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ABSTRACT

This thesis is composed of two different parts, aiming to predict and understand
the protein structure from their contact maps. In the first part, residue contacts of a
protein are predicted using neural networks in order to obtain structural constraints for
the three-dimensional structure. Physical and chemical properties of residues and their
primary sequence neighbors are used for the prediction. Our predictor can predict 11%
of the contacting residuees with a false positive ratio of 2% and it performs 7 times
better than a random predictor.

In the second part, a new method is developed to model a protein as a network of
its interacting residues. Small-world network concept is utilized to interpret the
parameters of residue networks. It is concluded that proteins are neither regular nor
randomly packed but between these two extremes. Such a structure gives the proteins
the ability for fast information relay between their residues. They can undergo necessary
conformational changes for their functions on very short time scales. Also, residuee
networks are shown to obey a truncated power-law degree distribution instead of being
scale-free. This shows that proteins have fewer structurally weak points, whose failure
would be total damage for the system. This finding conforms to evolutionary plasticity
of proteins: Having a low number of weak points makes the mild DNA mutations to be

translated into the protein structure as highly tolerable.
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OZET

Bu tez c¢alismasinda, proteinlerin temas matrisleri kullanilarak yapilar1 tahmin
edilmeye ve anlasilmaya ¢alisilmustir. Iki bdliimden olusan bu tezin ilk béliimiinde, sinir
aglar1 kullanilarak, proteinler i¢in yapisal sinirlamalar bulmak amaciyla residii temaslari
tahmin edilmistir. Bu tahminler i¢in residiilerin fiziksel ve kimyasal o6zellikleri, ve
birincil sekanstaki komsular1 kullanilmistir. Sonug¢ olarak, birbiriyle temas eden
residiilerin % 11’1 dogru, temas etmeyen residiilarin % 2’si yanlis tahmin edilmistir, ve
rastlantisal bir tahminden 7 kat daha iyi sonuglar elde edilmistir.

Ikinci béliimde, bir proteini, temas eden residiilarindan olusan bir ag olarak
modellemek icin yeni bir yontem gelistirilmistir. Bu aglarin yapisal 6zelliklerini
anlayabilmek icin kiiclik-diinyalar fikri kullanilmistir. Gosterilmektedir ki, residiiler
proteinler i¢inde ne diizglin ne de rastlantisal bir sekilde organizedir, kii¢iik-diinya
aglarina benzer bir organizasyona sahiptirler. Boyle bir yapi, proteinleri ¢ok kisa
zamanlar dahilinde biiyiik yapisal degisimler gecirebilmesini olanakli kilmaktadir.
Ayrica, residii aglarmin komsu sayist dagilimlart da kesik Olgeksiz dagilimlar
seklindedir. Bu da proteinlerin ¢ok az sayida yapisal hassas noktalar icerdigini
gostermektedir. Proteinlerin evrim siirecinde sayisiz biyolojik islevi gergeklestirebilecek
sekildeki degisimleri bu sonucu desteklemektedir. Bunun nedeni,, az sayida hassas
noktanin varligi kiicik DNA mutasyonlarinin proteinlerinin yapisina yansimasina

olanak saglamasidir.
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