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IntroductionIntroduction
►Nuclear Overhauser Effect (NOE): 

- Proton dipolar coupling through space (NOESY spectra).
- Short range distance restraints (< 6 Å).

►Residual Dipolar Coupling (RDC) [Saupe 63],[Tjandra & Bax 97]:
- Nuclear spin  coupling in anisotropic media (HSQC spectra).
- Long range orientation restraints.



The Fundamental Equation of RDCThe Fundamental Equation of RDC

SrrD T=
D: RDC measurement (Hz).

r:  Internuclear unit vector relative to    
a molecular frame (MF).

S:  Saupe matrix, 3x3, symmetric, 
traceless [Losonczi 99].



SaupeSaupe Matrix DeterminationMatrix Determination

dAs =
► A: Matrix of direction cosines of 

internuclear vectors.

► d: Vector of  RDC measurements.

► A linear system determines the 5 independent 
Saupe elements (s). 



Exact Algebraic Methods Using RDCExact Algebraic Methods Using RDC

Protein Structure Validation

Protein Backbone Conformation

Protein Fold Determination



Bond Vector Determination from RDC EquationBond Vector Determination from RDC Equation
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P:  C-N unit vector in Principle 
Order Frame.

Saupe diagonalization simplifies RDC 
equation.

Parameterize solutions with an ellipse. 

SrrD T=

)180cos( θ−=⋅VP

069763u917913u368831u899370u3326104 234 =++−− .....

Constrain solutions with angle θ

This quartic equation is solved by MAPLE



CC--N Discrete Solutions from RDC EquationN Discrete Solutions from RDC Equation

► The experimentally observed vector:

► The calculated vectors:



Protein Backbone ConformationProtein Backbone Conformation



Protein Backbone as a Robotic ArmProtein Backbone as a Robotic Arm
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Solve for (φ, ψ)
Inverse kinematics problem
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Deviation from experimental values. 
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Check consistency with NOE.

4 candidate solutions.



Unique (Unique (φφ,, ψψ) from Exact NOE Distances) from Exact NOE Distances
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Consistent with NOE distance.



Protein Fold DeterminationProtein Fold Determination

One exact solution using RDCs in 2 media



Relative Orientation of Secondary StructuresRelative Orientation of Secondary Structures

22POF
1POF

1 BTB ⋅=

Magnetic vector coordinates transformation

Secondary structure orientation



Magnetic Vector EquationMagnetic Vector Equation

SuuD T=
vTu POF

PAS ⋅=

Principle Alignment coordinate System defined - S diagonal

Transform from PAS to POF.
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Magnetic unit vector B= (x,y,z)  relative to Principle Order Frame

vTSTvD POF
PAS

PAS
POFT )( ⋅⋅=

STsT PAS
POF

PAS
TPOF =⋅⋅

vsvD T )(=
Relate POF Saupe with PAS Saupe.

Specify SZZ from Da [Clore 98].



Magnetic Vector Determination from 2 MediaMagnetic Vector Determination from 2 Media
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At most 8 magnetic vector solutions

1st medium

2nd medium

Transform from 1st to 2nd medium.
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Relative orientation from magnetic vector transformation



Protein Fold from Magnetic Vector Transformation Protein Fold from Magnetic Vector Transformation 

2zyz1 BRRRB )()()( γβα=

2POF
1POF T 3POF

2POF T 1POF
3POF T

CALC
CALCOBS sAd ⋅−min

1POF
3POF

3POF
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Filter orientations with min RDC error.

Consistency  with orientations from a 3rd

secondary structure. 

2POF2POF
1POF

1POF BTB ⋅=

Parameterize T with Euler angles α, β, γ.Inverse Kinematics

One exact protein fold solution



One ExactOne Exact Orientation SolutionOrientation Solution
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Conclusions IConclusions I

► Discrete RDC substructure solutions are derived by RDC equation.

► The RDC structure solutions confirm the validity of NOE structure.

A. Protein Structure Validation

►Protein backbone is modeled as a robotic arm and an inverse 
kinematics problem is solved using RDCs.

►One solution (φ,ψ) is distinguished by at most 3 NOE constraints.

B. Protein Backbone Conformation



Conclusions IIConclusions II

►A novel algebraic method solves protein fold efficiently.

►No exponential, stochastic or qualitative graphics methods are used 
[Fowler 00], [Al-Hashimi 00].

►One exact solution by solving low-degree polynomials.

►A general method for α-helices, β-strands and remote protein domains.

►No experimental NOE constraints are used [Fowler 00], [Wang 04].

►Only minimal RDC experimental measurements of (N-H) are used.

►Reinforce the importance of RDC experiment for structural genomics.

C. Protein Fold
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