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1D "H spectra: folded vs unfolded 1D 'H spectra: stability over time
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2D H,5N spectra: typical chemical shifts 2D H,1°N spectra: typical chemical shifts
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2D H,™N spectra: chemical shift dispersion

2D TH,"5N spectra: peak counts
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2D TH,15N spectra: molecular weight 2D H,"N spectra: IDPs, temperature and pH
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13C chemical shift / ppm

2D H,13C spectra: typical chemical shifts 2D 'H,'3C spectra: chemical shift dispersion
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2D H,13C spectra: methyl chemical shifts 2D spectra: assessing sensitivity
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- The first contour plot: , )
the Schiehallion Schiehallion (2011)

experiment (1774)

X

N < .7. l‘ A ,t BRSNS

CharleS H utton ( 1 778) Map Of A Nation: A Biography Of The Ordnance Survey

. . . Stokes-Einstein—-Debye equation:
Rotational diffusion correlation time vs molecular weight
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Estimating rotational correlation times from N T; and T»
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Increasing viscosity and molecular size

TRACT: correlation times for big proteins

Transverse Relaxation-Optimized Spectroscopy (TROSY)
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Effective rotational correlation times of proteins from NMR
relaxation interference
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Rotational correlation times from N 77 and T2 — assumptions!

All peaks contribute equally T, =

» Spherical molecule (isotropic tumbling)

* Rigid (S? order parameters = 1)

e Correlation time WILL ALWAYS BE UNDERESTIMATED!

T T 1
100 Aj [ms] 200

R, = -1y +Ru + Rcs
Rﬂ:/l—i_rlxy +RH +RCS

Ry — Ry =211, = 2pdx(4J(0) + 3J () (3cos?0 — 1)

J(w) = 0.41./[1 + (1.0)*]



TRACT analysis in Excel
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~ TRACT analysis
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Observed rates

R_alpha 27 s-1
R_beta 47 s-1
Spectrometer

Field MHz

Calculations

AR 20 s-1
Ny 10 s-1
Result

v c r i
Constants
mu0 1.2566E-06
gammaH 2.68E+08 s-1T-1
gammaN -2.71E+07
h 6.63E-34 Js
rHN 1.02E-10 m
AGN 1.60E-04
6 17.00 degrees

Derived parameters

BO 1644 T
] -2.55E+04
oN -16813.707
PON(3cos’B-1) 7.47E+08
Wy 2.80E+0S rad s-1

Pulsed-field gradients in NMR

Disruption of field homogeneity

Magnetic field strength linearly

proportional to position
along z-axis:

B=BQ+G'Z

Translational diffusion

* Global property — all residues in a protein have the same diffusion
coefficient

» Stokes-Einstein relation to hydrodynamic radius:

kT

D=——
67171R

NMR measurement of translational diffusion
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|0 | Pulsed-gradient spin-echo
| A |

Pairs of gradients encode & decode
the z-position of spins.

Diffusion occurring during the delay A results in imperfect
refocusing, and reduction in observed signal.



Hydrodynamic Radii of Native and Denatured Proteins Measured by Pulse Field
Gradient NMR Techniques®
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Data analysis: the Stejskal-Tanner equation
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Summary: rotational vs translational diffusion

Rotational Translational

T1/T2 ratio,
TRACT

pulsed gradient

Experiment ochos

Labelling required BN (2H) none

Measurement type local global
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structure

Sensitivity to
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high
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low
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