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Transmissible spongiform encephalopathies (TSEs) in mammals are neurodegenerative diseases 
caused by an infectious agent called prion, which seems to be exclusively composed of the disease-
related isoform PrPSc of the cellular prion protein PrPC [1]. Although its function is still the subject 
of debate, accumulating evidence links PrPC function to its ability to bind Cu2+. Several studies 
have focused in the interaction of the prion protein with copper in the N-terminal domain of the 
protein, specifically in the octarepeat region, which consists of four tandem repeats of the sequence 
PHGGGWGQ. The large flexibility of the unstructured N-terminus so far has made impossible a 
complete structure determination by NMR. The N-terminus of the prion protein becomes more 
structured in the presence of divalent copper, but the presence of paramagnetic ion centers limits 
standard NMR structural analysis because of the fast relaxation of the Cu2+ ion. Therefore, a variety 
of other spectroscopic techniques has been applied to characterize the copper peptide binding site 
in the prion protein.  

Our investigations are addressed to infer the solution-state geometry of the copper binding site in 
the N-terminus of the PrPC. To investigate the geometry of the peptide-Cu2+ complex, a new 
method for structure determination of the copper environment was developed. This method 
combines molecular dynamics computations with spectroscopic data from electron paramagnetic 
resonance (EPR), electron nuclear double resonance (ENDOR) and X-ray absorption fine structure 
spectroscopy (EXAFS). Computations are used to select sterically possible structures which are 
sorted attending to certain restraints inferred from the spectroscopic data. The selected structures 
are analyzed by 1H-ENDOR and XAS simulation programs, which allow to compare computed 
spectra with the experimental spectra of the copper complex. In this method, EXAFS measurements 
have turned out to be of main importance, acting as a filter for ligand distances, multiple scattering 
contributions and planarity of the studied system. As a first attempt, the method has been tested and 
successfully applied to the octarepeat-Cu2+ complex in NEM [2]. The resulting structure fits our 
EXAFS spectrum with very good accuracy as it is shown in Figure 1. Experimental spectra have 
been carried out in the Beamline D2 of the European Molecular Biological Lab (EMBL), at 
HASYLAB in Hamburg. The EXAFS data were treated by standard procedures used at the EMBL 
outstation Hamburg [3]. The k3-weighted  Cu2+ EXAFS spectra were refined with software package 
EXCURV 9.262 [4] using a least-square refinement algorithm.  

Our aim is to extend this method to the full-length PrP, PrP23-231. Copper binding to PrP is 
optimal at neutral and slightly basic pH, where the PrP solubility is very low. This fact leads to low 
PrP-Cu2+ complex concentrations in the sample, which do not allow the recording of EXAFS and 
EPR signals with sufficient intensity for subsequent analysis. Therefore, our chosen strategy consist 
of loading Cu2+ into the peptide at low concentrations at slightly acidic and neutral pH and 
subsequently increasing the concentration of the samples by precipitation of the peptide-Cu2+ 
complex. To control the possible influences of the precipitating agents on the native PrP fold, we 
also recorded EXAFS and EPR spectra of one unprecipitated sample of PrP-Cu2+ complex at pH 
6.0. All three spectra show essentially the same form, particularly in the region for k-values from 3 
to 7 Å-1. This similarity of the spectra is independent of the pH variation and of the precipitation. 
Such peaks are typical for multiple scattering by imidazole rings. This in fact is the expected 
signature of the histidine sidechains in the octapeptide repeat region, which are known to 
participate in binding of copper to PrP. In this particular case the amplitude of these peaks due to 
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multiple scattering and the relation of their amplitudes in the Fourier transformation of the k3-
weighted EXAFS spectra suggest the simultaneous involvement of two imidazole rings in the 
coordination of the Cu2+ ion.  

The octapeptide-Cu2+ complex study resulted in a simulated structure with the participation of a 
single imidazole in the copper coordination. Comparision of the PrP-Cu2+ samples with the 
octapeptide-Cu2+ sample reflects differences in the region 4 to 5.5 Å-1, where the multiple-
scattering contribution of imidazoles is known to take place [Figure 1].  

 

Figure 1: k3-weighted XAS spectra of samples A-D. A: the solid line shows the spectrum of the octapeptide-
Cu2+ complex in NEM at pH 7, while the dotted line is the simulation [2]; B: spectrum of the human PrP(23-
231) at pH 6 in its precipitated form; C: human PrP(23-231) at pH 7 in its precipitated form; D: human 
PrP(23-231) at pH 6 in solution. 
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