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NMR : a structural biology tool among others
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NMR: from the sample to the 3D structure
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NMR: developments and limits
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NMR: developments and limits

Trying to overcome liquid-state NMR limits — Strategy 1
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NMR: developments and limits
Trying to overcome liquid-state NMR limits — Strategy 2
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NMR: developments and limits
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NMR: a structural technique?

Structural information
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Some key parameters and their usage in structural biology
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Chemical shift: a finger print of the biomolecule
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Chemical shift: a finger print of the biomolecule
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Chemical shift: a finger print of the biomolecule
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Chemical shift; a structural information content

CSl = 6measured'brandomcoil

Alpha Helix
Beta Sheet

=TT

CA Secondary Shift (ppm)

CA
IMIhII.
e

Alpha Helix CB
Beta Sheet




Chemical shift; a structural information content

ASC™ (ppm)

ASCO (ppm)

== P = {(PPP)—
2]
i M
04
A 4

3. — —_— — {(PPP)—
L

24

14

oLAM}%" N
14 Interest

I for IDPs

Chemical shift; a structural information content
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Chemical shift: a structural information content
wwaw.pnas.org/cgl /dol/ 10.1073/ pnas. 0800256105 PNAS | March 25, 2008 | vol. 105 | no. 12 | 4685-4690

Consistent blind protein structure generation
from NMR chemical shift data

Yang Shen*, Oliver Lange®, Frank Delaglio*, Paclo Rossi*, James M. Aramini*, Gachua Liu*, Alexander Eletsky®,
Yibing Wu®, Kiran K. Singarapu®, Alexander Lemak", Alexandr Ignatchenko', Cheryl H. Arrowsmith",
Thomas Szyperski®, Gaetano T. Montelione?, David Baker'l, and Ad Bax*|

*Laboratory of Chemical Physics, Mational Institute of Diabetes and Digestive and Kidney Diseases, National Institutes of Haalth, Bethesda, MD 20892;
tDepartment of Biochemistry and Howard Hughes Medical Institute, University of Washington, Seattle, WA 98195; *Canter for Advanced Biotechnology and
Medicine, Departmeant of Molecular Biclogy and Biochemistry, and Northeast Structural Genomics Consortium, Rutgers, The State University of New Jersay,
and Robert Wood Johnson Medical School, Piscataway, N 08854; 3Departments of Chemistry and Structural Biology and Northeast Structural Genomics
Consortium, University at Buffalo, State University of Mew York, Buffalo, NY 14260; and "Ontario Cancer Institute, Department of Madical Biophysics,

and Northeast Structural Genemics Consortium, University of Teronto, Toronto, ON, Canada M5G ILS

Protein NMR chemical shifts are highly sensitive to local structure.
A robust protocol is described that exploits this relation for de novo
protein structure generation, using as input experimental param-
eters the '3Ce, 13CP, 3C’, N, 'H~ and 'HN NMR chemical shifts.
These shifts are generally available at the early stage of the
traditional NMR structure determination process, before the col-
lection and analysis of structural restraints. The chemical shift
based structure determination protocol uses an empirically opti-
mized procedure to select protein fragments from the Protein Data
Bank, in conjunction with the standard ROSETTA Monte Carlo
assembly and relaxation methods. Evaluation of 16 proteins, vary-
ing in size from 56 to 129 residues, yielded full-atom models that
have 0.7-1.8 A root mean square deviations for the backbone
atoms relative to the experimentally determined x-ray or NMR
structures. The strategy also has been successfully applied in a
blind manner to nine protein targets with molecular masses up to
15.4 kDa, whose conventional NMR structure determination was
conducted in parallel by the Northeast Structural Genomics Con-
sortium. This protocol potentially provides a new direction for
high-throughput NMR structure determination.
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Fig. 4. Results from blind CS-ROSETTA structure generation for four structural genomics targets (Table 2). The remaining five are in SI Fig. 12. (A-D) |
Superposition of lowest-energy CS-ROSETTA models (red) with experimental NMR structures (blue), with superposition optimized for ordered residues, as;
defined in the footnote to Sl Table 5. (E-H) Plots of rescored (Eq. 1) ROSETTA all-atom energy versus C* rmsd relative to the lowest-energy model (bold dot on |
vertical axis). (A and E) StR82. (8 and F) RpT7. (C and G) VIR117. (D and H) NeT4.
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Chemical shift and chemical exchangeu§-ms)
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Chemical shift: a tool for interactions
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Chemical shift; a tool for interactions

Relaxation

RF pulse

1 transition every 3.10'3 years

Wy = 1ou?/(2h23) =102 s-1 ('1H@ 11.7 T)
Excitation of spin-state

Spontaneous emission is negligible at NMR frequencies!

(W, = 108 s for electronic transitions at optical frequendies)




Relaxation

RF pulse
Molecular motion

Back to equilibrium~1-10 s

Relaxation de I'état de spin

Relaxation: an interaction tool
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Relaxation: an interaction tool
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Relaxation: a dynamical information
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Scalar couplings
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Scalar couplings: a structural information content

Oligosaccharide sugar-pucker
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NMR Spectroscopy of RNA 4.0

B. Furtig, C. Richter, J. Wohnert and H. Schwalbe
ChemBioChem, 2003 4, 936 - 962
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Figure 27. Karplus relation of *J(H1',H2'), *J(H2',H3'), and *J(H3',H4’) coupling
constants depending on the pseudorotation phase P at a pseudorotation
amplitude v, of 44°.

Scalar couplings: a structural information content
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Dipolar interactions
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Dipolar interactions
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Dipolar interactions: a structural information content

Overhauser effect
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Dipolar interactions: a structural information content

RNA

Overhauser effect
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Figure 17 A} Schematic representation of the sequential assigrnment strategy in helical A-form RNA for nonexchangeable protons. The amows show the intrares idual
NOE connectivities be tween the aromatic and the sugar protons H1' =H3" and the sequen tial NOE correlation between the H3' = HE, H8 protons and the HS - HT' protons.
The seguental assignment of the helical A-form conformation i possible by determingtion of these NOE coss-peaks. In addition to the exchangeable protons,

only the intercatenar NOE interactions between the adenine H2 and R’ of the corresponding RNA strand give information about the helical conformation. B) An
example for the NOESY acsignment procedure shown for the cUUUUg loop RNA. The NOESY spectrum was recorded in D50 at 600 MHz and the mixing time was
200 ms. Annotation by using two residues indicates connectivities due to seguential NOE contacts and annotation with one nucleotide indicates intraresidual NOE

Irberactons.

B. Furtig, C. Richter, J. Wohnert and H. Schwalbe

ChemBioChem, 2003 4, 936 - 962

Dipolar interactions: a structural information content
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Dipolar interactions: a structural information content

Calculation of the structure of the theophylline-binding RNA aptamegd3—H residual
dipolar couplings and restrained molecular dynamics.

The panels (i—iii) represent the lowest target-function conformations fhenmOe/J-coupling
ensemble: (i) superposed using all the nucleic acids; (ii) superposed using the s36rb0
region; and (iii) superposed using the stem ll—loop region. (iv) The structuraindmse
represents the nOe/J-coupling/RDC ensemble superposed on all nucleic acids.

Dipolar interactions: an intermolecular interaction tool
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Dipolar interactions: an intermolecular interaction tool
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Dipolar interactions: an intermolecular interaction tool
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Dipolar interactions: an intermolecular interaction tool
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Dipolar interactions: an interaction tool
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Dipolar interactions: a dynamical information content

Ensemble size N
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Measured RDC (Hz) Al Hashimi, J. Magn. Re2013 191-204

Conclusion

>€Chemical shift information:
¢ a structural information content
+ a powerful tool to follow local changes; specific interest in functional studies
><Relaxation parameters:
+ a measure of the dynamics in the ps-ns time-scale; an access to motion
+ a tool for interaction studies
>&calar couplings:
+ a unigue tool to transfer magnetization for the spectroscopist
+ an angular information
>Dipolar interactions:
+ an orientational and distance information
+ a source of intermolecular contact information

+ a source of dynamical information in tlpg-ms time-scale




Conclusion

Structural information
Local probes

Biomolecular NMB)

h Dynamical information:
“re amplitude and
’O time-scale of motion
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Interactions between
different partner :
interaction site, K,




