OZET

Yag asidi metabolizmasi yag asidi sentezi (lipogenez), mitokondride gerceklesen beta-
oksidasyon ve endoplazmik retikulumda gergeklesen omega-oksidasyon gibi temel
stiregleri icermektedir. Bu metabolik yollar, 6zellikle kanser hiicrelerinde yeniden
programlanarak hiicrelerin enerji ihtiyacini1 karsilamada ve hayatta kalmada avantaj
saglamaktadir. Forkhead box ailesi proteinleri (Forkhead box, class O, FoxO)
proliferasyon, apoptoz, farklilasma, stres kosullarinda direng gibi hiicresel siire¢lerde
rol alarak diyabet, kanser, vaskiiler hastaliklar ve hiperglisemi gibi yasam siiresinin
diizenlenmesinin 6nemli oldugu bir¢ok hastalikla iliskilendirilmektedirler. FOXO
ailesi tiyelerinden FOXO3A (Forkhead box O3a), bircok hastalikta genis capta
calisilan  bir transkripsiyon faktoriidiir. Hiicre siklusunun devamliliginda,
proliferasyon, apoptoz, metastaz ve anjiyogenez gibi farkli metabolik stireclerde
gorevli bircok genin aktivitesinden ya da inhibisyonundan sorumlu bir regiilat6r olarak
gorev almaktadir. FOXO3A tlimor baskilayici 6zellige sahip bir transkripsiyon faktorii
olarak hiicre icerisinde dogrudan ya da dolayli sekilde ¢esitli sinyal yollarinin
regililasyonunda rol oynamaktadir. Bu baglamda, FOXO3A’nin kanserde yag asidi
metabolizmasinda hangi proteinler ile etkilesimde oldugunun belirlenmesi 6nem arz
etmektedir. Bu tez calismasinda, kanser hiicrelerinde enerji metabolizmas1 agisindan
hayati 6neme sahip olan yag asidi metabolizmasi ile ¢ok yonlii bir transkripsiyon
faktorii olan FOXO3A arasindaki potansiyel etkilesimlerin in silico analizler ile
belirlenmesi amaglanmaktadir. Bu amag kapsaminda, hiicre kaderinin belirlenmesinde
onemli roller iistlenen tlimor baskilayict FOXO3A’nin yapisal ve fonksiyonel
Ozellikleri, transkripsiyonel aktiviteleri, post-translasyonel modifikasyonlar ile nasil
diizenlendigi ve hiicredeki alt hiicresel lokalizasyonunun nasil kontrol edildigi literatiir
verileri  kullanilarak  agiklanmistir.  Ardindan, FOXO3A’'nin, yag asidi
metabolizmasinda gorev alan proteinlerle olasi fiziksel veya fonksiyonel etkilesimleri

in silico analizler araciligiyla tahmin edilmistir.

Bu dogrultuda, calismada ilk olarak FOXO3A genindeki varyantlarin yapisal ve
islevsel etkileri detayl1 bir sekilde analiz edilmistir. Oncelikle, Ensembl VEP, CADD
ve REVEL gibi biyoinformatik araglar kullanilarak varyantlarin patojenite
potansiyelleri degerlendirilmis, ardindan Varsome tizerinden bu varyantlarin klinik

siniflandirmalar1 ve evrimsel korunum skorlar1 yorumlanmaistir. Analizler sonucunda
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yiiksek riskli oldugu 6ngoriilen bazi varyantlar segilerek bu varyantlarin FOXO3A
proteininin ti¢ boyutlu yapist tizerindeki etkileri incelenmistir. Yapisal modelleme ve
molekiiler dinamik simiilasyonlar1 araciligiyla, mutasyonlarin protein stabilitesi, igsel
bozukluk bolgeleri ve potansiyel etkilesim yiizeyleri lizerindeki etkileri karsilastirmali
olarak degerlendirilmistir. FOXO3A ve yag asidi metabolizmasiyla iliskili proteinlerin
dizileri ve ti¢ boyutlu yapilar1 veri tabanlarindan elde edilmistir. Ardindan ColabFold
aract kullanilarak FOXO3A’nin potansiyel etkilesim partnerleri belirlenmistir.
Belirlenen proteinlerin ti¢ boyutlu yapilar1 ¢esitli kalite kontrol analizleri ile
dogrulanmis ve yapilarin giivenilirligi degerlendirilmistir. HDCOK ve Hawkdock
molekiiler yerlestirme platformu kullanilarak FOXO3A ile aday proteinler arasinda
olast baglanma senaryolar1 modellenmistir. Bu baglanmalarin detaylandiriimasi
amaciyla baglanma arayiizi analizleri Chimera X ile ger¢eklestirilmis, evrimsel
korunmusluklart1 Consurf veri tabaninda arastirilmis ve Beat Music sunucusu
araciligyla bolgeye 0Ozgii yaratilan mutagenez ile kritik amino asit kalintilari

belirlenmistir.

Elde edilen sonuclarda yag asidi metabolizmasinda gorevli olan ACSL1 proteinin
FOXO3A proteini ile yiiksek baglanma ara ytizii skoruna sahip oldugu belirlenmistir.
Elde edilen FOXO3A-ACSL1 kompleksinin dinamik davraniglarii degerlendirmek
amaciyla GROMACS ile molekiiler dinamik simiilasyonlar1 gerceklestirilmis,
baglanma kararlilig1 ve etkilesim ylizeyleri zaman i¢inde analiz edilmistir. Ayrica,
intrinsik olarak diizensiz bolgelerin tespiti i¢in rezidii bazli bozukluk tahmin

algoritmalar1 ve fonksiyonel bozukluk iligkili analizler kullanilmistr.

Bu c¢alisma sonucunda elde edilen bulgular ile FOXO3A’nin yag asidi
metabolizmasinda gorevli potansiyel etkilesim partnerleri belirlenmektedir. Ayni
zamanda, FOXO3A’'nin metabolizma-bagimli kanser tiirlerinde potansiyel bir
biyobelirte¢ veya terapotik hedef olarak degerlendirilebilecegini ortaya koymaktadir.
Bu yoniiyle ¢alisma, metabolik yeniden programlanmanin kontroliinde FOXO3A gibi
transkripsiyon faktorlerinin merkezi rollerini vurgulayarak hem kanser tedavisinde

yeni potansiyel hedefler sunmaktadir.
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ABSTRACT

Fatty acid metabolism includes fundamental processes such as fatty acid synthesis
(lipogenesis), beta-oxidation occurring in the mitochondria, and omega-oxidation
occurring in the endoplasmic reticulum. These metabolic pathways are especially
reprogrammed in cancer cells, providing an advantage in meeting the energy needs of
the cells and in survival. Forkhead box proteins (Forkhead box, class O, FoxO) play
roles in cellular processes such as proliferation, apoptosis, differentiation, and
resistance under stress conditions and are associated with many diseases in which the
regulation of lifespan is important, such as diabetes, cancer, vascular diseases, and
hyperglycemia. Among the members of the FOXO family, FOXO3A (Forkhead box
03a) is a transcription factor widely studied in many diseases. It acts as a regulator
responsible for the activation or inhibition of many genes involved in various
metabolic processes such as cell cycle progression, proliferation, apoptosis, metastasis,
and angiogenesis. As a tumor suppressor transcription factor, FOXO3A plays a role in
the regulation of various signaling pathways either directly or indirectly within the
cell. In this context, identifying which proteins FOXO3A interacts with in fatty acid

metabolism in cancer is of great importance.

In this thesis study, it is aimed to determine the potential interactions between fatty
acid metabolism, which is of vital importance in terms of energy metabolism in cancer
cells, and the multifunctional transcription factor FOXO3A through in silico analyses.
For this purpose, the structural and functional properties of the tumor suppressor
FOXO3A, which plays important roles in determining cell fate, its transcriptional
activities, how it is regulated by post-translational modifications, and how its
subcellular localization is controlled were explained using literature data. Then, the
possible physical or functional interactions of FOXO3A with proteins involved in fatty

acid metabolism were predicted through in silico analyses.

In this direction, firstly, the structural and functional effects of the variants in the
FOXO3A gene were analyzed in detail. First, the pathogenicity potentials of the
variants were evaluated using bioinformatics tools such as Ensembl VEP, CADD, and
REVEL, and then the clinical classifications and evolutionary conservation scores of
these variants were interpreted via Varsome. As a result of the analyses, some variants

(e.g., R249L) predicted to be of high risk were selected, and the effects of these
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variants on the three-dimensional structure of the FOXO3A protein were examined.
Through structural modeling and molecular dynamics simulations (RMSD, RMSF,
Rg), the effects of mutations on protein stability, intrinsically disordered regions, and
potential interaction surfaces were comparatively evaluated. The sequences and three-
dimensional structures of FOXO3 A and proteins associated with fatty acid metabolism
were obtained from databases. Then, potential interaction partners of FOXO3A were
identified using the ColabFold tool. The three-dimensional structures of the identified
proteins were validated with various quality control analyses, and the reliability of the
structures was evaluated. Possible binding scenarios between FOXO3A and candidate
proteins were modeled using the HDOCK and HawkDock molecular complex
modeling platforms. In order to detail these bindings, binding interface analyses were
carried out with Chimera X, their evolutionary conservation was investigated in the
Consurf database, and critical amino acid residues were identified through region-

specific mutagenesis created with the Beat Music server.

In the obtained results, it was determined that the ACSL1 protein, which is involved
in fatty acid metabolism, had a high binding interface score with the FOXO3 A protein.
In order to evaluate the dynamic behaviors of the obtained FOXO3A-ACSL1 complex,
molecular dynamics simulations were performed with GROMACS, and binding
stability and interaction surfaces were analyzed over time. In addition, residue-based
disorder prediction algorithms and functional disorder-related analyses were used to

detect intrinsically disordered regions.

With the findings obtained from this study, potential interaction partners of FOXO3A
involved in fatty acid metabolism are identified. At the same time, it is revealed that
FOXO3A can be considered a potential biomarker or therapeutic target in metabolism-
dependent cancer types. In this respect, the study emphasizes the central roles of
transcription factors such as FOXO3A in the control of metabolic reprogramming and

offers new potential targets in cancer treatment.
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