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10:00-10:50 
News and New Experiments in HFNMRC
by Dr. Chi-Fon Chang, HFNMRC, Academia Snica

11:00-12:00 
Rapid Data Acquisition of 3D Triple Resonance Experiments by Projection-
Reconstruction NMR
by Dr. Winston Wen-Jin Wu, HFNMRC, Academia Sinica

Hands-On 13:30-
Place : B1A Meeting RoomTopics : Projection-
Reconstruction Data Processing
Instructors : Dr. Winston Wen-Jin Wu

2010 NMR User Training Course I
Advanced NMR Experiments

March 02nd, 2010
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NEWS in HFNMRC

Part I:  Moving 850MHz magnet into HFNMRC

Part II: Testing and Standard Experiments Setting

Part III: What’s good about 850MHz?
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NEW Experiments in HFNMRC

Part I:  Dynamics Related Experiments

(1) Relaxation Dispersion Experiments 
- R1rho measurement
- CPMG type 

(2) Paramagnetic Relaxation Enhancement Measurement

Part II: Experiments for large proteins

Experiments for Ile, Leu and Val Methyl Assignments 
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Part I. Dynamics Related Experiments

(From http://www.embl.de/nmr/sattler/teaching)

(1) Relaxation Dispersion Experiments to measure us-ms motion
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Relaxation dispersion monitor dynamics on the range or ms 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. 

Why 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 experimetn can be defined as 
ωcpmg=121/2/τcp
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What Experiments?  

CPMG and R1rho experiments have been applied for studying exchange processes that 
occur in the microsecond to millisecond time scale. 

The accessible range of effective magnetic field strengths determines the time scale of 
the process that can be studied by CPMG and R1rho techniques.

The effective field strengths typically employed in CPMG relaxation experiments are on 
the order of 25-500 Hz; consequently, experiments are most often used to  characterize 
slower, millisecond time (ms) scale chemical exchange processes.

The effective field strengths typically employed in R1rho relaxation experiments are of 
the order of 1-6 kHz, although weaker fields can be utilized to provide overlap with the 
CPMG experiment; consequently, R1rho experiments are most often used for faster 
microsecond (μs) time scale chemical exchange processes.

R2 can be calculated from R1rho and R1 

Rex  can then be calculated, where R2
0 is the 

relaxation rate other than exchange

(JACS, 20004, 126, 2247-2256)
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1) R1rho relaxation Dispersion Experiments -(1

Reference:  Arthur G. Palmer, III* and Francesca Massi, Chem. Rev. 2006, 106, 1700-1719

(1) Relaxation Dispersion Experiments to measure us-ms motion
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Library PulseprogramBrukerStandard Experiment : std1*  
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2) CPMG relaxation Dispersion Experiments -(1

Reference:  Dong Long, Maili Liu, and Daiwen Yang, JACS 2008, 130, 2432-2433

(1) Relaxation Dispersion Experiments to measure us-ms motion
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library pulseprogramStandard Experiment : std2*  HFNMRC 
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Part I. Dynamics Related Experiments

(2) Paramagnetic Relaxation Enhancement 

Reference:  G. Marius Clore and Junji Iwahara, Chem Rev. 2009, 019, 4108-4139
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Why Paramagnetic Relaxation Enhancement (PRE)?

PRE can also as a probe of large amplitude motions and lowly populated transient 
intermediates in macromolecualr association. 

Unpaired electrons are introduced into the protein (metal binding protein) by 
paramagnetic lanthanide metals (鑭系元素 ), such as Dysprosium (鏑 ) or Terbium(鋱 ).

For non-metal binding protein, paramagnetic are introduced as tags vis disulphide bond to 
a free CYS (ex: nitroside spin label MTSL or EDTE_Mn2+ or LCTs)

Conventional NMR observables are intrinsically short-range nature between “nuclei” and 
“nuclei”. (chemical shifts, scalar coupling, dipolar coupling).  The dipolar effect from 
“electrons” to “nuclei" are much stronger, thus can be detected over much larger distances. 

Paramagnetic relaxation enhancement (PRE) which causes faster relaxation (line 
broadening) and depends on electron-nucleus distance as 1/r6. 

The pseudocontact shift (PCS) which cause chemical shift depends on 1/r3.

The long-range nature of paramagnetic effects permits the determination of large 
molecular complex structures. 
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What Experiments?  

However, intensity depends not only on the PRE 1H-Γ2 but also 1H-Γ1.  For quantitative 
PRE investigations for macromolecules, measurement actual  PRE 1H transverse relaxation 
rates (1H-Γ2) rates is required. 

Acquire 15N-HSQC of the paramagnetic protein (“oxidized”), and  diamagnetic protein 
(“reduced”)

The peak height in the directly detected proton dimension of the HSQC could be 
used to determine distance constraint
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Clore and Iwahara, Chem Rev. 019, 4108-4139 (2009)T : time interval for 1H-Γ2 measurement



HFNMRC, Chi-Fon Chang

15

library pulseprogramStandard Experiment : std2*  HFNMRC 
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library pulseprogramStandard Experiment : std2*  HFNMRC 
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Part II. Experimetns for large protein

Experiments for Ile, Leu and Val Methyl Assignments

Reference:  Vitali Tugarinov and Lewis E. Kay, JACS, 2003, (125),13868-13878
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Why Methyl groups?  

Methyl groups give rise to intense correlations and have favorable relaxation properites. 

Methyls are most often localized to hydrophobic cores of proteins so that Methyl 
constraints from NOESY provide valuable information for structure determination 

Methyls are excellent reporters of dynamics in proteins

Ile (δ1), Leu, Val –methyl protonated , highly detuerated 15N-13C labeled proteins are 
available using a pair of precursors to the growth medium, [3-2H], 13C α-ketoisovalerate
and [3,3-2H], 13C α-ketobutyrate.  
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What kind of experiments? 

Cm(i)–N(i)–HN(i) or/and  Cm(i)–N(i+1)–HN(i+1) 

Hm(i)-N(i)-HN(i) or/and Hm(i)-N(i+1)-HN(i+1) 

Caliph(i)-Cm(i)-Hm(i)

CO(i)-Cm(i)-Hm(i).
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library pulseprogramStandard Experiment : std2*  HFNMRC 
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library pulseprogramStandard Experiment : std2*  HFNMRC 
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library pulseprogramStandard Experiment : std2*  HFNMRC 
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library pulseprogramStandard Experiment : std2*  HFNMRC 
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library pulseprogramStandard Experiment : std2*  HFNMRC 


