Practical Course in NMR and EPR

I. Basic concepts in Magnetic Resonance

II. Basic concepts in NMR

III. 1D-NMR experiments

IV. 2D-NMR experiments

V. Protein NMR

VI. EPR Spectroscopy

I. Basic concepts in Magnetic Resonance

a. Energy Levels

b. Magnetic Spin: EPR and NMR

II. Basic concepts in NMR

a. Chemical Shift

b. Splitting of Energy Levels (J-coupling)
c. Different Nuclei

i. gyromagnetic ratio

ii. natural abundance

d. Relaxation

i. T1 relaxation

ii. T2 relaxation

e. Chemical Exchange

f. Saturation Transfer

i. NOE/ROE

ii. Spin diffusion

III. 1D-NMR experiments

a. Why is concentration important?

b. 1D-proton NMR

i. Solvent suppression

1. presaturation

2. WATERGATE

c. 1D-C13 NMR

d. T1 relaxation for P450

i. Relation of distance and T1

ii. Determining exchange regime

iii. Example

e. STD

i. Mechanism

ii. Pro’s and Con’s

iii. KD vs. STD

iv. Example

f. Waterlogsy

i. Mechanism

ii. Pro’s and Con’s

iii. KD vs. Waterlogsy

iv. Example

IV. 2D-NMR experiments

a. Reasons for 2D-NMR experiments

b. Things you need for 2D-NMR experiments

c. Idealized system

i. 1D NMR

ii. 2D NMR

iii. 2D COSY (through bond)

iv. 2D NOESY (through space)

d. What if your molecule is ~1000 Daltons?

i. 2D ROESY

ii. Example of ROESY

V. Protein NMR
a. Required Protein Properties

b. Time

c. Steps

i. Step 1: make amino acid assignments

ii. Step 2: find NOE restraints

iii. Step 3: run molecular dynamics (MD) with constraints

VI. EPR Spectroscopy
a. Gyromagnetic rato electron versus proton

b. Types of EPR

i. Continuous wave-EPR

ii. Pulsed EPR

c. g-factor (EPR analog of ppm)

d. Isotropic versus Anisotropic

e. Absorbance and 1st derivative spectra

f. CW-EPR of P450’s

i. LS EPR spectrum

1. Heme axis orientation

ii. HS EPR spectrum

g. Pulsed-EPR

i. Electron Nuclear Double Resonance (ENDOR)

ii. ENDOR and P450

iii. ENDOR P450 Example

