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NMR Time Scales for Protein Dynamics Studies
(From http://www.embl.de/nmr/sattler/teaching)



Part I. Study pico-sec to nano-sec motion 

Step 1:  Set up T1, T2, NOE  Experiments

1) T1 Experiment-(1

<Option 1: Collect a series of 2D expts
with different delay time>

(T1 delay TAU value d7)



1) T1 Experiment-(1

<Option 2: Collect a set of pseudo 3D expt
using vd-list for different delay time>

Increasing delays 



2) T2 Experiment-(1

<Option 1: Collect a series of 2D expts
with different delay time>

(T2 delay loop number d20)



2) T2 Experiment-(1

<Option 2: Collect a set of pseudo 3D expt
using vc-list for different delay time>

Increasing delays 



NOE Experimentheteronuclear3) -(1

<Option : Collect an “interleave” expt for non-saturated and saturated spectra



Part I. Study pico-sec to nano-sec motion 

Step 2:  Determine T1, T2, NOE Values for each residue

1) T1 value from Curve Fitting-(2
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2) T2 Value from Curve Fitting -(2
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NOE Valuesheteronuclear3) -(2

NOE : intensity ratio (I H,sat/Iun-sat) 
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Part I. Study pico-sec to nano-sec motion 
Step 3:  Dynamics Parameters from T1 (1/R1) , T2 (1/R2), NOE

), J(0)NωJ(), HωJ(0.871) Reduced Spectral Density Mapping :-(3

•J(0), J(ωN) decrease: Greater internal motion
•J(0.87ωH) increase: Greater internal motion
•Significantly increased J(0): Chemical exchange

σNH= R 1(NOE-1) (γH/ γN)
J(0.87ωH)= 4 σNH/(5d2)
J(ωN)=(4R1-5 σNH )/(3d2+4c2) 
J(0)= (6R2-3R1-2.72 σNH) /(3d2+4c2) 

(Farrow et al, 1995)
Reduced 

Spectral density 
function mapping

From  R1, R2, NOE values

Obtain parameter J(0), J(ωN), J(0.87ωH), S2, τμ and Rex for each residue



(Model-Free Manual --Palmer)

, Rexτ , 2S2) Model Free Analysis:  -(3

(Clore et al., 1990)

R1=(d2/4)[J(ωH-ωN) +3 J(ωN)+6 J(ωH+ωN) ]+c2 J(ωN)
R2=(d2/8)[4 J(0)+J(ωH-ωN) +3J(ωN)+6 J(ωH) +6J(ωH+ωN)] +(c2/6)[4J(0)+3 J(ωN)]+Rex

NOE=1+(d2/4R1)(γH/ γN)+  [6 J(ωH+ωN)- J(ωH-ωN)]

From  Spectral Density Function J(ω) to dynamics parameters

From R1, R2, NOE values to Spectral Density Function 



, Rexτ , 2S2) Model Free Analysis:  -(3

“Model Free”

•Order parameter, S2:  Degree of internal motion
•Correlation time, τ:   Rate of molecule motion
•Exchange rate, Rex:   Conformational exchange

From  R1, R2, NOE values , and based on Spectral Density Function J(ω)

Obtain parameter S2, τ and Rex for each residue



Part I. Study pico-sec to nano-sec motion 

Collect T1, T2, NOE 

Reduced Spectral 
Density Function  

J(0), J(ωN), J(0.87ωH)
τm, S2

pico-sec to nano-sec
motion

R2/R1 τm

Model-Free Analysis  

pico-sec to nano-sec
motion

τe, Rex, S2

•Curve Fitting to Obtain T1, T2  values
•Intensity Ratio to obtain NOE values   

Sparky, CCPN,
Topspin, Excel,
Others…..

R2R1_TM

Quadric_Diffsuion
Model-Free

Mapsdf_new_Mar00



NMR Time Scales for Protein Dynamics Studies
(From http://www.embl.de/nmr/sattler/teaching)



Relaxation dispersion monitor dynamics on the range or us to ms (10-6 to 10-3).

Relaxation dispersion can separate the contribution from exchange between different 
conformations (Rex) from total R2 relaxation

Rex is a function of exchange rates, populations and chemical shifts of the different 
conformations.  Thus, give information on the kinetics, thermodynamics, as well as 
structure of protein substrates.  Folding intermediates can be detected as well. 

Note on relaxation dispersion

Parameters that characterize the kinetics of the chemical exchange process are 
obtained from the variation of R1rho as a function of ωe ( effective field in the rotation 
frame), called relaxation dispersion.

CMPG relaxation experiments monitor the decay of transverse magnetization in a series 
of spin-echo pulse sequence elements. Chemical exchange is characterized from the 
variation in the transverse relaxation rate constant , R2, as a function of the time delay 
τcp. Where an effective field strength for the CPMG experiment can be defined as 
ωcpmg=121/2/τcp



Method 1:  R1rho relaxation Dispersion Experiments (μs)

Part II. Study micro-sec to milli-sec motion 

1) R1rho Experiment-(1

<Collect a set of pseudo 3D expt using vd-list for different field>



from R1rho experimentKex2) Determine -(1

: Resonance offset from the spin-lock frequency

: amplitude of the spin-lock field

: effective spin-lock field

(Loria et al., Accounts of Chemical Research, 214-221, 2008)



Method 2:  CPMG relaxation Dispersion Experiments (ms)
1) CPMG Experiment-(2

<Collect a set of pseudo 3D expt using vd-list for τcp>



from CPMG experimentKex2) Determine -(2

(Loria et al., Accounts of Chemical Research, 214-221, 2008)



Collect R1rho, CPMG 
Relaxation Dispersion 

Experiments

micro-sec to milli-sec
motion

Rex

Curve Fitting to obtain Kex value
Sparky, CCPN,
Topspin, Excel,
Others…..

Part II. Study micro-sec to milli-sec motion 



Now, 

Let’s See how

“Protein Dynamics Center”

Could help? 


