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Abstract: The backbone conformation of peptides and proteins is completely defined by the torsion angles
(¢,y,w) of each amino acid residue along the polypeptide chain. We demonstrate a solid-state NMR method
based on heteronuclear distance measurements for determinimgangles. Simple and reliable deuterium
phase modulated pulses (PM5) reintroduce dipolar couplings betit®and a spin+/, nucleus. Measuring
the13C;_1{?H;“} REDOR distance across a peptide bond results in the torsion gnagea consequence of the
restricted geometry of the peptide backbone. ¥hi;1{?H;*} REDOR distance across a peptide bond defines
the torsion anglep;. This approach is demonstrated for both the 3-spjAH$} REDOR case of glycine and

the 2-spin X?H}REDOR case, represented byalanine, using two different tripeptides. It is shown that the
technique can handle multiple sample conformations. PM5-REDOR decay curves/cdtigge show distinctly
different behaviors betweem-helix andg-sheet backbone conformations.

Introduction Solid-state NMR spectra contain information on anisotropic
) ) ) ) ) interactions (chemical shift, dipolar couplings, and quadrupolar
The rapid rate at which high-resolution 3D protein structures couplings). Manipulation of the overabundance of information
are being solved is dramatic. The more than 13 000 structuresjs npecessary to obtain sufficient resolution to interpret the
of the Protein Data Bank (Research Collaboratory for Structural spectra. Of particular interest to protein structural studies have
Bioinformatics, http://www.rcsb.org/pdb) attests to the success pheen methods measuring molecular orientations, internuclear
of protein structure determination in the crystalline state by gistances, and theg(y) conformational angle3.The 3D
X-ray crystallography and in solution by liquid-state nuclear conformations of proteins are defined by the individual makeup
magnetic resonance (NMR). Recent advances in both techniquesf ¢, (C;_;N;C;“C;) andy; (NiCi“CiNj1) torsion angles of each
suggest that the number of known structures will continue to amino acid residue along the polypeptide chain. Accurate
escalate (see recent reviews, refs4). Solid-state NMR  knowledge of torsion angles is the basis of well-defined protein
provides a complementary high-resolution spectroscopic tech-secondary structures. A number of techniques for determining
nigue to determine local protein structure in disordered and peptide torsion angles using solid-state NMR were recently

anisotropic environments (reviews, refs 80). Routine high-
resolution biomolecular structure determination of solids lacking
long-range order may be feasible using solid-state NW¥e
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