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How to prepare and what to expect
from NMR spectroscopy

A] Scientific question / I'd like to obtain:

1)Structure

2)Relaxation properties

3)Interaction at atomic level resolution
4)Analysis (NMR is also analytical method)
5)Image (MRI)

B] What do | need to provide / prepare?
C] How much would it cost?
D] How long would it take?

E] Can | do it on my own (or a sudent/colleague of mine)
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PDB Data Distribution by Experimental
Method and Molecular Type

Exp. Method Protein/NA Total
Complex

X-Ray 133461 2098 7091 8082 150732
NMR 11493 1309 267 92 13161
EM 4181 47 1478 501 6207
Other 32 1 0 4 37
Multi Method 162 6 3 6 177
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Source: http://www.rcsb.org as of 03Nov:.
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Overall Growth of Released Structures Per Year
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PDB Data Distribution by Molecular Weight of the Deposited Structure
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PDB Data Distribution by Molecular Weight of the Deposited Structure
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NMR
Safety First




Composition of the Earth’s Crust, Seawater, and the Human Body*

Earth’s Crust Seawater Human Body

Element % Compound mM Element

O 47 Cl™ 548

Si 28 Na™ 470

Al 7.9 Mg ™" 54

Fe 4.5 SO~ 28

Ca 3.5 Ca®* 10

Na 2.5 K* 10

K 2.5 HCO4 2.3 U.08
Mg 2.2 NO4 0.01 K 0.06
Ti 0.46 HPOf* <<0.001 S 0.056
H 0.22 Na 0.03
C 0.19 Mg 0.01

*Figures for the earth’s crust and the human body are presented as percentages of the total
number of atoms; seawater data are millimoles per liter. Figures for the earth’s crust do not

include water, whereas figures for the human body do.

Trace elements found in the human body serving essential biological functions include Mn,
Fe, Co, Cu, Zn, Mo, I, Ni, and Se.




For most of modern NMR applications,
13C, 15N, and often 2H needed

Isotope Ground Natural Rel.
state spin | abundance | Sensitivity
[%]

H 2 ~100 1.00x10%°

13C Y 1.10 1.59x107

5N Y 0.37 1.04x1073

19F Y 100 8.30x10

31p Y ~100 6.63x107

12C 0 98.90 -

150 0 ~100 -




) Small organic molecules synthesis
) Peptides (10-40 aa) - synthesis
3) Proteins (40-200 aa) 13C/>N enriched media
) Large proteins > 200 aa 2H/13C/*>N enriched media

If high concentrations (>1 mM) multidimensional spectra in natural abundance
can be performed




NMR as a tool for structure determination
of proteins and biological complexes:

From single proteins to large systems




Conventional scheme for structure determination by NMR

1) Sample preparation / protein expression

2) NMR data acquisition and processing

3) Backbone chemical shifts assighment

4) Assignment of side-chain chemical shifts
5) Peak-picking of NOESY spectra
6) Structure calculation

7) (iterative improvement of 5 and 6)




Before we start with assignment of backbone chemical
shifts we need to know:

1) Protein primary sequence

MQAQDDDFONF VATLESFKDL KSA SGSRI K KLTTYALDHI DI ESKI | SLI
| DYSRLCPDS HKLGSLYI | D SI GRAYLDET RSNSNSSSNK PGICAHAI NT
LGEVI QELLS DAl AKSNQDH KEKI RMLLDI WDRSGLF(KS YLNAI RSKCF
ANVDL EHHHHHH

2) Standard chemical shifts of Ca and Cp (vide infra)
3) Secondary structure prediction (values of 2) will be affected accordingly)

4) Precise peak-picking (manually or semi-automatically)

5) 13C/*>N uniformly labeled protein (6-30kDa)




Protein backbone and secondary structure

B-strand
parallel
NH, Nl-l;
CH—ER CH—R
c; r::’r
=%, .0
) £
R—CH R—CH
~H1‘; Hc
H. / —O-. =0
N L
% b
CH—R CH—R
£ 4
% - %
o y—H n—H
) !
R—CH R—CH
LY %
— e
Ho / O-- =0
HN HH‘HN
1Y %
CH—R CH—ER
Er C,,
= 0=
\ - \
) F
R—CH R—CH

N- — C-terminus

antiparallel
NH; COOH
CH—R R—CH
) Y
0=C N—H
! £
N—H--0=C
/ A
R—CH CH—R
A £,
C=0--H—N
! A\
H—N C=0
% !
CH—R R—CH
£ A
0=C N—H
% s
MN—H=-=-0=
4 %
R—CH CH—R
! !/
C=0--H—

F !
H—M C=0
h! )
CH—R R—CH
/ \
0=C N—H
b e
N—H--0=
! %
R—CH CH—R
\ /

Hydrogen bond

a-helix
H.FC H HF""-.
R ']J_..-C——c H

Q) |
T | _H£&70
[t
H RN
“No B g
I ' i -/'




13C chem. shift in proteins
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In a 13C/*°N uniformly labeled protein, correlation spectra can be
measured through single- and double-bond couplings

13Cy
35Hz
13CB HB— 13C[3130HZ HB
|35Hz ‘35Hz

13C 55Hz 13c -15H215N -11Hz 13C 55Hz 13c

140Hz
-92Hz < 1Hz

[,
Sattler et al. Prog. NMR Spectrosc. (1999) 34, 93-1
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15N-'H HSQC - Heteronuclear SingleQuantum Correlation

1) 1 peak = 1 amino acid
2) Excellent info about the protein fold
3) No info about primary sequence
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Traditional triple resonance NMR spectra for protein backbone assignment
1) HNCO — chem. shifts of C=0

2) HNCA — chem. shifts of C,;, C, .4 |
3) HNCOCA — chem. shifts of C ¢ H O

a,i-1 | | ||

4) HNCACB — chem. shifts of C,;, Cy i1, Cpi Cpig NS o O

G,i’ N ; C/Oé N

5) HNCOCACB — chem. shifts of C, .4, Cgs;4 o0 8 m
’ 4 |
R

13c;_;’ g e

Two of the above spectra needed
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Backbone chemical shifts assignment example:
- fragment S65-S71 (50-66ppm v 3C)




Automatic chemical shifts assignment
1) With a known 3D protein structure (e.g. X-ray, Modeller)

2) Without prior knowledge of a structure

3) e.g. Automated Projection SpectroscopY APSY (S. Hiller, F. Fiorito, K. Withrich & G. Wider,
PNAS (2005) 102, 10876-81)

Advantages
1) Time

Disadavantages

1) With increasing size of the protein (increasing spectral overlap) the reliability is decreasing




How to prepare and what to expect
from NMR spectroscopy

1)Structure
2)Relaxation properties
3)Interaction at atomic level resolution
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B] What do | need to provide / prepare?

C] How much would it cost?

D] How long would it take?

E] Can | do it on my own (or a sudent/colleague of mine)
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Thank you for your attention
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