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Structure determination by NMR

NOE-based assignment strategies

An introduction to biomolecular multi-dimensional high-resolution NMR Spectroscopy Dr. Geerten W. Vuister 
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generated and Δδ is positive (downfield shift). These effects can be as large as -2 to 2 ppm and all 

nearby (the effect decreases as 1/r6) protons are affected. 

Paramagnetic groups, like Fe3+ in the heme-system of hemoglobin, can have a pronounced 

effect on the chemical shift. The electron influences the proton chemical shift through spatial 

interactions, the electron dipole moment, and by direct electron-proton hyperfine interaction. 

Electric fields resulting from charged groups or electric dipoles polarize the electron clouds and 

thus influence the chemical shifts. 

H-bond formation strongly influences the chemical shift. The proton in a X-H…Y hydrogen 

bond is very little shielded and thus has a large δ value. For example, the imino protons in the 

Watson-Crick hydrogen-bonded bases of a piece of β-DNA resonate at 14-15 ppm, whereas the non 

hydrogen-bonded protons resonate at 10-11 ppm. 

 

Protein chemical shifts 

From the previous section it will be clear that also the 1H spectra of proteins will have a general 

appearance. An example 1H spectrum of a protein is shown in Fig. 2.3.3. Indicated are the different 

regions where the different proton-resonances are found. It is even possible to split out the different 

chemical shift ranges on a per-residue basis.  

 

   Figure 2.0.0. 1H NMR spectrum of a protein 

Although the theory of chemical shifts is well known, in practice it is quite complicated to 

accurately predict the chemical shifts in proteins. Partially this is the result of the inaccuracy of the 

protein structures and the internal mobility. On the other hand the range of proton chemical shifts is 

fairly limited (ca. 12 ppm) and the exact geometry is relatively important. 
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MOTIVATION 

NMR structures are generally 
not very good. ~25 % of  
recently deposited structures is 
seriously flawed

Structural quality can often be 
improved by: 

• Proper computational 
procedures

• Validation of  input data

• Validation of  results

~600 Structural Genomics structures

10% 50% 90% Nabuurs et al. PLoS Comp. Biol. 2, e9, 2006



WHY CLOUDING?

Project needs ~25 programs so 
setup/updates Grid too tedious

Disadvantages vanished

Independence from hardware

Easy addition of  more slaves



CLOUD COMPUTING

Sara & Bitbrains

Hardware and cloud management 

TOPOS (TOken POol Server)

Developed for grid computing

Backend server/database at Sara

VC (Virtual CING) as the virtual machine
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RESULTS

First tests

Stress tested with 10k tokens on 17 VMs (34 nodes) 
finishing within 2 hours with test script.

Production

Validation of  9k entries on ~25 VMs (50 nodes)

Average job was ~20 minutes and ~20 Mb

Total 16 core weeks done in 1 week



DREAMS

NMR_REDO: improved database of  NMR structures 

Prior efforts done for 100 & 500 but now trying 5k+

Tested with 90 entries in cloud setup

Average job was 10 hours and ~30 Mb

Quality indicators improved significantly

Resources: Sara, Bitbrains, Condor and/or WeNMR
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