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Structure Determination of β-Amyloid Oligomers and Investigation of their Formation Pathways
Wang, X.; Wi, S. (NHMFL) and Paravastu, A.K. (Georgia Inst. of Technology, Chemical and Biomedical Engineering)                                                           

Introduction 
      The formation of β-amyloid (Aβ) peptide aggregates including oligomers (AβOs) is a characteristic feature during the development of the Alzheimer’s disease. In this work, in order to study large AβOs formation, we utilized multiple-quantum coherences (MQC) spin counting techniques1 developed under MAS spinning condition to extract the size and configuration of localized nuclear spin clusters with the advantage of higher resolution and sensitivity provided by MAS.
Experimental

Experiments were performed at 11.7 T with a Bruker Avance III 500 spectrometer and a Bruker 2.5 mm triple resonance MAS probe using MQC pulse sequence developed by M. Edén1. The MAS frequency was 25 kHz.
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Results and Discussion


Experiments were performed on selectively 13C labeled samples of nanofibers formed by self-sampling peptide RADA16-I, as test systems for MQC spin counting techniques. Figure 1(a) shows a model of this peptide, and Figure 1(b) to (d) show a proposed molecular model showing 13C positions for the sample selectively labeled at A8-CO and A14-Cβ.2  
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Figure 2 shows experimental 13C MQC NMR spectra of A8COA14Cβ sample with 16 consecutive experiments, where MQ coherences generated are shown by numbers at the bottom axis. The A8-CO 13C shows up to 4-quanta with MQC excitation duration of 4 ms, indicating four spin 13C spin clusters. Based on the proposed molecular model Class 3R2 for this system2, simulations of MQC spectra3 will be generated and compared with experimental results. The agreement of molecular structure provided by abovementioned spin counting experiments and 2D fpRFDR and PITHIRDS-CT experiments will further validate the MQC method.
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Conclusions

We have shown 13C MQC spectroscopy is sensitive to the local geometry of RADA16-I nanofibers system, and therefore is a viable method to study peptide networks. The successful application of this method makes it a complementary approach to other homonuclear recoupling techniques to study Aβ protein aggregation.
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Fig. � SEQ Figure \* ARABIC �1� (a) A model of a RADA16-I molecule in a β-strand conformation, with all atoms drawn for the arginine (blue), alanine (green), and aspartate (red) side chains. (b)-(d) Molecular model Class 3R2 (β-sheet at an angle of 35 degree from fiber axis with an arrow or “X” indicating axis of nanofiber).2





Fig. � SEQ Figure \* ARABIC �2� 13C NMR signal amplitude of each MQC order of A14 Cβ (top) and A8 CO (bottom). 
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