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NMR Relaxation and Molecular Dynamics - GERM

NMR dipolar couplings provide a highly detailed description of conformational .... P()=. 1. 2. G( )e i d. +. J()=. 1. 2 c( )e i d. +. How can we describe of these fluctuating Local Fields? ..... No direct information about slower internal motion? Ï„ c(Ï„) ... 

















 Télécharger le PDF 






 19MB taille
 4 téléchargements
 309 vues






 commentaire





 Report




















Ecole RMN Cargese Mars 2008



NMR Relaxation and Molecular Dynamics



Martin Blackledge IBS Grenoble Carine van Heijenoort ICSN, CNRS Gif-sur-Yvette



Ecole RMN Cargese Mars 2008



Solution NMR Timescales for Biomolecular Motion
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Lineshape/exchange Relaxation dispersion Real-time NMR Dipolar, scalar couplings



Librational motion Normal modes Rotational diffusion



Enzyme catalysis Signal transduction Ligand binding Collective motions?



Protein folding Hinge Bending
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Solution NMR Timescales for Biomolecular Motion
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Spin relaxation Provides site specific information about backbone and sidechain dynamics throughout the protein Established experimental and analytical procedures allow routine extraction of motional description, or parameterisation in terms of amplitudes (S2) and characteristic timescales (τi) Information is limited to motions occurring faster than the rotational correlation time of the protein (τc~ 5-30ns)
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Solution NMR Timescales for Biomolecular Motion



ps
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µs
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s



Relaxation dispersion Provides site specific information about conformational exchange occurring in the 50µs-1ms range Precise determination of rates of exchange. Association with temperature dependent measurements allows for thermodynamic characterisation of exchange processes Detection and characterisation of weakly populated or ‘invisible’ species Structural information is ‘limited’ to interpretation of chemical shift differences between exchanging conformations
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Solution NMR Timescales for Biomolecular Motion
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Real time Rapid data acquisition techniques allow events to be monitored in real-time Time resolution at the level of seconds Protein folding and unfolding Reaction kinetics
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Solution NMR Timescales for Biomolecular Motion



ps
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µs
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Scalar, Dipolar Couplings, Chemical shift NMR dipolar couplings provide a highly detailed description of conformational disorder occurring up to the millisecond timerange Comparison with spin relaxation can reveal extent and nature of slower motions in proteins
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Local and global molecular motion from spin relaxation



•



Brief overview of the theory of spin relaxation : Important steps



•



Interpretation of 15N relaxation : Spectral density mapping / Modelfree analysis



•



Description of molecular rotational diffusion tensors from 15N relaxation



•



Applications of spin relaxation to studies of protein dynamics
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Rf rfpulse pulse Molecular motion



Local fields



Spin state relaxation excitation equilibrium
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Relaxation of longitudinal and transverse magnetisation states Determines delay between acquisitions



Longitudinal Relaxation



Determines lifetime of the signal - linewidth of the resonance



Transverse Relaxation
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Longitudinal Relaxation Rate equation for R1 (Rz) dMz(t)/dt = -R1(Mz(t) - Mz0) Mz(t) = (Mz(0) - Mz0) exp(-R1t) + Mz0



Mz0
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T1 t
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Inversion Recovery
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Transverse Relaxation



Mxy0



Rate equation for R2 (Rx)



Mxy



Mxy(τ) =Mxy0 exp(-R2τ) 0



τ



τ



τ



180y



90x
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Spin Echo (CPMG)
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Macroscopic Description : Bloch Equations Mz0



r r dM z = " M (t ) # B(t ) $ R1 ( M z (t ) $ M eq ) z dt r r dM x = " M (t ) # B(t ) $ R2 M x (t ) x dt r r dM y = " M (t ) # B(t ) $ R2 M y (t ) y dt



Mz Mz(0) t Mxy
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M z " Iˆz ; M x " Iˆx ; M y " Iˆy



0



Iˆx (t ) = Iˆx cos #t + Iˆy sin #t e$R2t



( ) Iˆy (t ) = ( Iˆy cos #t $ Iˆx sin #t )e$R t



Mxy



2



0



!



τ



d2I x Sz =? dt



dI x Sy dt



=?



...



Microscopic description?



!
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Transition Frequencies for Heteronuclear system I-S |ωH |=2π.600MHz ; τL(H)=265ps |ωN |=2π.60MHz ; τL(N)=2.65ns
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ωS S I



E ωI



βα αβ
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Local fields fluctuating at the transition frequencies of the spin system can induce relaxation to equilibrium
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Relaxation rates can be described in terms of the motion of the relaxation-active interactions 15N



relaxation (spin 1/2) relaxation active mechanisms are essentially : Dipole-dipole (DD)



S



DD I



Source of fluctuating fields



Spin I experiences a distance and orientation dependent local field due to the magnetic moment of the nearby spin S
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Relaxation rates can be described in terms of the motion of the relaxation-active interactions 15N



relaxation (spin 1/2) relaxation active mechanisms are essentially : Dipole-dipole (DD)



+ DD



CSA



Source of fluctuating fields



Anisotropic electronic environment chemical shift anisotropy Assumed axially symmetric and coaxial with NH
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Transition Frequencies for Heteronuclear system I-S |ωH |=2π.600MHz ; τL(H)=265ps |ωN |=2π.60MHz ; τL(N)=2.65ns
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Local motion of the neighbouring spin (and CSA) at the transition frequencies of the spin system can induce relaxation to equilibrium
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Transition Frequencies for Heteronuclear system I-S



4



W2



ββ



S



W2I



βα



W0



3



I spin magnetization : population difference between two I spin transitions (1-3), (2-4)



W2
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1



αβ



2



W1S αα



W - rate constants for transitions
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Transition Frequencies for Heteronuclear system I-S



Rate equations for magnetizations :



4



R1I



σIS



W2



ββ



S



W2I



βα (I)Solomon equations



W0



3
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R1I - Auto relaxation rate constant



σIS - Cross relaxation rate constant : rate of transfer of magnetization from S spin to I spin
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1



αβ



2



W1S αα
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Relaxation of longitudinal and transverse magnetisation states



Longitudinal Relaxation



Transverse Relaxation
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How can we describe of these fluctuating local fields?



Correlation function



Fast fluctuations



G(" ) = B loc (t)B loc (t + " ) # 0



Simple model : Slow fluctuations



2 G(" ) = B loc e



!



#" "



c



Normalisation : !



c(0) = 1 " >> " c c(" ) # # ## $0



!



Local fluctuating fields described using a correlation function : measure of the rate of random fluctuations of the local field
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How can we describe of these fluctuating Local Fields?



Fast fluctuations



Spectral density function +&



1 P(" ) = 2#



J (" ) =



Slow fluctuations



!



1 2#



Broad frequency distribution : Spectral density function



' G($ )e %i"$ d$
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Narrow spectral density function



Simple model : !



!



J iso (" ) =



#c 2 5 1 + " 2 # c2



Local fluctuating fields described using a spectral density function : measure of the contribution of motion at each frequency. Area under the curve remains constant
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Relaxation rates - Transitions induced by random fields



H



(t)



random



Spin-state variables :



Available transitions defined by the spin system



Available frequencies of motion that can be sampled



Time-dependent geometric variables:



J(ω)



Random fields created by molecular motion Allow transitions to occur



Molecular motion ω
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Relaxation of longitudinal and transverse magnetisation states



Act on longitudinal sp in states : Transitions at Larmor frequencies



Longitudinal Relaxation Non-adiabatic Processes Non-secular terms



ΔBixy(t)



Affect transverse sp in states : Local dep hasing : non-reversib le! ΔBiz (t) Act on transverse sp in states



Transverse Relaxation Non-adiabatic and adiabatic processes Secular and non-secular terms



ΔBixy(t)
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Identification of secular and non-secular terms….. ….has never been easy



Ecole RMN Cargese Mars 2008



Relaxation of longitudinal and transverse magnetisation states Additional transverse relaxation mechanisms : R2 ≥ R1
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Characteristic NMR timescales



ps



ns



ms



µs



Spin relaxation



s



Lineshape/exchange Relaxation dispersion Real-time NMR Dipolar, scalar couplings



Librational motion



1/2πω0



1/Δν



T1



Larmor frequency



Chemical shift coalescence



relaxation



Molecular rotation



Collective motions



Protein folding Hinge Bending
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How do we derive expressions for relaxation rate constants? Relating the motion to the rate constant Wij = f{Aij, Y, J(ωij)}



spin



Motion Interaction



DD CSA



J(ω)



ω
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Liouville von Neumann Equation



dσ(t)/dt = -i[H (t),σ(t)]



Evolution of spin system



Hamiltonians : Scalar coupling Static field B1 field Dipolar coupling …
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Master Equation of Relaxation



dσ(t)/dt = -i[H



(t),σ(t)]



random



Transformation to interaction frame (see Beat Meier’s course)



~ ~ dσ(t)/dt = -i[H



(t),σ~(t)]



random



Evolution of spin system



Stochastic Hamiltonian
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Deriving expressions for relaxation rate constants Spin state evolves under the action of the stochastic Hamiltonian Hr(t)



d "˜ ( t ) = #i[ H˜ r ( t ),"˜ ( t )] dt τc 
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