Elementary physics of
multidimensional NMR
e Spin-magnetic field interaction (Zeeman
interaction). E=y hm Bo

* Indirect through bond coupling between spins

(scalar coupling). H,=2mtJ I,S,. Geometry
independent

* Direct dipolar interactions between spins. H,
~(1-3cos? B)L.S,. Geometry dependent
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“cross-peaks” in multidimensional NMR carry
structural information

Diagonal is closely
related to 1D
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2D contour
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Nuclear Overhauser Effect SpectroscopY (NOESY)

2D NMR

k—t— ] |[«—tm—| k— b —>

preparation evolution mixing detection

acquire




Nuclear Overhause Effect SpectroscopY (NOESY)

consider a two spin system, I & S:
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Nuclear Overhause Effect SpectroscopY (NOESY)
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When magnetization is
exchanged, spin | signal
contains information on spin
S and viceversa (cross-
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Nuclear Overhause Effect SpectroscopY (NOESY)
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A simple example: a small immunogenic peptide




Patterns of NOE interactions define protein secondary

structure
Distance a-helix Blo-helix B BP turn I® turn II?
d 3.5 3.4 2.2 2.2 3.4 2.2
aN
3.2 3.2
daN(i’i+2) 4.4 3.8 3.6 3.3
d (1,143) 3.4 3.3 3.1-4.2 3.8-4.7
ON
d _(i,i+4) 4.2
ON
2.8

d
NN

d_(1,1i+2) 4.2 4.1
NN

d 2.5-4.1 2.9-4.4 3.2-4.5 3.7-4.7

BNP

. . b _ -
daB(l'l+3) 2.5-4.4 3.1-5.1




COherence transfer SpectroscopY (COSY)

2D NMR
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consider a two spin system, [ & S:




COherence transfer SpectroscopY (COSY)

consider a two spin system, I & S:
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COherence transfer SpectroscopY (COSY)

t ty
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When magnetization is
exchanged, spin | signal
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Structural information: scalar couplings directly gives
you the torsion angles that define protein or n.a. structure

C{x 3T gon=3-9cos?¢p-1.3cosd +2.2
N\
N—-H
O= / 3 4p=9-5cos’y;-1.6¢cosy;+1.8




COSY and NOESY connectivities in the polypeptide unit




Amino acid identification from scalar coupling patterns

Different pattern
Gly ——w Ala Ser,Cys,Asp, Asn, Gln,Glu,Met
AX AgX acks I:::,Tyr,His,Trp BH AM(PTIX o of scalar
BH
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NOE interactions, scalar couplings (and chemical shifts)
can be combined to define protein secondary structure
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Even 2D spectra can be (and indeed are) very crowded

500 MHz NOESY
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3D Heteronuclear NMR
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Isotope Spin

'H
’H
13C
14N
1SN

(D

1/2
1
1/2
1
1/2

Useful nuclei such as '°N, 13C are rare

Natural
abundance

99.985 %
0.015
1.108
99.63
0.37

Magnetogyric ratio NMR frequency
v/107 rad T''s'!  MHz (2.3 T magnet)

26.7519 100.000000
4.1066 15.351
6.7283 25.145

1.9338 7.228

-2.712 10.136783




Requirements for Heteronuclear NMR: isotope labeling

* Isotopically labelled proteins can be prepared
straightforwardly in E. coli by growing cells in minimal
media (e.g. M9) supplemented with appropriate nutrients
('>NH4CI, 3C-glucose)

* Metabolic pathways can be exploited and appropriate
auxotrophic strains of E. coli can also be used for selective
labelling: e.g. use acetate instead of glucose and obtain
selective labeling of certain side chain CH,




Heteronuclear NMR exploits 1-bond scalar couplings
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The basic building block of Heteronuclear NMR (INEPT)
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The basic building block of Heteronuclear (INEPT-1D)

consider a two spin system, [ & S:
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The basic building block of 2D Heteronuclear NMR (HSQC)

INEPT Reverse INEPT
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HSQC is the building block and foundation for very many
heteronuclear NMR experiments
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The most important experiment for protein structure

determination: 3D NOESY HSQC
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Protein and nucleic acid 3D structure generation from NMR

unlabeled protein 15N, 13C-labeled
(S 12 KDa) NMR SPECTRA cloned protein
2D homonuclear NMR l 3D heteronuclear NMR

NOESY, COSY expts —1 NMR assignments

— triple resonance experiments

NOESY experiments — Distance (NOE) restraints+—— isotope-edited NOESY expts

backbone-backbone

sidechain-backbone} —— "N NOESY-HSQC

sidechain-sidechain — 13C NOESY-HSQC
COSY experiments — Torsion angle restraints —— 3D HNHA

Hebond restraints < Typical protocol for

:

Simulated annealing,
Restrained dynamics, or
Distance geometry

Initial structures

Iterative relaxation
Convergence » matrix approach

Restrained dynamics, or
Restrained energy minimization

FINAL STRUCTURES



