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Solid-State NMR Structural Studies of Transthyrentin Amyloid

Lim, K.-H.; Dasari, A. (East Carolina U., Chemistry); Hung, I. and Gan, Z. (NHMFL)
Introduction 

Transthyretin (TTR) is a 55 kDa homotetrameric protein that binds and transports thyroxine in the cerebrospinal fluid and plasma. Amyloid formation of wild type and various mutant forms of TTR is associated with senile systemic amyloidosis (SSA) and familial amyloidotic polyneuropathy (FAP). Previous biophysical studies of TTR amyloidogenesis showed that tetrameric TTR dissociates to monomers and subsequently undergoes a conformational transition to a partially unfolded intermediate, which self-assembles into amyloid. Detailed understanding of the molecular mechanism of TTR amyloid formation is of critical importance in identifying therapeutic targets for the fatal diseases. In this study, we employ solid-state NMR to investigate structural features of TTR amyloid, which will provide insights into the molecular basis of TTR amyloidogenesis. 
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 ~ 30 mg of protein in 50 mM acetate buffer (pH 4.4) containing 100 mM NaCl, 1 mM EDTA and 0.05% NaN3 for a period of 60 days at 25 °C. One-dimensional (1D) CPMAS and 2D PDSD1 NMR experiments were performed on a 830 MHz solid-state NMR facility equipped with 3.2 mm MAS probe in the NHMFL (Tallahassee).
[image: image2.emf]
Results and Discussion


Solid-state NMR was used to investigate native β-structure in TTR amyloid. For effective solid-state NMR study, we utilized specific labeling schemes, which generate isolated 13C-13C dipolar-coupled spin pairs in the native β-sheets. For example, 13CO-Leu and 13Cα-Tyr were used to express protein, which generates three dipolar coupled 13CO-13Cα spin pairs at distances of 4 – 5 Å in the β-AGH strands. The dipolar-coupled spin pairs in the native state can then be probed and compared to those in amyloid using solid-state NMR experiments that can detect spin-pairs with a separation of up to 6 Å. The solid-state NMR experiments were used to investigate the native-like DAGH β-structure (Fig. 1) in amyloid state by employing 13CO-Leu/13C(-Tyr (Fig.1a), 13CO-Val/13C(-Tyr (Fig. 1b), and 13CO-Leu/13C(-Met (Fig. 1c and 1d) labeling schemes. The residue Y105 is in close proximity to residues L12 and V122 in AGH structure (Fig. 1a and 1b), and the residue Y116 gives rise to the cross-peaks with two leucines (Fig. 1a). In the TTR sequence, there is only one neighboring, strongly coupled L-M spin pair (13CO-L12 and 13C(-M13: 2.4 Å), which is observed in the PDSD spectrum with a shorter mixing time of 50 ms (Figure 7c and 7d), facilitating assignments of the inter-strand L55-M13 spin pair in Fig. 1c. 

Conclusions

The long-range 13C-13C correlations strongly indicate the presence of the native-like DAGH β-sheet structure in amyloid state of TTR.

Acknowledgements

A portion of this work was performed at the National High Magnetic Field Laboratory, which is supported by National Science Foundation Cooperative Agreement No. DMR-1157490 and the State of Florida. This work was also supported by the National Institutes of Health (1R15NS084138-01).
References

[1]
Takegoshi, K.T., et al., J. Chem. Phys., 118, 2325-2341 (2003).
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. A 290 X 2048 data set was acquired at spinning frequency of 12 kHz and 64 transients were averaged for each t1 increment with an acquisition delay of 2 s. * denotes spinning sidebands.









