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Protein Structure Determination

With apologies to Staples
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Overview of structure determination
• Backbone assignments (H, N, Cα, Cβ, and C’) {we know the sequence!}
• Sidechain assignments – rest of carbons and protons
• NOE constraints
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Constraints for structure determination

• Proton-proton distances < 5Å
• Dihedral angle constraints

• chemical shifts (TALOS+ and TARA)
• scalar coupling constants
• stereospecific assignments

• Residual dipolar couplingsResidual dipolar couplings
• global relative orientation of bond vectors
• requires alignment in magnetic field

•Phage, bicells, stretched gels, etc.
• Hydrogen bond constraints

• Deduced
• Cross H-bond scalar coupling





Random starting structure with predicted secondary 
structure (from 13C chemical shifts)

Red: helix
Yellow: sheet
Green: coil



Random structure + all experimental restraints 
(distances <5Å & dihedral angles)



Folded structure -network of distance restraints



Fourier 
transform:

Raw data

A linear
transform



FT

Linear

• ??-practical solution-??
CS-ROSETTA (small proteins)
• In principle QM (age of
universe computation)

Raw data

PINE

NOE 
constraints Assignments

NP-Hard*Relaxation
matrix

analysis

universe computation)

Non-linear

*http://en.wikipedia.org/wiki/P_versus_NP_problem
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Overlay of 6 crystal structures with 
different ligands 

Chemical shift perturbations observed 
in solution by NMR (hormone vs 2MD)

Vitamin D receptor- Ligand binding domain

1. Singarapu, K. K. et al. Ligand-Specific Structural Changes in the 
Vitamin D Receptor in Solution. Biochem. 50, 11025–11033 (2011).



Vitamin D receptor – ligand binding domain
NMR spectral differences observed for 2 different ligands
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Binding curves

good S/N Low S/N

NMR is esp. useful for Kd >10-6 (Kd <10-6 ok for bound state) 
and protein concentrations ~50µM-1mM

~No S/Nweak S/N



Chemical shift and line width effects due to exchange (e.g. binding)

Unequal
populations

Equal
populations
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Fast exchange
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Hydrogen exchange



Hydrogen exchange
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Hydrogen exchange



Cross-saturation



Cross-saturation
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Cross-saturation





PRE- Paramagnetic relaxation enhancement



PRE- Paramagnetic relaxation enhancement
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Paramagnetic pseudocontact shift



Paramagnetic pseudocontact shift
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Residual dipolar couplings (RDC)



Residual dipolar couplings (RDC)

Ortega-Roldan, J. L. et al. Accurate characterization of weak macromolecular interactions by titration of NMR residual 
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