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Think before you start!
• Molecular weight 

• Folded / unfolded? 

• Isotope labelling scheme 

• Sample preparation 

• H2O / D2O 

• buffer 

• pH 

• ionic strength 

• Stability (azide, protease 
inhibitors) 

• Temperature 

• Concentration 

• sensitivity 

• solubility 

• dimerisation?
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1D 1H spectra

Cabrita et al. Methods Mol. Biol. 752, 97–120 (2011).



1D 1H spectra: folded vs unfolded 1D 1H spectra: stability over time

2D 1H,15N spectra: typical chemical shifts

Cabrita et al. Methods Mol. Biol. 752, 97–120 (2011).

2D 1H,15N spectra: typical chemical shifts

calculated from http://www.bmrb.wisc.edu



2D 1H,15N spectra: chemical shift dispersion

Song et al. Biochem J. 356, 151–158 (2001)
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2D 1H,15N spectra: peak counts
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ddFLN1 SDASKVEVYGPGVEGGFVNKSADFHIKAVNYYGEPLANGGEGFTVSVVGADGVEVPCKL
ddFLN2 SDAQHSNAYGPGLEGGKVGVPAAFKIQGRNKDGETVTQGGDDFTVKVQSPEG-PVDAQI
ddFLN3 SDSQNSYCDGPGFEKAQAKRPTEFTIHSVGADNKPCAAGGDPFQVSISGP--HPVNVGI
ddFLN4 ADPEKSYAEGPGLDGGECFQPSKFKIHAVDPDGVHRTDGGDGFVVTIEGP--APVDPVM
ddFLN5 PSAEHSYAEGEGLVKVFDNAPAEFTIFAVDTKGVARTDGGDPFEVAINGPDGLVVDAKV
ddFLN6 -----------ANGEDSSFGSFTFTVAAKNKKGEVKTYGGDKFEVSITGP-AEEITLDA

ddFLN1 VDNKNGIYDASYTATVPQDYTVVVQLDDVHCKDSPYNVKIDG------------------
ddFLN2 KDNGDGSYDVEYKPTKGGDHTVEVFLRGEPLAQGPTEVKILN------------------
ddFLN3 TDNDDGTYTVAYTPEQPGDYEIQVTLNDEAIKDIPKSIHIKPA-----------------
ddFLN4 VDNGDGTYDVEFEPKEAGDYVINLTLDGDNVNGFPKTVTVKPA-----------------
ddFLN5 TDNNDGTYGVVYDAPVEGNYNVNVTLRGNPIKNMPIDVKCIEG-----------------
ddFLN6 IDNQDGTYTAAYSLVGNGRFSTGVKLNGKHIEGSPFKQVLGNPGKKNPEVKSFTTTRTAN
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2D 1H,15N spectra: molecular weight

45 kDa, 298 K, 2H/15N
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55 kDa, 310 K, 15N11 kDa, 298 K, 15N

2.2 MDa, 298 K, 15N900 kDa, 298 K, 2H/15N

2D 1H,15N spectra: IDPs, temperature and pH

Croke et al. Protein Sci. 17, 1434–1445 (2008)



2D 1H,13C spectra: typical chemical shifts

1H chemical shift / ppm
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2D 1H,13C spectra: chemical shift dispersion
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2D 1H,13C spectra: methyl chemical shifts 2D spectra: assessing sensitivity

Contour plots can be deceptive!



The first contour plot:  
the Schiehallion 

experiment (1774)

Charles Hutton (1778) Map Of A Nation: A Biography Of The Ordnance Survey 
 By Rachel Hewitt

Schiehallion (2011)

Rotational diffusion

Rotational 
correlation time 

= average time to 
rotate by 

one radian (57º)

⌧c =
4⇡⌘r3h
3kBT

McGuffee, S. R. & Elcock, A. H. PLoS Comput. Biol. 6, e1000694 (2010).

Stokes–Einstein–Debye equation: 
correlation time vs molecular weight

τc (ns) ≈ 0.6 MW (kDa)

298 K in H2O

⌧c =
4⇡⌘r3h
3kBT

=
⌘V

kBT



Estimating rotational correlation times from 15N T1 and T2
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Rotational correlation times from 15N T1 and T2 – assumptions!

• All peaks contribute equally 

• Spherical molecule (isotropic tumbling) 

• Rigid (S2 order parameters = 1) 

• Correlation time WILL ALWAYS BE UNDERESTIMATED!
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TRACT: correlation times for big proteins

J. Magn. Reson. 178, 72–76 (2006)

TRACT



TRACT analysis in Excel Translational diffusion
• Global property – all residues in a protein have the same diffusion 

coefficient 

• Stokes–Einstein relation to hydrodynamic radius:

Pulsed-field gradients in NMR

Disruption of field homogeneity

Magnetic field strength linearly 
proportional to position  

along z-axis:

B = B0 + G · z

NMR measurement of translational diffusion

Pulsed-gradient spin-echo

Pairs of gradients encode & decode 
the z-position of spins. 

Diffusion occurring during the delay ∆ results in imperfect 
refocusing, and reduction in observed signal.



Data analysis: the Stejskal-Tanner equation

Summary: rotational vs translational diffusion

Rotational Translational

Experiment T1/T2 ratio, 
TRACT

pulsed gradient 
echos

Labelling required 15N (2H) none

Measurement type local global

Relation to 
structure

τc (ns) ≈ 0.6 MW 
(kDa)

Sensitivity to 
dimerisation

high 
(τc ~ MW)

low 
(D ~ MW–1/3)


