14N ELECTRON SPIN ECHO ENVELOPE MODULATION SpectroscopIC ANALYSIS OF the Relative Orientation of Imidazole Ligands in MODELS FOR Cu(II) INTERACTIONS WITH THE –AMYLOID PROTEIN OF ALZHEIMER’S DISEASE

Jessica Hernández-Guzmán, Li Sun, and Kurt Warncke
Department of Physics, Emory University, Atlanta, Georgia 30322

Alzheimer’s Disease (AD) is associated with the aggregation and fibrillization of the -amyloid protein (A).  In vitro studies have shown that the Zn(II) and Cu(II) ions accelerate or arrest fibrillization, depending upon the length and amino acid sequence in truncated and mutated A peptides, and that the metal ions can alter the fibril structure [1]. The coordination of Zn(II) and Cu(II) by peptide histidine imidazole sidechains is proposed to play an important role in determining the fibrillization “switch” [1].  Our aim is to develop techniques of X-band electron spin echo envelope modulation (ESEEM) spectroscopy to determine the molecular structure of the Cu(II)-histidine imidazole coordination in cryotrapped soluble and fibrillar forms of A peptides, in order to gain insight into the factors that govern fibrillization.  Here, we focus on a method to determine the mutual orientation of the imidazole rings in Cu(II)–bis-imidazole complexes, including the  cis- versus trans- coordination. Three different model compounds were addressed: single imidazole [Cu(II) diethylenetriamine 2-methylimidazole], bis-trans imidazole [Cu(II) bis-histamine], and bis-cis imidazole [Cu(II) cis-bis(acetate)bis(2-methylimidazole)].  The ESEEM spectra from each model complex shows the remote imidazole 14N nuclear quadrupole, 0, _, +, and hyperfine-dominated double quantum, dq, features. For the bis-imidazole complexes, combination lines are displayed, including the double quantum harmonic, 2dq. The 2dq line shape depends on the relative orientations of the remote 14N hyperfine and nuclear quadrupole principle axis systems (PAS).  Powder ESEEM simulations [2] for  = 310 ns yield the 14N nuclear quadrupole and hyperfine tensors, and, for the bis-imidazole complexes, the Euler angles that specify the relative orientation of the two 14N hyperfine PAS.  The ESEEM generated model for both the bis-trans and bis-cis, complexes is in good agreement with the X-ray crystallographic structure and the reported values of the 14N hyperfine tensor.
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