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ABSTRACT

Elongation factor Tu (EF-Tu) is a member of G protein family, and as part of a ternary complex
with GTP, plays a critical function in translation by delivering aminoacyl-tRNA to the ribosome.
Like other G proteins, the function of EF-Tu depends on whether GTP or GDP is bound. When EF-
Tu is complexed with GTP, it can bind the aminoacyl-tRNA. Upon cognate codon-anticodon
pairing, GTP is hydrolyzed and EF-Tu is separated from the ribosome leaving the aminoacyl-tRNA
at the A-site. Hence, GTP hydrolysis is the critical step for the activity of the protein [1, 2].

To identify the residues involved in GTP hydrolysis mechanism of EF-Tu, we have used QM/MM
methods. In particular, we have focused on the roles of Histidine 85 (His85) and Arginine 57
(Arg57) (T. aquaticus numbering). These residues can be situated inside or outside of the active
site depending on the conditions. Therefore we have studied three different models: one with
His85 in the active, one with Arg57 in the active site and one where both His85 and Arg57 are
outside of the active site. Our results indicate that the presence of Arg57 or His85 in the active
site decreases the activation energy, indicating that these residues have catalytic roles.

Another important issue is to determine whether the hydrolysis reaction proceeds via an
associative or dissociative path [3]. To this end, different model structures representing the
associative or dissociative path of GTP hydrolysis have been optimised and the energy values
have been compared in order to identify the mechanism. All optimised transition structures have
associative character. Stationary points involved in a dissociative mechanism could not be
located, suggesting that such a mechanism is unlikely, at least for the models studied. We
observe that the energy increases at the points where the dissociative path is supposed to
occur.
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OZET

Uzama Faktori Tu (EF-Tu) bir G proteindir ve GTP ile Ugli kompleksi halinde dogru amino asidin
ribozoma tasinmasinda gorev alir. Diger G proteinlerinde oldugu gibi EF-Tu proteinin fonksiyonu
GTP veya GDP bagh olup olmamasina go0re degisir. EF-Tu sadece GTP ile kompleks
olusturdugunda aminoasil-tRNA’ya baglanabilir Dogru kodon ve antikodon eslesmesi
saglandiginda GTP hidrolizi gerceklesir ve EF-Tu ribozomdan ayrilarak aminoasil-tRNA'yI
ribozomun A bodlgesinde birakir. GTP hidrolizi proteinin aktivitesi icin en kritik adimdir [1, 2].

Bu calismada GTP hidrolizinde gorev alan kalintilari teaspit etmek icin, QM/MM metotlari
kullanildi. Genel olarak Histidin 85 (His85) ve Arjinin 57 (Arg57) (T. aquaticus numaralandirmasi)
kalintilarinin rolleri tzerine odaklanildi. Bu kalintilar kosullara bagh olarak aktif bélgenin disinda
veya icinde konumlanabilir. His85'in aktif bolgede konumlandirildigi, Arg57'nin aktif bdlgede
oldugu ve her iki kalintinin da aktif bdlgenin disinda oldugu farkli modeller incelendi.
Sonuclarimiz Arg57 ve His85’in aktif bdlgede yer almasi durumunda aktivasyon enerjisinin
azaldigini ve bu kalintilarin katalitik rol Ustlendigini gosterdi.

Diger dnemli bir konuda da hidroliz reaksiyonunun asosyatif veya disosyatif yoldan gerceklesip
gerceklesmedigidir [3]. GTP hidrolizini temsil eden farkli asosyatif ve disosyatif model yapilar
optimize edildi ve enerji degerleri karsilastirildi. Tum optimize edilen gecis yapilar asosyatif
karakter gosterdi. Calisilan modellerde disosyatif mekanizmaya ait duragan noktalar elde
edilemedi. Disosyatif mekanizmanin gerceklesmesinin olasi oldugu noktalarda enerjinin arttigini
g6zlemlendi.
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