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ABSTRACT

Heat shock protein Hsp70 is a chaperon which helps folding of other proteins. It consists of two
domains: a nucleotide binding domain where ATP or ADP binds and a substrate binding domain
where the protein to be folded binds [1]. In the presence of ATP, the substrate affinity of Hsp70
is low. Binding of a substrate triggers ATP hydrolysis. In ADP bound form, the substrate affinity is
high [1]. The allosteric communication between the two domains is mediated by a linker. The
ATPase activity is pH dependent, the optimum pH being around 7.5 [2].

This study aims at understanding the role of the linker in triggering the ATP hydrolysis and the
origin of the pH dependence of the reaction using molecular dynamics simulations.

It is experimentally known that an Hsp70 construct containing only the nucleotide binding
domain and the linker has the same ATPase rate as the full length Hsp70. Hence, in order to
reduce the computational cost, simulations have been made on a truncated Hsp70 structure.
Several simulations with different nucleotide states (ATP bound, ADP bound or nucleotide free)
and with different starting geometries have been carried out in order to determine possible
positions of the linker and its effect on the active site arrangement. Moreover, pKa values of
some important residues inside or near the active site [3, 4] have been calculated via
thermodynamic integration simulations.

Thermodynamic integration simulations indicate that Asp194 and Asp201 have elevated pKa
values, suggesting that these residues may be protonated at pH 7.5. Asp8 and Glul71 have
lower pKa values, hence are probably unprotonated. Simulations with different protonation
states of Asp194 and Asp201 have been carried out. It has been observed that the protonation
states of these residues affect the conformational behavior of Hsp70.
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OZET

Isi sok proteini Hsp70 baska proteinlerin katlanmasina yardimci olan bir saperon proteindir. ATP
ya da ADP’nin baglanabildigi bir nikleotit baglanma domeni ve katlanacak proteinin baglandigi
bir substrat baglanma domeni olmak Uzere iki domenden olusur [1]. ATP varliginda Hsp70’in
substrat ilgisi disuktur. Substrat baglanmasi ATP hidrolizini tetikler. ADP bagli halde substrat
ilgisi yUksektir [1]. iki domen arasindaki allosterik iletisim bir baglac tarafindan saglanir. ATPaz
aktivitesi pH bagimhdir ve optimum pH 7.5 civarindadir [2].

Bu calisma, ATP hidrolizinin tetiklenmesinde baglacin rolinin ve tepkimenin pH bagimliliginin
kaynaginin molekiler dinamik similasyonlari yoluyla anlasiimasini hedeflemektedir.

Deneysel olarak yalnizca nikleotit baglanma domeni ve baglaci iceren bir Hsp70 yapisinin tim
dizim Hsp70 ile ayni ATPaz hizina sahip oldugu bilinmektedir. Bu ylzden, hesap zamanini
azalmak amaciyla, simulasyonlar bu kisaltilmis Hsp70 yapisi Uzerinde gerceklestirildi. Farkli
nukleotit baglanma halleri (ATP bagh, ADP bagh, nikleotitsiz) ve farkli baslangic geometrileri ile
cok sayida simulasyon gerceklestirilerek baglacin olasi konumlari ve bunun aktif bdlge
dizenlenmesine etkisi arastirildi. Ayrica, aktif bolge icinde ya da yakininda bulunan bazi 6nemli
amimo asitlerin [3, 4] pKa'lar termodinamik integrasyon simulasyonlari ile hesaplandi.
Termodinamik integrasyon simulasyonlari Aspl94 ve Asp201 kalntilarinin yuksek pKa
degerlerine sahip oldugunu ve pH 7.5 civarinda protonlu halde bulunabileceklerini gdsterdi.
Asp8 ve Glul71'in pKa'larinin daha disuk oldugu ve muhtemelen protonsuz halde olduklari
g6zlemlendi. Aspl94 ve Asp201’in farkli protonlanma halleri ile simulasyonlar yapildi. Bu
kalintilarin Hsp70’in konformasyonel davranisini etkiledigi gorulda.
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