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Course outlines 

  General principles of NMR spectroscopy 

  The NMR observables 

–  Chemical shifts 
–  Resonance peak intensities 
–  Relaxation rates 
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Basic concepts in RMN 

  It is a spectroscopic method 

  Energy levels (Zeeman levels) shows up only in presence of a 
magnetic field B0 (RMN) 

hν0!
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Magnetic fields reveals energy levels 

•  The zeeman 
experiment (Zeeman 
1897): The Effect of 
Magnetisation on the 
Nature of Light Emitted 
by a Substance 

 

•  The Stern-Gerlach 
experiment (1922): 
quantification of silver 
particles angular 
momentum  
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The spin 

•  Particles have an angular momentum and a colinear magnetic 
dipole 

 

            
! 

L

  

! 

! 
µ   

! 

! 
µ = "  L

: Magnetic dipole 
: Angular momentum 
: Magnetogyric ratio 

! 

L
  

! 

! 
µ 

! 

"

B0 



ReNaFobis 2015 �

NMR is a very low energy spectroscopy 

Thermal energy @ 298K 
 0,5 kcal/mol 
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Low-energy = low sensitivity 
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The NMR sample: a very large number of 
molecules 

water suppression


600 MHz


cryoprobe


capillaries


spectroscopic filters 


first assigned peptides


PROTÉALYS


Protein quantity 

From MA Delsuc 

N=1014 molecules 
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Large number of molecules 

  Molecules will be distributed between the different  states 
available for the observed molecular system 

 

  NMR observables will result from an average over all these 
states 

E
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Molecular coordinates Molecular coordinates 

Large number of states with 
low activation energy barrier 

One excited state with 
Large activation energy 
barrier 
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The NMR observables…on a simple 
molecule 

Resonance frequencies depends  
on the chemical environment 
=> Chemical shifts  

Fine structure of 
resonances is due 
to interactions with  
neighbouring nuclei 
 

Line width is  
related to motional properties 
(through relaxation) 

Resonance integrals are proportional 
to the number of nuclei resonating at  
a given frequency 
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1H NMR spectrum of a folded protein 

 
aromatic protons 

Methyls 

Amide protons  
Hα 

aliphatic protons 

H2O&

Buffer (TRIS) Molecular size 12 kDa 
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aromatic protons 

Methyls 

amides protons  
Hα 

aliphatic protons 

H2O&

Buffer (TRIS) 

Val 65 

Val 52 

Molecular size 12 kDa 

1H NMR spectrum of a folded protein 
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aromatic protons 

Methyls 

amides protons  
Hα 

aliphatic protons 

H2O&

Buffer (TRIS) Spectre d�une 
Protéine de 10 kDa MVKQIESKTA FQEALDAAGD KLVVVDFSAT WCGPCKMIKP

FFHSLSEKYS NVIFLEVDVD DCQDVASECE VKCMPTFQFF

KKGQKVGEFS GANKEKLEAT INELV


Valine 52 Valine 65 

1H NMR spectrum of a folded protein 
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Chemical shifts contain a structural 
information 

Unfolded protein
 Folded protein


! = !local +!structure
Methyl groups 
below 0.6 ppm High spreading 

of amide resonances 
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Chemical shifts  

  Provides the spectral identity of all atoms of a biopolymer, or 
components of a complex mixture 

  Contain a structural information on protein’s 
–  secondary structure 
–  3D structure 

  They are very sensitive to any change of environment 

  When several states are available to the system, the ability to 
distinguish these states will depends on the exchange kinetics 
between these states  
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Labeling with 15N (and) 13C stable isotopes is 
required to study larger objects 

  Isotopic labeling provides a tool to address the complexity of 
protein NMR spectra 

15N 

15N 

1H 

1H-15N HSQC 2D spectrum 
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Study of large molecules requires 15N-13C labeling 
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Application to sample quality screening 

HR3159A 

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

LmR69A 

EwR71A 

NsR431C 
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Bio-drug control quality 

20 
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Brevet Kieffer B. (2011) WO 2011/080492  
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Chemical shift of backbone atoms provide information 
on local structure 

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

Interpretation of bb chemical shifts for protein 
phi,psi calculations 
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Full structure calculations: CS ROSETTA 
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Local structure propensity from chemical  
shifts analysis 
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kon 

koff 

Chemical shift averaging 
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Application: modulation of binding affinity 
between RAR and vinexin by RAR phosphorylation  

:   40 µM 
: 140 µM 
: 280 µM 
: 545 µM 

77S-79S 
77pS-79S 

77S-79pS 
77pS-79pS 

Kd!

Lalevee et al. Vinexin , The FASEB Journal (2010) vol. 24 (11) pp. 4523-4534 
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3D model of the Vin SH3.3 / RARγ DBD 
complex using HADDOCK 

DBD 
Vin SH3 

R85 
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Y100 
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DR2 

DR5 + DNA 1:1 

•  Assembly of RARγ DBD homo-
dimer follows different paths 
according the topology of the  
Response Element 

An example of an interaction in slow exchange  
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Observable: resonance line intensity 
Use of NMR for peptide quantification 

  Principle: mix a solution of Tryptophane with known 
concentration with a dilute peptide sample in D2O (cc 50 uM) 

Köhler C et al.   Methods Mol Biol. 2015;12;1286:279-96 
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Real-time solvent exchange kinetic 
experiment 

32 
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The exchangeable protons 

Measure of proton  
exchange rates of  
amide protons of the PH 
domain of TFIIH P62  
subunit 
 
Gervais et al. 
Nat struct biol 2004 
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Observable: coupling constants 

  Physical ground: 
–  Nuclei are sensing the state of their neighbours spins through bond 

electrons 
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Observable: coupling constants 

  Karplus equation provides a relationship between the dihedral 
angle and the coupling constants of two protons 

N 

CO i-1 

HN 
CO i Hα 
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spectre d'un peptide ` 
Région des protons amides 
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NMR Spectroscopy of RNA 
B. Furtig, C. Richter, J. Wohnert and H. Schwalbe 
ChemBioChem, 2003, 4, 936 - 962 

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

Through H-bond coupling constants 
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Let’s relax 

  Relaxation provides the most abundent source of information on 
a molecular system. 

  Information is contained in the relaxation rates : 

–  Longitudinal relaxation rates (R1, NOE) : how fast Boltzmann 
populations are re-established afer a perturbation 

–  Transverse relaxation rates (R2) : the life-time of a coherent state 
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Relaxation and molecular motions 

  Relaxation is related to molecular motions that produce random 
local magnetic fields fluctuations, leading to random transitions 
between spin states. 

  The most important mechanisms are the dipole-dipole 
interactions and the chemical shift anisotropy 

B0 

Bloc 
dip 

temps 
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The Nuclear Overhauser Enhancement 

Selective  
irradiation 

Time after 
selective 
irradiation of 
spin A 

Difference spectra 
Irradiated - Normal 

B A 
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Relaxation is described by first order kinetic 
equations 

  Longitudinal relaxation 

  Transverse relaxation 
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Protein structure from NOE data 

  K Wüthrich (1982) Inter-proton Nuclear Overhauser 
magnetization transfer may be used to build a model of protein’s 
structure 

At the outset in 1962 and throughout 
my graduate studies there was 
electron paramagnetic resonance 
(EPR spectroscopy).  
 
 

K. Wüthrich Nobelprize.org 
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Measuring NOE in proteins using 2D NOESY 
spectra 

2D NOESY spectrum 

F2 

F1
 

43 
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« Chemical exchange » may also lead to 
magnetization transfer 

A1 B1 

A2 B2 
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k12 k21 
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2D NOESY spectrum 

  If a system is exchanging between two states (1 and 2), magnetization 
is transported via both relaxation and chemical exchange 
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Interaction between the ATXN7 subunit of SAGA 
and the nucleosome 

CH3 Zn + 
kon 

koff 

Changes of magnetization state is transfered in the free 
state with the koff rate and leads to intensities changes 
In the spectrum of the free protein 

Zn 

α2&α1 

Bonnet J et al. 
EMBO Rep. 11(8),612-618   



ReNaFobis 2015 �

Drawbacks of NOE distance based structural 
data 

  Low distance range (5-6 Å) : requires an homogenous spatial 
distribution of protons 
 

 

Multi-domains proteins Nucleic acids 
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Effect of conformational averaging on NOE 
and coupling constants 

47 
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Structure determination from NMR data is an 
non-linear inverse problem: 

 

Dihedral 
angles 

NOEs 



ReNaFobis 2015 �

NMR data modeling strategies 

  NMR parameters are calculated as averages from large 
ensembles of possible strucures  

 
  Subgroups of structures are selected to satisfy the average 

values of observables  

  This strategy allows the description of disordered regions of 
proteins 


