Structure Deter mination by
Multidimensional NMR

Questions:
What are the requirements and limitations of multidimensional NMR methods?
NMR spectra - many types of experiments.

What isthe “ Assignment Probleni ?

From peaksto secondary structure.

ik,

2

3

5. Howare“Assignments’ made?

6

7. Howistheprotein “ model” obtained?
8

Comparison of structure determination by Xray vs. NMR.

CH370 - Hackert (with examples from Dr. David Hoffman)

Image Formation

d - Light

Photography
|~ 400- 700 nm

« Electron Microscopy
| ~ 0.001-0.1nm

NMR Methods
Nuclear spin (nuclear spin Quantum Number | )

No spin: #neutrons and #protons both even - 12C, 160
Half-integer spin (1/2, 3/2, 5/2): #neutrons + #protonsodd - 1H, 13C, 15N
Integer spin (1, 2, 3): #neutrons and #protons both odd - 2H, 14N
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Elements with odd mass or odd atomic number
have nuclear “spin®.

NMR Methods

Nuclear spin and thesplitting of energy levelsin a magnetic field

Nucleusof spin | ; 2 + 1 orientations:

(m=- to +l) eg. | =%; m=-1/2, +1/2
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Energy levels for a nucleus with spin quantum number 142
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NMR Chemical Shift Chart
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'H NMR Spectrum of Phenylacetone
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NMR Methods

Small molecule NMR “Big’ molecule NMR
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Limitations for Structure Determination by
Multidimensonal NMR Methods

1. Protein must be“smallish” (< 300 amino acid residues)

2. Protein must besoluble and well behaved in solution.
(2-2mM or 30 mg/mL for a 20kDa protein)

3. Must beableto solve the“ Assignment” Problem

4. Must have sufficient number of distancerestraints

NMR Methods— COSY

Two-dimensional COSY (COrrelation Spectr oscopY) experiments allow you to
determine the connectivity of amolecule by determining which protons are spin-
spin coupled. One could accomplish the same task by adetailed analysis of spin-
spin splittings, given high enough resolution.

Sequential assignment
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=== Through bond comolation (COSY
= Through spaca comalation (NOESY)
http://www.bch.bris.ac.uk/staff/pfdg/teaching/nmr.htm




NMR Methods— COSY
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Structur e deter minationis performed using
Nuclear Overhauser Effect (NOE) spectra, to find protons
that are near each other in the structure.

NOESY isa acronym for Nuclear Overhauser Effect
Spectroscopy. Thenuclear Overhauser effect isthe
perturbation of the magnetization of one spin dueto

dipolar coupling with another spin. Sincethis
inter action is detected through SPDACEthe NOESY
experiment providesimportant information on inter-

nuclear distances.

Nuclear Overhauser Effect (NOE) - 1 Dimension
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Nuclear Overhauser Effect (NOE) —2 Dimensions

Lr T el

FIG TE A, S 20 MOE Spectrum of Asparagine
|
oy ..-'-’-I—h L =
|II'.:pa P = 1
LN
(X ] J.-|.I.p “ L
" !‘ "l =1
- & & Ll -]
£ 4
& - L L Fregquency
’ -5 (ppm) of
- L proton #1
" [ '_1_
£y . o
&
- & & L §
— — T
10 ] -] 4 2 a

Fregquency (ppm ) of proton # 1




Protein Structure Deter mination

The determination of protein structure by NMR methodsis largely
based on the ability to detect and quantify inter-proton distances
by measurement of the dipolar coupling between protons.

However - In order to obtain these distances it is necessary to
assign resonance frequenciesto the protons with the protein.
The latter is referred to as "assigning the spectrum®, or the

assgnment problem.

The assignments are based largely on the detection of scalar
coupling through chemical bonds. Analysis of spectrawill give
assignments of proton type (e.g. amide, alpha, beta etc.) and
carbon type.

First step of NMR analysisis spectrum assignment:
(Identifying the NMR frequency of as many nuclei as possible).

Proton
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Chemical Shifts
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Carbon Chemical Shifts
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]5N-L[l single-bond correlation (HSMQC) spectrum 100
Mouse antizyme-1 (AZ1), residues 87-227
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The 15N1H correlated HSQC spectrum of AZ1D86. The relatively disperse resonances are typical of a protein

that is folded and suitable for structural study by NMR methods. Some of the assigned resonances are labeled.

3-dimensional “triple-resonance” NMR
isused for solving the assignment problem.
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3-D HNCA spectrum of the mouse antizyme (AZ-1D86). A plane corresponding to a single 15N resonance
frequency is shown, obtained using our 500 M Hz cryo-probe equipped instrument. Resonance peaks
correlate the backbone amide 'H and **N nuclei with the alpha 13C of within the same and preceeding

amino acid.




Assignments: AZ-1

“HNCA" spectrum.
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Assignments: AZ-1
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Preliminary NMR results- [31 -""E;:I:E 'é‘r)
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Energy Refinement
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Bonded Energy Terms
Esono :bidljb(t -tg)?

Eancl = S (Ko (7 - 2002+ Ky(ry3 -rp)?

angles

Epre= O Sk, (1+COS(nf, +d))ifn,>0

dihedrals i=1,m

S Sk (f;-d)?ifn,=0

dihedrals i=1,m

Ewpr = O Sk, (1+COS(nf, +d))ifn,>0
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Fekenusrry 203, 42, 13541 - 13550

NMR Structure of an Archacal Homologue of Ribonuelease P Protein Rppl4

havid I, Sadoke and Travid W, Hofiman®
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Is the protein folded?
A simpie {qualitative) inspection of a 1-D NMR spectrum be
%’nergy baWeen ﬂlhminom"mib&.d..mad.wa:m:h
NMR and crystallography.
chemical shifts are dispersed,
folded protein, each proton is in a unique environment.
not aggregated
[] 6 I []
all protons have
chemical shifts that
random coil are similar 10 those
M of free amino acids.
% &= 3 5
very broad resonances
i indicate very slow
apgregated protein mandwlrr:ahrma
protein, typical of high MW
or aggregation.
[] [] [] []

Comparison of X-ray vs. NMR
Structure Deter mination

1. Largeprotein, crystals X-ray
2. Small protein, no crystals NMR
_3_ Smallproteincrysals Xry +NMR_
4. Highresolution X-ray
5. Surfacefeaturesof side chains X-ray
6.  Flexibility / Motions NMR
7. Interactions NMR




