erkeklere kiyasla daha uzun yasam beklentisiyle
aciklanabilir, ancak ayn1 zamanda g¢oklu eczanenin altinda yatan ilag tiirlerindeki cinsiyet
farkliliklarma veya ilag recetelerinin altinda yatan endikasyonlara da atfedilebilir. Ornegin
erkekler, kadinlarla karsilastirildiginda, kardiyovaskiiler ilaglar (kadinlar i¢in %90'a kars1 %85)
ve diyabette kullanilan ilaglar (%20,1'e karst %16.2) gibi, ¢oklu eczaneye katkida bulunan
yaygin kardiyometabolik hastaliklarin dnlenmesi veya tedavisi ile ilgili ilaglar1 daha sik aldi.
Kadinlar i¢in). Buna karsilik, kadinlara daha sik ila¢ kombinasyonlar1 (takviyeler, analjezikler,
hipnotikler ve sakinlestiriciler gibi; erkekler i¢in %33.4 ile karsilastirildiginda %45.1) verildi.
Bu calisma, yash yetiskinler (>65 yas) arasinda yapilan kayit calismalarindan elde edilen 6nceki
kanitlar1 genisletiyor ve niifusun yarisinin (%50,4) 65 yasindan 6nce polieczaciliga zaten maruz
kaldigini ortaya koyuyor(Licher vd., 2020).

Isvigre'de, 40 ila 81 yaslar1 arasindaki 4938 hasta arasinda bes veya daha fazla ilacin
diizenli kullanimi ile tanimlandiginda polifarmasi prevalansinin %11,8 oldugu bildirilmistir.
Italya'da bir geriatri hastanesinin acil servisini ziyaret eden 2057 katilimcimnin (%60 kadin;
ortalama yas 81.7 yil) %30.3'li ayn1 anda 6-9 ilag aliyor ve asir1 ¢coklu ila¢ kullanimi (>10 ilag)
hastalarin %17.8'inde mevcut oldugu tespit edilmis. 2010 ve 2013 yillar1 arasinda, Isveg'te 65
yas ve lizeri toplam 1.742.336 kisi dahil edilerek 6lene kadar ve/veya galismanin sonuna kadar
takip edilmis. Polifarmasi prevalansinin (bes veya daha fazla ilag almak) %44,0 ve polifarmasi
olmayan bireylerde baslangigtaki insidans oran1 100 kisi-y1l1 bagina 19,9 oldugu gosterilmistir.
65 yas ve tlizeri 319.185 kisilik yaslt Koreli popiilasyonda, polifarmasi prevalansi (=6 ilag)
yaklasik %86.4 bulundu; bunlarin %44.9'a asir1 polifarmasiye sahipti (>11 ilag) ve %3.0"1 >21
ila¢ kullaniyordu. Benzer sekilde, Tayvan'daki 11.338 yash kisiden olusan ulusal 6rneklerin
%383,5'inin, ayn1 anda alt1 veya daha fazla ilaci almak olarak tanimlanan polifarmasi olarak
siiflandirildigini bildirdi. Avrupa Birligi (AB) tarafindan finanse edilen ve 2030 yilina kadar
polifarmasiyi yonetmeyi hedefleyen 'Yaslilarda Coklu Eczacilik ve Uyumun Tesvik Edici
Inovasyon Yonetimi'ne (SIMPATHY) gére, 70-74 yasindaki insanlarin yaklasik %20'sine 10
veya daha fazla kisi recete edilmektedir. Polifarmasi orani en yash niifusta 6nemli 6l¢iide daha
yiiksektir (Khezrian, McNeil, Murray, & Myint, 2020).

Tiirkiyede ise yapilan toplam 66.995 6rnek incelendigi %60,7'si kadin hastalarin olusturdugu
calismada, ortalama ilag sayis1 2,78 £ 2,11, bes ve daha fazla etkin madde iceren bildirim
(polifarmasi) oran1 %16,1 (10.757 6rnek) oldugu goriilmiistiir. Polifarmaside cinsiyete gore
dagilim %62,7 kadin ve %37,3 erkektir. Polifarmasinin yas gruplarina gore dagilimi 65-74
yas grubunda %60,1, 74-85 yas grubunda %32,5 ve >85 yas grubunda %7,4'tiir(Egici vd.,
2021).
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3. NEDENLERI:

Coklu morbidite, ¢ok sayida regete yazimu, ilag-ila¢ etkilesimleri ve ilag yan etkileri
hakkinda saglik calisanlarinin yetersiz bilgisi, ileri yas, gorme ile isitmede diisiikliik, biligsel
bozukluklar, huzurevi yasami, hastaliklar ve ilaglar hakkinda bilgi eksikligi yaslida baslica
polifarmasi nedenleridir. Yaslanmayla artan kronik hastaliklar da polifarmasiye neden
olmaktadir. Saglik Bakanligi’nin verilerine gore iilkemizde 65 yas iizerindeki yaslilarin;
%90’1nda genellikle bir, %35’inde iki, %23 linde ii¢ ve %14’ilinde dort veya daha fazla kronik
hastaligin bir arada bulundugu bildirilmistir. Ulkemizde huzurevinde yasayan yaslilarda
diyabet, hipertansiyon, gorme ve isitme bozuklugu, eklem ve romatizma hastaliklari, dolasgim
ve solunum sistemi hastaliklari, demans ve depresyonun yaygin oldugu saptanmistir (Dogrul,
2016; Yesil, Cankurtaran, & Kuyumcu, 2012; Yildirim & Kiling, 2017).

4. POLIFARMASI YONETIMI:
Ilag tedavi planinin degerlendirilmesi ve takibi icin yasl hastalara yonelik birgok kriter
gelistirilmistir Cizelge.1. (Bozkurt, Parlar, & Arslan, 2019).

Kriter Adi Yih Merkez
Beers kriterleri 1991 Amerika
STOPP/START kriterleri 2008 Irlanda
Avrupa Birligi Listesi (EU7-PIM) 2015  Isveg
Laroche kriterleri 2007 Fransa
HEDIS 2006 Amerika
flag Uygunluk Indeksi 1992  Amerika
Winit-Watjana Kriterleri 2008 Tayland
Priscus Listesi 2010 Almanya
IPET 2000 Kanada
NORGEP kriterleri 2009 Norveg

Cizelge 1. ilag izleme Kriterleri

Bunlar arasinda en sik kullanilan, Beers ve STOPP/START Kkriterleridir. Beers kriterleri
ilk olarak 1991 yilinda huzurevlerinde yasayan yaslilarin ilaglarinin degerlendirilmesi amaciyla
olusturulmustur. Yasllarda olasi uygunsuz ila¢ kullanimini (UiK) énlemek amaciyla, 2019 yilinda
Amerikan Geriatri Dernegi [American Geriatric Society (AGS)] tarafindan tekrar genisletilip
giincellenmistir. Amaci ise olasl uygunsuz ilaca kullanimini azaltmak ve yaslilarin yasam kalitesini
artirmaktir. Beers Kategorileri icinde; Yasllarda kullanimi potansiyel olarak uygun olmayan ilaglar, ilac-
ilac ya da ilag-sendrom etkilesimi sonucu bazi hastalik ve sendromlari siddetlendirebilecegi igin
potansiyel olarak uygun olmayan ilaglar, yaslilarda potansiyel olarak uygunsuz olup uyan ile
kullanilabilecek ilaglar degerlendirilmesi yapilir (Young vd., 2021). 65 yas Usti ¢oklu ilag kullanimiyla ile
ilgili yapilmis olan bir ¢alismada, 2015-2019 vyillari arasinda uygunsuz ila¢ kullanimi %53,79 oldugu ve
ilag kullanimi sayisi arttikca uygunsuz ilag kullanimin oraninin da arttig saptanmstir. UiK durumunun
1-4 arasiilag kullanan hastalarda daha diisiik %28, 10 ve stu ilag kullananlarda ise daha yuksek oranda
%50 oldugu saptandi (Arslan & Dagcioglu, 2020).

STOPP (Screening Tool of Older Persons’ potentially inappropriate Prescriptions)
kriterleri uygunsuz ila¢ kullanimin1 azaltmak i¢in ve START (Screening Tool to Alert doctors
to Right Treatment) kriterlerinde ise endikasyon olmasina ragmen kullanilmasi gereken ancak
gbzden kagmis olan ilag tedavileri i¢in olusturulmus aractir. STOPP yaglida en sik goriilen ve
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tehlikeli uygunsuz regete ornekleri igeren 81 kriter halinde; START ise yaslhlarda siklikla
kullanilmast gerekirken kullanilmayabilen 34 kriter halinde olusturulmustur (Arslan &
Dagcioglu, 2020; Bozkurt vd., 2019)(BAY, 2015).
Yapilan bir aragtirmada STOPP ‘a gére UIK orani; 1. basamakta % 21, acil serviste % 34-50,
bakimevinde % 60. START a gore atlanan ilag orani 1. basamakta % 22, hastanede % 58 oldugu
goriilmiis. Bu calismada Beers ve STOPP kriterleri karsilastirildiginda STOPP ‘a gore UIK
orani; 1. basamakta % 21, acil serviste % 34-50, bakimevinde % 60 iken Beers‘a gore UIK
orani; 1. basamakta % 13-18, acil serviste % 25-32, bakimevinde % 37 olark tespit edilmistir.
Buna gore STOPP kriterler daha hassa bir dlgek olabilir. Ilag yan etkilerine bagli hastaneye
basvuru ve hospitalizasyonda STOPP Beers’a gore 2.8 kat fazla oldugu da yine elde edilen
verilerden biridir (O’Mahony vd., 2010).

Tiirkiyede yapilmis olan bir ¢alismada UIK prevelans1 STOPP kriterlerine gore %39,1,
Beers 2012 kriterlerine gore ise %33,3 tespit edildi. Diinya genelinde %13-35 UIK prevelansi
goriilmektedir. STOPP kriterlerinin {ilkemiz yashlarinda UIK durumlarini tespit edebilmekte
daha bagarili oldugu bu galismayla 6ngériilmektedir (BAY, 2015). Bu alanda daha fazla
calismaya ihtiyag¢ vardir.

5. SONUC:

Yaslanmayla birlikte kronik hastalik sayisinda artis, hem polifarmasi hem de uygunsuz ilag
kullanim oranini artirmaktadir. Bunlarin ise yasllarda morbidite ve mortalite artisina neden oldugu
bilinmektedir. Bu olumsuz sonuglarin azaltilmasi igin yasli hastalar ile olan saglk personelinin (doktor,
eczacl, hemsire vd.) bilgi ve deneyimlerini artirilmasi, yaslilarda akilci ilag kullanimi hakkinda farkindahk
olusturulmasi, uygunsuz ilaglarin tespit edilmesinde kullanilan araglarin pratikte uygulanmasinin
artirilmasi gereklidir. Bu uygulamalar kisa ve uzun vadede yaslilarin yasam kalitesini artiracak ve saghk
ekonomisinde tasarruf saglayacaktir (Bozkurt vd., 2019).
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OZET

Patojen, zararh, kuraklik stresi gibi bir¢ok biyotik ve abiyotik stres faktorleri tarimsal
verimliligi ve {iriin kalitesini tarimsal iiretim alanlarinda sinirlandirmaktadir. Stres faktorlerine
kars1 son yillarda; kok bakterileri alternatif bir yol olarak kullanilmaya baslanmistir. Bu
calismada, Bakteriyoloji laboratuvart kiiltiir koleksiyonu stoklarinda bulunan kdk bakterisi
(KB) izolatlarmin domates bakteriyel benek hastaligi etmeni Pseudomonas syringae pv. tomato
(Pst) ve kuraklik stresine karst etkileri arastirilmistir. 30 KB izolati, kuraklik stresini
engellemeleri ve Pst’ ye kars1 etkileri bakimindan 6nce in vitro denemelerle testlenmistir. In
vitro testlerde basariya ulasan izolatlar arasindan in vivo denemeleri i¢in se¢im yapilmistir. In
vivo‘da kuraklik stresine karsi testlenen KB izolatlarmin bazilart kuraklik stresini engelemeyi
basarmistir. Pst’ye karst in vitro’ daki basarilarina gore secilen 7 KB izolatindan 2 tanesi
domates bitkisinde Pst’ yi %50 ve tizerinde engellemistir. In vitro ve in vivo test sonuglarindaki
etkilerine gore secilen 76 ve 83 nolu KB izolatlar1 Pst ve kuraklik stresine karsi birlikte
testlenmistir. Bu iki KB izolatindan 76 nolu izolatin hem Pst’ ye hem de kuraklik stresine kars1
etkisi bakimindan, biyotik ve abiyotik stresle basa ¢ikmada 83 nolu izolata gore daha basarili
oldugu sonucuna varilmistir

Anahtar Kelimeler: Domates, Pseudomonas syringae pv. tomato, kuraklik, kok bakterisi.

1. GIRIS

Ortii alt1 ve agikta domates yetistiriciliginde bitkiler yasamlar siiresince biyotik (patojenler,
nematot ve diger organizmalar) ve abiyotik (kuraklik, tuzluluk, yiiksek ve diisiik sicaklik, agir
metal vb.) bircok stres faktorii ile karsilasmaktadirlar (Sarma ve Saikira, 2014). Diinya
tizerindeki kullanilabilir alanlar stres faktorlerine gore siniflandirildiginda kuraklik stresi
%26’lik payla en biiyiik dilimi icermektedir (Kalefetoglu ve Ekmekgi, 2005). Domateste
Bakteriyel Benek hastaligi (Pseudomonas syringae pv.tomato, Pst) acikta ve ortii altinda
domates yetistiriciliginde 6nemli biyotik stres kaynaklarindan birisidir. Hastaligin dnlenmesi
amaciyla kullanilan bakirli preparatlara karsi patojenin hizla dayaniklilik kazandigi,
dithiokarbamatli fungisitlerin ise kanserojenik olmalar1 nedeniyle salgcada kalinti toleranslariin
sifir oldugu ve dayanikli ¢esit arayislarinin da patojenin tiim 1rklarina kars1 basarili olamadigi
bilinmektedir. Son yillarda, patojenik olmayan kok bakterileri (KB) ya da bitki gelisimini
artiran kok bakterileri (PGPR)’nin bitki hastaliklariyla biyolojik savas, bitki gelisimini artirma
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ve kuraklik stresine toleransi artirma konularinda ¢alismalarin oldugu dikkati ¢ekmektedir. Bu
caligmanin amaci; domateste kuraklik stresine ve bakteriyel benek hastaligi etmenine karsi kok
bakterilerinin (KB) kullanilma olasiliginin arastirilmasidir. Bu amagla, bakteriyoloji
laboratuvar1 stoklarinda bulunan genis KB kiiltiir koleksiyonu arasindan se¢im yapilarak
biyotik ve abiyotik strese karsi etkileri in vivo ve in vivo bitki biiylime odasi kosullarinda
testlenmistir. Boylece; KB’ nin kuraklik stresine ve patojen bakteri baskisina karsi domates
bitkisinde etkisini aydinlatmak iizere bitki gelisimi (yaprak sayisi, kok ve govde, kok ve yesil
aksam yas ve kuru agirliklar1) ve hastalik siddetine (%) etkisi arastirilarak, ¢oziimii gii¢ olan 2
farkli stres faktoriine karsi ortak bir miicadele gelistirilmeye ¢alisilmistir.

2. DENEYSEL CALISMALAR

2.1. Kok bakterisi izolatlari
Boliimiimiiziin Bakteriyoloji laboratuvari stoklarinda bulunan genis KB koleksiyonu arasindan
(epifit ve endofit karakterli), daha once yiiriitiillen projelerde biyokontrol ve bitki gelisimini
artirma basarist bulunanlar arasindan tiir farkliliklar1 da dikkate alinarak yaklasik 30 izolat
secilmistir.

2.2. Patojen Bakteri izolat1
Calismada bakteriyoloji laboratuvari stoklarinda bulunan, Karacabey’de sanayi domatesi
tiretim alanlarindan izole edilmis ve virulensi yiiksek bir Pst izolat1 test patojeni kullanilmistir.

2.3. Domates ¢esidi
Ulkemizde yaygin kullanimi olan bir hibrit domates ¢esidi bu tez ¢alismasinda materyal olarak
kullanilmistir.

2.4. Kuraklik Stresine Dayanikli Kok bakterilerinin Secilmesi I¢in in vitro Testler

Mevcut KB izolatlar1 kuraklik stresine dayanikliliklar1 agisindan bir 6n elemeden gegirilmistir.
Bakteri izolatlariin kurakliga dayanimlari; farkli konsantrasyonda Poly-Ethylen- Glycol (%10,
20 PEG) eklenmis nutrient broth (NB) s1v1 besiyerine 24h’lik bakteri kiiltiirlerinden hazirlanan
siispansiyonun (10° cfu/ml konsantrasyonda, 1 ml bakteri siispansiyonu/100 ml NB), 120
rpm’de ¢alkalayicida 24h siireyle inkubsyonu sonucunda kalorimetrik olarak spektrofotmetrede
absorbans (600nm dalga boyunda OD degeri) degeri Olciilerek bakterilerin osmotik stres altinda
gelisme kinetigi degerlendirilmistir (Michel ve Kaufmann 1973).

2.5. Kok bakterilerinin Pst’ya antagonistik etkilerinin belirlenmesi igin in-vitro testler

Kok bakterilerinin in vitro biyokontrol etkilerinin olup olmadigini saptamak igin. 9 cm. ¢aph
petri kaplarinda TSA (Triptik Soya Agar) iizerine 24 saatlik Pst (ODsoo: 0.1, 107 cfu/ml ‘lik
konsatrasyonda) siispansiyonundan 100 ul yayilmis ve 30 dk. siireyle kurumasi beklenmistir.
Testlenecek antagonistlerin 24-48 saatlik kiiltiirlerinden steril igne ile alinarak TSA iizerine
spot inokulasyon yapilmistir. Deneme 3 yinelemeli olarak kurulmustur. 24 °C ‘de 48 saatlik
inkubasyondan sonra spot inokulasyonla verilen KB kolonilerinin ¢evresindeki engelleme
bolgelerinin varligina bakilarak mm olarak dl¢iim yapilmistir.
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2.6. KB’lerinin kuraklik stresine etkilerinin in vivo kosullarda denenmesi

In vitro kuraklik stresine dayanim testlerinden basariyla ¢ikan izolatlar arasindan segilen en
fazla 10 KB ile bitki biiyiime odasinda in vivo kosullarda kurakliga dayanim testi
gerceklestirilmistir. KB inokulasyonu tohum bakterizasyonu seklinde gergeklestirilmistir.
Bunun i¢in Triptic Soya Agar (TSA)’da 24 saat siireyle gelistirilen bakteriyel inokulumlar
%0.1°1ik Carboxy Methyl Cellulose (CMC) ile siispanse edilmis, domates tohumlar1 (5g tohum
/ 5ml silispansyon) bu bakteri siispansiyonu ile 30 dakika boyunca 121 rpm.de calkalanarak
kaplanmis ve kurutulmustur (Sarma ve Saikia, 2014). Steril torf iceren viyollere ekilen
tohumlar, bitki biiylime odasinda 2 yaprakli asamaya kadar gelistirildikten sonra saksilara
sasirtilmigtir. Saksilara sasirtma sonrasi tiim bitkilere normal sulama yapilmistir. Bu asamadan
sonra kuraklik stresi denemelerine baslanmistir. Sulamalar bitki su ihtiyacinin %100 (kontrol)
ve %50’si (kuraklik) karsilanacak sekilde gergeklestirilmistir. Negatif Kontrol uygulamasinda
KB olmaksizin %100 sulama, pozitif kontrol uygulamasinda ise KB olmaksizin %50 sulama
yapilmistir. Bitkiler 4-5 yaprakli doneme gelince sokiilerek, yesil aksam ve kok yas ve kuru
agirliklan Olcililmiistiir. Deneme TP deneme desenine gore 4 tekerriirlii her tekerriirde 1 bitki
olacak sekilde gergeklestirilmistir. Elde edilen sonuglar negatif ve pozitif kontrol
uygulamalariyla karsilastirilarak KB’lerinin kuraklik stresine etkisi ABBOTT (%) formiilii ile
degerlendirilmistir.

2.7. KB’lerinin PST’ya biyokontrol etkilerinin in vivo kosullarda denenmesi
In vitro antsgonistik aktivite testi sonuglarina gore segiln en fazlal0 adet KB izolat1 Pst’ya kars1
domates bitkisinde biyokontrol etkisi agisindan bitki biiyiime odasi kosullarinda denenmistir.
KB inokulasyonu tohum bakterizasyonu seklinde yukarida belirtildigi sekilde
gerceklestirimistir. Steril torf iceren viyollere ekilen tohumlar, bitki biiylime odasinda 2
yaprakli asamaya kadar gelistirilmis, daha sonra saksilara sasirtilmistir. Sasirtmadan 48 saat
sonra secilen KB izolatlari ile yesil aksam uygulamas1 (ODgoo: 0.5, 10° cfu/ml) yapilmis ve KB
uygulamasindan 24 saat sonra ise patojen bakteri inokule edilmistir (ODeoo: 0.1, 107 cfu/ml).
Uygulama goren bitkiler 3-4 giin siireyle patojenin gereksinim duydugu yliksek oransal nemde
tutulmustur. Patojen uygulamasindan 7-10 giin sonra, bitkilerin bilesik yapraklarinda, her bir
yaprakcikta gelisen lezyonlar 0-5 skalasmma gore degerlendirilerek % hastalik siddeti
saptanmistir (Wilson et al., 2001). Negatif kontrol uygulamasinda kb ve Pst inokulasyonu
yapilmamus bitkiler yer almis, Pozitif kontrol uygulamasinda ise sadece PSt ile inokule edilmis
bitkiler bulunmustur. Deneme TP deneme desenine gore 4 tekerriirlii her tekerriirde 1 bitki
olacak sekilde gerceklestirilmistir.
2.8. KB’lerinin kuraklik stresi ve Pst’ye kars1 etkilerinin in vivo kosullarda denenmesi

Bu denemede hem kuraklik stresi hem de Pst’ye kars1 in vivo testlerde basarili bulunan en fazla
2 KB izolat1 2 farkli stres faktoriine karst ayn1 bitki tizerinde etkililikleri agisindan 2.6. ve 2.7.
boliimiinde belirtildigi bicimde test edilmistir. Elde edilen sonuglar negatif ve pozitif kontrol
uygulamalariyla karsilastirilarak KB’lerinin kuraklik stresine ve patojen baskisinda ortak etkisi
ABBOTT (%) formiilii ile degerlendirilmistir.

2.9. Verilerin Analizi

Calismada elde edilen tiim verilere, bilgisayarda SPSS (SPSS Inc. PASW Statistics versiyon
15) paket programu ile varyans analizi uygulanmaistir.
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3. SONUCLAR VE DEGERLENDIRME

Bu calismada kullanilan 30 KB izolatinin in vitro osmotik stres altinda gelisme kinetigi
%10’luk Poly Ethylen- Glycol degerlendirilmistir. Bu testten basariyla ¢ikanlara %20, PEG ile
in vitro kuraklik stresi yaratilmaya calisilmistir. Bu testten elde edilen sonuglar Cizelge 1’de
toplu olarak goriilmektedir. Cizelgedeki sonuglardan 25E, 61, 146, 25, 117 ve 103 nolu KB
izolatlarinin kuraklik stresine dayanim agisindan en basarili izolatlar oldugu degerlendirilmistir.

Cizelge 1. KB izolatlarimin %20’lik PEG ile yaratilan osmotik stres altinda gelismesi

PEG stresi PEG (%20) stresi Osmotik
izolat no olmaksizin 24 h altinda 24 h siireyle strese
siireyle gelisen gelisen Kkiiltiirlerde = dayamim
kiiltiirlerde elde elde edilen OD orani
edilen OD degeri degeri (%)
Baslangig 24h Baslangi¢ 24h
25E 0,064 1,381 0,035 0,781 56,6
61 0,057 1,422 0,017 0,768 55,1
146 0,1 1,205 0,03 0,559 47,9
25 0,009 1,168 0 0,553 47,7
117 0,044 1,308 0,007 0,59 46,1
103 0,057 1,201 0,009 0,533 45,8
55 0,089 1,194 0,03 0,53 45,2
35 0,089 1,399 0,001 0,593 45,2
37 0,044 1,303 0,007 0,404 31,5
83 0,028 1,069 0,004 0,328 31,1

30 KB izolatinin domateste bakteriyel benek etmeni Pst’ye karsi in vitro antagonistik
etkilerini belirlemek amaciyla yapilan ikili karsilagtirma testi sonucunda, 3 KB izolat1 Pst’ye
kars1 4-10 mm arasinda degisen engelleme zonlar1 olugturmustur.

In vitro kuraklik stresine dayanim testlerinde basarili bulunan 7 KB izolat1 ile bitki
biiyiime odasinda in vivo kosullarda kurakliga dayanim testi gergeklestirilmistir. In vivo
kuraklik stresine KB’lerinin dayanim testi, 4-5 gercek yaprakli asamaya gelen domates
bitkilerinde, kuraklik stresi varhiginda ve yoklugunda yas ve kuru agirlik oOlgiilerek
degerlendirilmistir. KB’leri ile elde edilen bitki biyomas1 sonuglart hi¢ bakteri uygulamasi
yapilmamis NK bitkilerinden elde edilen bitki biyomasi degerleri ile karsilastirilarak kurakliga
dayanim (%) degerleri elde edilmistir. Sonuclar Cizelge 2’de goriilmektedir.
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Cizelge 2. KB izolatlarinin domates bitkilerinde kuraklik stresine etkisi

Kuraklik stresi varhiginda bitki biyomas: (g/bitki)* Kuraklik stresi yoklugunda bitki biyomasi (g/bitki)*
izolat | Yasagirhk | NK’ye Kuru NK’ ye gére % | Yas NK’ ye gore Kuru NK’ ye gére
no gore % agirhk bitki geligimi agirhk % bitki agirhk % bitki
bitki gelisimi gelisimi
gelisimi
37 73,67 b** 21,3 35,33 a** 3,94 82,34 c** | 23,33 35,96 a** | 4,83
55 83,8a 37,98 35,89 a 5,58 78,55 de 17,66 35,49 a 3,46
61 71,32 c 17,45 34,33a 1,00 89,66 a 34,30 35,72 a 4,13
73 85,4 a 40,62 36,33 a 6,88 84,96 b 27,26 35,62 a 3,84
76 65,44 d 7,75 34,51a 1,52 783 e 17,28 34,1 a -0,58
83 83,39a 37,12 36,35a 6,94 80,68 cd 20,85 36,04 a 5,07
102 75,34 b 24,05 34,94 a 2,79 70,52 f 5,63 34,52 a 0,64
Kontrol 60,73 e 33,99 a 66,76 g 343a

KB inokule edilmis ve yarim doz sulama yapilan yani kuraklik stresine maruz birakilan
bitkilerde 73, 55 ve 83 nolu izolatlar yas agirhigr %27-28 oraninda artirarak basarili
bulunmustur. Kuru agirlik bakimindan sonuglar degerlendirildiginde 6nemli bir farklar
goriilmese de en basarili izoltin 83 nolu izolat oldugu goriilmistiir. KB inokule edilen ve tam
sulama yapilan bitkilerde yas agirlik a¢isindan en iyi sonuglar 61, 73, 83 ve 55 nolu izolatlarda
negatif kontrole gore %15-25 daha fazla biyokiitle gelisimine firsat vererek elde edilmistir.
Yine kuru agirliklar incelendiginde izolatlar arasinda % etki bakimindan onemli farklar
gozlenmese de 83 nolu izolat en yliksek etkiyi géstermistir.

KB’lerden in vitro’ da Pst’ ye kars1 antagonistik etki gdsteren 73, 76 ve 102 nolu izolatlar
in vivo’ da Pst’ ye karst biyokontrol potansiyelleri agisindan testlenmistir. Bu izolatlara ek
olarak, Pst’ye kars1 in vitro testlerde antagonistik etkisi saptanamayan, ancak, kuraklik stresine
kars1 basarili bulunan 37, 55, 61 ve 83 nolu izolatlar da biyokontrol testine eklenmistir. Pst’ya
kars1 in vivo testlerden elde edilen sonuglar, Cizelge 3’ de toplu olarak verilmistir.

Cizelge 3. KB’lerinin domates bitkisinde bakteriyel benek etmeni Pst’ye karsi biyokontrol
etki sonuclar

izolat Tekerriirlerde saptanan hastalik Ortalama Hastalik PK’e gore etki

no siddeti (%) siddeti (%) (%)

37 30 20 35 30 28,75 bc* 28,12

55 20 15 20 35 22,5ab 43,75

61 25 25 30 25 26,25 abc 34,37

73 20 10 25 20 18,75a 53,12

76 15 20 20 20 18.75a 53,12

83 30 30 35 35 32,5cd 18,75
102 15 20 25 20 20 ab 50

PK 30 50 40 40 40d
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Biyokontrol testlerinde hastalik siddeti (%) bakimindan en iyi sonucu in vitro antogonisti
etki testinde de en basarili etkiyi gdsteren 76 nolu izolat ve 73 nolu izolat vermistir.

Kuraklik stresi ve biyokontrol testinde en iyi sonucu veren 76 ve 83 nolu KB izolatlari,
kuraklik ve Pst stresine kars1 birlikte in vivo denemelerinde test edilmistir. Kuraklik stresine
dayanim testinden elde edilen sonuglar toplu olarak Cizelge 4’de ve bakteriyel benek hastalik
siddeti (%)’ne etki bakimindan Cizelge 5’ da goriilmektedir.

Cizelge 4. Kuraklik stresine altinda KB izolati inokule edilmis bitkilerin toplam yas ve kuru
agirhiklar

Kuraklik stresi varhginda bitki biyomasi (g/bitki) Kuraklik stresi yoklugunda bitki biyomasi
izolat no (g/bitki)
Yas NK’ ye Kuru NK’ ye Yas NK’ ye Kuru NK’ ye
agirhk* gore % agirhk* gore % agirhk* gore % agirhk* gore %
bitki bitki bitki bitki
gelisimi gelisimi gelisimi gelisimi
76 86,53 b** | -%4,34 35,46 b** | -%2,34 82,33 a** | %3,32 34,67 c** | -%4,49
83 70,46 ¢ -%22,10 35,44 b -%2,39 79¢ -%0,85 35,33 b -%2,67
NK 90,46 a 36,31a 79,68 b 36,3 a

Kuraklik stresi altinda KB inokule edilmis bitkilerin toplam yas agirliklar1 bakimindan
incelendiginde en 1yi sonucu kontrol bitkilerinin verdigi goriilmiistiir. Kuraklik stresine maruz
birakilmayan bitkilerde, yani tam sulama yapildiginda en basarili izolat 76 nolu izolat olmustur.

Cizelge 5. KB’ lerinin domates bitkisinde bakteriyel benek etmeni Pst’ye karsi biyokontrol
etki sonuclari

Izolat Tekerriirlerde saptanan hastalik Ortalama Hastalik PK’e gére etki
no siddeti (%) siddeti (%) (%)
76 15 20 20 20 18.75 a* 53,12
83 30 30 35 35 32,5b 18,75
PK 30 50 40 40 40b

4. GENEL DEGERLENDIRME VE SONUCLAR

Ulkemiz domates yetistirciliginde uzun yillardir varlig: bilinen Pst’nin kontrol edilmesi
ireticiler acisindan oldukga zordur. Domates iiretim alanlarinda kuraklik stresinden kaynakli
bitkilerin optimum gelisme kosullarinin siirlanmasi, hastalik etmeninin yikict etkisini
artirirken, hastalik baskisi altinda bitkilerin direnglerini de azaltmaktadir. Son zamanlarda, kok
bakterilerini de igeren bitki gelisimini destekleyen bakterilerin sahip olduklar1 farkli
mekanizmalar ile hem biotik hem abiotik strese kars1 bitkilerin toleransini artirabildigi, bilimsel
calismalar ile 1spatlanmistir (Akbaba and Ozaktan, 2018).
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Bitkiler kuraklik stresine maruz kaldiklarinda fiziksel, molekiiler ve biyokimyasal
yanitlar vermektedirler (Shao et al., 2008). Kuraklik stresi fotosentetik membran lipidlerine,
pigmentlere, niikleik asit ve proteinlere zarar veren reaktif oksijen tlirevlerini arttirmaktadir
(Yordanov et al., 2000; Egert and Tevini, 2002). Yaptigimiz ¢alisma kuraklik stresi konusunda
yapilan ¢alismalar ile paralelik gostermis ve bitki gelisiminin kok bakterileri ile tesvik edildigi
domates bitkilerinde gelisimin kuraklik stresinin hissedildigi kosullarda kontrol bitkileri ile
karsilastirildiginda normal seyrinde devam ettigi tespit edilmistir.

Domates bitkilerinde bu hastalik etmenine kars1 ¢alismamizda oldugu gibi kok
bakterilerini igeren yararli bakterilerin etkin bir kontrol araci olarak kullanilabilecegi
goriilmektedir. Hastalik baskisi altinda kullandiklari farkli mekanizmalar ile bitkide dayanikligi
artiran, hastalik etmeni ile rekabete giren ve bitkinin ihtiya¢ duydugu bazi metabolitleri ve
hormonlar1 sentezleyebilen bu bakteriler, hastalik etmeninin gelisimi i¢in uygun konukgu ve
ortamin elverisliligini sinirlandirmaktadir (Aktas ve Kotan, 2015). Bu durum bitkinin hastalik
etmenininin yikici etkisini tolera etmesine firsat vermektedir.

Tez calismasinin dikkati ¢eken bir sonucu da, in vitro kosullarda PEG ile yaratilan osmotik
strese 1yl yanit veren KB izolatlar1 in vivo kuraklik testinde de basarili bulunmustur. Bu
ozelligiyle, PEG testi in vitro eleme agisindan basarili bulunmustur denilebilir (Michel and
Kaufmann 1973). KB’ler genelde Pseudomonas, Bacillus, Lactobacillus, Paenibacillus,
Pantoae genuslarinda yer alan bakterilerdir (Luz, 2000). Calismalar 6zellikle Pseudomonas
ve Bacillus genuslarinda yogunlasmistir (Compant et al., 2005). Bununla birlikte ticari
preparatlar Bacillus genusunda daha fazladir (Kloepper et al., 2004). Bu tez ¢alismasinda
basarili bulunan 73, 76 ve 83 nolu KB izolatlarinin da genel olarak Floresan Pseudomonas ve
Pantoea agglomerans tiirlerine dahil olamsi literatiir bilgileriyle tutarli bulunmustur.
Yaptigimiz bu ¢aligmada, kuralik stresi kosullarinda etkili olan ve Pst’yi baskilama 6zellikleri
bulunan bitki gelisimini tesvik eden KB kullanilarak, kuralik stresi ve hastalik baskisi1 altinda
KB’nin domates bitkilerinin gelisimine olan etkileri degerlendirilmistir. KB izolatlar1 bitki
gelisimi agisindan sadece kuraklik stresin altinda basarili olmalarina ragmen, Pst ile birlikte
yapilan testte ayn1 etkiyi gosteremedikleri goriilmiistiir. Bu duruma ragmen, KB’ler 6nceki
testte oldugu gibi hastaligi farkli oranlarda engelleme basaris1 gostermistir. Bitki tizerindeki
stres faktorleri arttikga bitki gelisiminde KB’lerin o6nceki testlerdeki kadar basar
gosterememelerinin sebebi; bitkilerin optimal kosullarda gelisimi i¢in kullandigi enerji
maddelerinin, salgiladig1 metabolit ve hormonlarin akis yonleri ve kullanim seviyeleri stress
altinda asir1 diizeyde degismekte ve kritik seviyelerin lizerine ¢ikmaktadir.

KB’lerinin kuraklik ve Pst stresine karsi etkilerinin in vivo kosullarda denenmesi
sonuclarina bakildiginda tam sulama yapilan bitkilerde 76 nolu izolat en 1yi sonucu vermistir.
Bunun sebebi kuraklik stresi olmadigi kosulda 76 nolu izolatin Pst’ ye karsi biyokontrol
etkisinin daha fazla olmas1 ve kontrole gore hastaligi daha fazla engelleyerek bitki gelisiminin
hastaliktan daha az engellenmesi olabilir.
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