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NMR observables:
A source of structural and dynamical information 

for the study of biomacromolecules
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NMR : a structural biology tool among others
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FT

Ubiquitin C378H629N105O118S1

NMR: from the sample to the 3D structure

NMR : a structural biology tool among others

Protein Data Bank: May 31st, 2014 statistics
http://www.rcsb.org

PDB Statistics



Magnets       500 MHz       600 MHz        800 MHz       900 MHz         950 MHz 1.2 GHz

Cryoprobes 500, 600           700,800 1000

Sequences                  2D          3D, 4D     TROSY
Triple resonance
Gradients

Constraints  NOE                                                 RDC, CCR

Labeling           none          13C, 15N  2H, 13C,15N                             specific labeling

NMR: developments and limits

2014

BUSI-IIA (6 kDa)
Williamson et al.

J. Mol. Biol. (1985) Malate synthase G
82 kDa

Tugarinov et al.
PNAS (2005)

100 kDa

Liquid-state NMR a serious limit?
Linewidth

NMR: developments and limits

slow overall rotation
fast overall rotation



NMR: developments and limits

1H ubiquitin in H2O U-[2H, 15N], δ1[1H, 13C]-CH3-ubiquitin
in H2O

Trying to overcome liquid-state NMR limits – Strategy 1

NMR: developments and limits

α-spectrin SH3 domain –INEPT or CP transfer – MAS 24 kHz
G mAs, E Crublet, O Hamelin, P Gans, J Boisbouvier, J. Biomol. NMR, 2013, 57), pp 251-262

TET-2 468 kDa, homododecamer



Trying to overcome liquid-state NMR limits – Strategy 2

NMR: developments and limits

B0

Brownian motion

Liquid-state NMR

MAS
(Magic Angle Spinning) 

Solid-state NMR

~ 400 µL of soluble sample ~ 20 mg of microcrystals

Val-Phe Val-Phe

Trying to overcome liquid-state NMR limits

NMR: developments and limits

[2H, 15N]-ubiquitin 70-
90% D2O

15N-ubiquitin

α-spectrin SH3 domain –INEPT or CP transfer – MAS 24 kHz
V. Chevelkov,Y. Xue, R. Linser, N.R. Skrynnikov, B. Reif, J. Am. Chem. Soc., 2010, 132 (14), pp 5015–5017



Biomolecular NMR

Structural information
Local probes

Interactions between 
different partner : 
interaction site, KD

NMR: a structural technique?

Dynamical information:
amplitude and 

time-scale of motion

Some key parameters and their usage in structural biology



Some key parameters and their usage in structural biology
Chemical shift information

Relaxation

Scalar couplings

Dipolar interactions

K16

H59

H60

Chemical shift: a finger print of the biomolecule
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Chemical shift: a finger print of the biomolecule

(A) Spectre1H-NMR (pD 7.8) de O-PS extrait deC. rodentium.
(B) Spectre1H-NMR du derivé de l’oligosaccharideII deC. rodentium (ATCC 51459)

Eur. J. Biochem. 268, 5740-5746 (2001)
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Chemical shift: a finger print of the biomolecule

P. Podbevsek, C. R. Allerson, B. Bhat, J Plavec, Nucl. Acids Res., 2010, 7298-7307
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Chemical shift: a finger print of the biomolecule

HR3159A

1.7 mm micro-probe at 20 °C
NESG, J. Biomol NMR 2010, 46, 11-22

LmR69A

EwR71A

NsR431C

Chemical shift: a structural information content

CSI =



Chemical shift: a structural information content

Interest 
for IDPs

Talos+ : http//:spin.niddk.nih.gov/NMRPipe

Chemical shift: a structural information content



Chemical shift: a structural information content

Chemical shift: a tool for interactions



Chemical shift and chemical exchange (µs-ms)

kon

koff

+ Complex? 

BlaI DNA
1 0
1 0.3
1   0.7
1 1.5
1 2.5
1 4.5

K16

H59
H60

[13C,15N]-BlaI-NTD 0.1 mM DNA(12 bp)  0-0.45 mM

Chemical shift: a tool for interactions
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Chemical shift: a tool for interactions

Titration de BlaI par ADN
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Chemical shift: a tool for interactions



Chemical shift: a tool for interactions

Etat de spin d’équilibre

RF pulse
RF pulse

Excitation of spin-state

E

1 transition every 3.1013 years

Relaxation



Etat de spin d’équilibre

RF pulseRF pulse

Excitation de l’état de spinRelaxation de l’état de spin

Molecular motion

Champs locaux

La vraie expérience

Back to equilibrium~1-10 s
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Interaction Monastrol/EG5

Monastrol

Microtubule-dependent 
kinesin-like protein Eg5

Relaxation: an interaction tool



7.07.5
1H (ppm)

Monastrol

+ EG5(2-386)

+ ADP 

free 
monastrol

100 %

20 %

< 5%

EG5(2-386) =  Monastrol
Kd

~ 5 µM

> 0.4 µM

K d = P free •M free

PM =
F free

2

1− F free

• M 0

= 40 µM

Relaxation: an interaction tool

Relaxation: a dynamical information



Scalar couplings

CH2-CH3

CH2-CH3

CH(CH3)2

CH(CH3)2

1H-NMR spectrum of C6H12O

Scalar couplings: a structural information content 

3JHa-Hb = 6.98 cos2(φ-60) – 1.38 cos (φ-60) + 1.72

J. Wang, A.Bax, J. Am. Chem. Soc., 1996, 118, 2492



Oligosaccharide sugar-pucker

NMR Spectroscopy of RNA
B. Furtig, C. Richter, J. Wohnert and H. Schwalbe
ChemBioChem, 2003, 4, 936 - 962

Scalar couplings: a structural information content 

Scalar couplings: a structural information content 

Å06.0)ln(25.075.2 '
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h
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Cordier, Grzesiek, J. Am. Chem. Soc., 1999, 1601-1602



Dipolar interactions

B0

Dipolar interactions



Dipolar interactions: a structural information content 
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Dipolar interactions: a structural information content 

Spin I1 Spin I2
(b)

Spin I1 Spin I2
(a)

Overhauser effect
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RNA

B. Furtig, C. Richter, J. Wohnert and H. Schwalbe
ChemBioChem, 2003, 4, 936 - 962

Dipolar interactions: a structural information content 

Overhauser effect

Dipolar interactions: a structural information content 



Dipolar interactions: a structural information content 

Calculation of the structure of the theophylline-binding RNA aptamer using 13C–1H residual 
dipolar couplings and restrained molecular dynamics.
The panels (i–iii) represent the lowest target-function conformations fromthe nOe/J-coupling
ensemble: (i) superposed using all the nucleic acids; (ii) superposed using the 30–50stem I
region; and (iii) superposed using the stem II—loop region. (iv) The structural ensemble
represents the nOe/J-coupling/RDC ensemble superposed on all nucleic acids.
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Qobs = Pbound Qbound + P free Q free + Qex

Dipolar interactions: an intermolecular interaction tool



MBP

NOE 1D experiment

Données : J. H. Prestegard

Dipolar interactions: an intermolecular interaction tool

Saturation Saturation transferSaturation transfer

koff
kon

Ligand dissociation

Saturation transfer
on free ligand

Dipolar interactions: an intermolecular interaction tool



Transfert de saturation invasif

Saturation transfer difference
(STD)

Validity of the 
method:

10-8 < KD < 10-3 M

-

Dipolar interactions: an intermolecular interaction tool

Dipolar interactions: an interaction tool

EpoA

EpoA/EpoB+
tubulin dimer

STD

EpoA/EpoB+
microtubules



Dipolar interactions: a dynamical information content 

Al Hashimi, J. Magn. Res. 2013, 191-204

Conclusion

�Chemical shift information:

� a structural information content

� a powerful tool to follow local changes; specific interest in functional studies

�Relaxation parameters:

� a measure of the dynamics in the ps-ns time-scale; an access to motion

� a tool for interaction studies

�Scalar couplings:

� a unique tool to transfer magnetization for the spectroscopist

� an angular information

�Dipolar interactions:

� an orientational and distance information

� a source of intermolecular contact information

� a source of dynamical information in theµs-ms time-scale



Biomolecular NMR

Structural information
Local probes

Interactions between 
different partner : 
interaction site, KD

Conclusion

Dynamical information:
amplitude and 

time-scale of motion


