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- Traditional NOE-based 3D structure determination methods
suffer from the lack of long-range structural restraints (limitation is up to
5-6 Å).
- In this context, "long-range" means parts of the compounds not close
in space and thus, not measurable by NOE methodology.
- For assessing 3D structures where there is limited contact between the
internal parts, it is often difficult to properly orient the structural

Structural constraints (NOE vs RDC)

internal parts, it is often difficult to properly orient the structural
components with respect to one another (using only NOE-based
restraints).
- Residual dipolar couplings (RDCs) afford a route to effective long
range orientational (not translational) restraints.
- RDCs allow orientation of bond vectors with respect to a reference
axis (typically z-axis, B0 direction in the laboratory frame).
- Therefore, these restraints effectively constrain bond vectors relative to
one another, which amounts to long-range conformational/orientational
restraints.
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The Dipole-Dipole Interactions



The Dipole-Dipole Interactions



Dipolar Splitting in Solid-State (Powder) Spectra



Orientations of RDC-generated vectors



Dipolar Couplings Add to the Multiplet Splittings



Measurements of Residual Dipolar Coupling



Residual Dipolar Coupling: dipole-dipole vectors



The role of decoupling in HSQC spectra
1H-13C HSQC spectra of benzene



Decoupling elements in gHSQC pulse sequence

GARP = Globally-optimized Alternating-phase Rectangular Pulses



Isotropic condition



Isotropic vs Anisotropic (deuterium signal)



Isotropic vs Anisotropic



Inducing alignment for oriented NMR



Alignment Media



Inducing Order Using Liquid Crystalline Media

DHPC: 1,2-Diheptanoyl-sn-Glycero-3-Phosphocholine
DMPC: 1,2-Dimyristoyl-sn-Glycero-3-Phosphocholine



Measuring Dipolar Couplings - Coupled HSQC



Measuring Dipolar Couplings - Coupled 15N HSQC



Polyacrylamide Gels as Alignment Medium



Pulse Sequences for Collection of RDC



Pulse Sequences for Collection of RDC 
(cont.)



Chemical shift anisotropy (CSA) – the 
complement to RDC 
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Solid-state NMR (powder pattern) 
Chemical shift anisotropy (CSA) – the complement to RDC 



Residual Dipolar Coupling (RDC) vs 
Switched-Angle Spinning (SAS)

a) A solution-state residual dipolar coupling experiment, which requires separate
experiments in isotropic solution and in an orienting medium. (b) An switched
angle spinning (SAS) experiment, where strong orientation is produced by
interaction with a membrane mimetic. The resulting dipolar couplings are scaled
by changing the spinning axis without changing the sample composition or the
temperature, yielding isotropic-anisotropic correlations.


