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Abstract

The copper-binding ability of the prion protein is thought to be closely
related to its function. The human prion protein contains a copper-binding
octapeptide region, where the octapeptide PHGGGWGQ is repeated four
times consecutively. This work focuses on investigation of the structure and
the dynamics of the octapeptide region by means of theoretical methods.
Quantum chemical structural optimization allowed a detailed comparison
of the interaction of several cations at the copper coordination site. These
calculations identified rhodium(III) as a potent substitute for copper(II) that
could be used to study the coordination site with NMR-spectroscopic methods.
Solvation models that could be used in molecular dynamics simulations as an
alternative to periodic boundary conditions were evaluated. Periodic boundary
conditions are the best method for modeling the aqueous bulk in the kind of
systems that are studied in this work. Molecular dynamics simulations were
used to compare the behavior of the octapeptide region in the absence and
presence of copper ions. Interaction between nonpolar rings strongly influences
the structure of the region in the absence of copper ions. Four different non-
bonded and bonded models for describing the interaction between copper and
the protein were evaluated. Theoretical EXAFS spectra were calculated from
the simulated structures. The results obtained for the bonded model are nearly
identical with experimental data, which validates the use of the bonded model.
This work thus shows strong evidence for copper(II) ions interacting with
the octapeptide region through the histidine imidazole Nδ, the deprotonated
nitrogen atoms of the following two glycine residues and the carbonyl oxygen
atom of the second glycine residue. Notably, the simulations show that the axial
sites of the copper ion do not stably coordinate water molecules in solution,
as opposed to the crystal structure reported for the coordination site. Instead,
the tryptophan indole ring interacted directly with the copper ion through
stabilizing cation-π interaction without water mediation. The interaction of
the indole ring with the copper ion was well-defined and was observed to occur
on both sides of the coordination plane. The investigations of the interaction
between copper ions and the octapeptide region with molecular dynamics
simulations show how the presence of copper ions results in a more structured
octapeptide region.
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