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Investigating the Transthyretin Amyloid Formation Mechanism Using Solid-State NMR
Dasari, A.; Lim, K.H. (East Carolina U., Chemistry); Hung, I. and Gan, Z. (NHMFL)
Introduction

Transthyretin (TTR) is a homotetrameric protein with 127 amino acid residues in each monomer and is rich in β-sheet structure in which eight β-strands are arranged in a β-sandwich consisting of two β-sheets (strands CBEF and DAGH). Misfolding/unfolding of TTR to form beta sheet rich amyloid is associated with numerous amyloid diseases. It is important to understand the misfolding/amyloid formation mechanism towards the development of

therapeutic strategies. Our previous solution and solid-state NMR results showed that significant native-like structures were observed in the aggregation prone-states and in amyloid state.1,2 Here we intended to probe a distinct amyloid formation pathway at pH 2.4 by solid-state NMR.
Experimental


The protein samples were expressed and purified using a bacterial expression system. The DNA plasmids (pMMHa) for TTR were kindly provided by Prof. Kelly (Scripps, CA). Amyloid samples were obtained by incubating ~ 35 mg of protein for a period of 40 days at 37 °C at pH 2.4 by addition of phosphoric acid. One-dimensional (1D) CPMAS and 2D PDSD NMR experiments were performed on an 830 MHz solid-state NMR facility equipped with 3.2 mm MAS probe in the NHMFL (Tallahassee).
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Results and Discussion


For this study, amino acids were selectively labelled to generate isolated 13C-13C dipolar-coupled spin pairs in the native β-sheet. For instance, 13CO- Leu and 13Cα- Tyr were labelled which resulted in three dipolar-coupled spin pairs between AGH strands in the native state as shown in (Fig 1a). This spectrum was compared with the spectrum obtained from similarly labelled amyloid form at pH 2.4. The three cross peaks obtained in the amyloid form are indicative of the proximity of the labelled residues in each spin pair i.e, less than 6Å. This has shown that AGH strands were preserved in the amyloid state at pH 2.4. Similar experiments were performed for the remainder of the structure including DA strand. In DA strand, 13CO- Leu and 13Cα- Met resulted in two spin pairs (L12-M13) and (L55-M13) in the native state and amyloid state at pH 4.4, but resulted in only one pair (L12-M13) at pH 2.4 (Fig 1b). This indicated that DA strand is unfolded/disordered during the amyloid formation at pH 2.4. Solid-state NMR data and our other spectroscopy and kinetic studies indicated the presence of at least two different amyloid formation pathways at pH 4.4 and 2.4. Cross peaks were assigned based on the previous assignments1,2, BMRB 5507, and site directed mutagenesis.
Conclusions

The observed 13C-13C correlations indicated that native-like structures were preserved in the amyloid state at pH 2.4 with an unfolding of DA strand and the presence of different amyloid formation pathways at different conditions.   
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Fig.1   2D PDSD spectra of amyloid forms of TTR obtained using a mixing time of 500 ms at a 1H frequency of 830 MHz.









