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Basic Principle

• Experimental restraints – measured
– Distance between two atoms
– Angle between two bonds

• Force field - known information
– Primary sequence of the protein
– Atoms cannot overlap one another (!)
– Bond angles
– Stereochemistry

E = k (Dcalc – Dobs )2



Basic Principle



Simulated Annealing
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NOE (Nucelar Overhauser Effect)



NOE (Nucelar Overhauser Effect)

Cross correlation

I ∝ 1/d6

I = k / d6

⇒ active up to about 6-7 Å



2D NOESY



2D NOESY
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3D NOESY
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3D 15N-NOESY-HSQC



3D NOESY
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3D 13C-NOESY-HSQC



3D NOESY
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3D 13C-HMQC-NOESY



NOEs in Structure Calculations

I = k / d6



NOEs in Structure Calculations

I = k / d6
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NOEs in Structure Calculations

0.8 - 4.5 Å
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Chemical Shifts

δCα = Cαrandom coil – Cα

= secondary chemical shift



Chemical Shifts

ΨΦ



Chemical Shifts

• TALOS – Torsion Angle Likelihood 
Obtained form Shift and sequence 
similarity



Chemical Shifts

• DANGLE – Dihedral ANGLE



J-Couplings

• Karplus Kurve
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Residual Dipolar Couplings

15N
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D = C rXY
-3 (3 cos2θ – 1)
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Residual Dipolar Couplings



RDCs – Alignment Media

n-alkyl-PEG / alcohol

Strained gels

Phage

Bicelles



RDCs – Measurement

Jiso,obs = J
Janiso,obs = J + D

∴ D = Janiso,obs – Jiso,obs

isotropic anisotropic



RDCs in Structure Calculations



RDCs in Structure Calculations



Hydrogen Bonds

D2O

+ H2O

Freeze dry



Other Restraint Types

• Symmetry



Other Restraint Types

• Symmetry

• Prochiral atoms
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Other Restraint Types

• Symmetry

• Prochiral atoms
• Conformational Database Potentials



Other Restraint Types

• Symmetry

• Prochiral atoms
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• Radius of Gyration



Other Restraint Types

• Symmetry

• Prochiral atoms
• Conformational Database Potentials

• Radius of Gyration
• Pseudoatoms



Traditional Structure Determination

Full Resonance 
Assignment

Assignment of
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Structure 
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Automatic NOE Assignment

Full Resonance 
Assignment
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Calculation
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Ambiguous NOE Restraints

Ala19 Hα
or

Asn56 Hα

Lys20 Hβ
or

Glu53 Hβ

Asn56 Hα Glu53 Hβ

Ala19 Hα Lys20 Hβ



Network Anchoring



Water Refinement



Validation
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Validation

• Violations to experimental restraints 
(CCPNmr Analysis, PSVS)

• Dihedral Angles (Procheck, PSVS)

• Inter-atomic Clashes (PSVS)
• RMSD (PSVS)
• Monomer or Multimer? (Relaxation 

measurements or AUC)
• Information Content of Restraints (QUEEN)



Validation – Information Content

• QUEEN – QUantitative Evaluation of 
Experimental Nmr restraints

How much does 
this restraint 
influence the 
structure?

How unique is the information 
provided by this restraint?



Validation - CCPN

Restraint List

Violations

Checking of 
chemical shifts

Navigate directly to 
affected peak in 
spectrum

Look at the structure



Validation - Other
PSVS

http://psvs-1_3.nesg.org/

iCing
http://nmr.cmbi.ru.nl/icing/iCing



Structure Determination from 
Chemical Shifts

• CS-ROSETTA

• CHESHIRE

• CS23D (www.cs23d.ca)



Inferential Structure Determination

• www.isd.bio.cam.ac.uk/isd



@FMP

• CYANA

• ARIA
• XPLOR-NIH

• CNS

• QUEEN

• Cluster [48 processors]: matrix
– http://matrix.fmp-berlin.de



Good Luck!


