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18– Special Topics:

Saturation Transfer Difference

(STD) Spectroscopy

This is a solution state NMR method, which is used

to identify which ligands bound best to a target

receptor. In other words, this technique is used to

probe one-site ligand binding of the type:

[E] + [L]←→ [EL] (18.1)

by seeing which ligand NMR signal is most affected.
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The basic idea of the method is shown in the picture

below:

The receptor (protein) molecule is selectively

(saturated) irradiated using a selective pulse, e.g.

Gaussian or any of the ones we saw in Chapter 3.



'

&

$

%

Since only the protein resonates in the range -1 ppm -

0 ppm, it is easy to achieve this selective irradiation.

The phenomenon which leads to a “labelling” of the

ligand and of the rest of the receptor molecule is spin

diffusion, so let’s take a closer look at this.

18.1 Spin diffusion in Solution

Spin diffusion is a process by which spin polarization

is transported between spatially separated equivalent

spins. There are two types: spatial spin diffusion and

spectral spin diffusion. Both arise because of the
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dipole-dipole interaction between the spins. They

can be distinguished by how they are detected:

1. Spatial: measured by deviations from

exponentiality during relaxation processes

2. Spectral: exchange of magnetization between

resolved resonance lines

So for our purposes here, we are dealing with the

effects on relaxation, i.e. spatial spin diffusion. We

can think of this process in terms of NOEs.

As we saw in Chapter 14, we can define the steady

state NOE enhancement as

η =
Γ12I2o

Γ11I1o

(18.2)

or

η =
σ

ρ
(18.3)

where the numerator is the cross-relaxation rate and

the denominator is the overall relaxation rate.

For a spin pair, this enhancement can be written in

terms of the Larmor frequency and the correlation
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time as:

Streiff et al., Mol. Pharm., 66, 2004
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The sign and the magnitude of η will depend on the

overall mobility and structure of the complex. If the

complex tumbles isotropically then τeff can simply

replace τc in the equation for η2 above.

Spin diffusion is a process which involves multispins

systems, therefore we need to take more than

two-spins into account. This requires specific models

to determine the enhancement quantitatively.

Generally speaking, the relaxation rates σ and ρ are

proportional to the number of spins involved.

Typically, though, ρ will increase faster as a function

of buildup time than σ, therefore η will be lower for

multispin systems (vs two-spin systems).



'

&

$

%

For the saturation transfer difference experiment the

network of spins can be approximated as three

groups of equivalent spins: the irradiated spins A

(receptor), a group which is not irradiated but

participates in the magnetization transfer B

(receptor), and finally, group C at which saturation

transfer is measured (ligand). By dividing the spin

system in this way, saturation transfer can be

approximated by two steps:

1. Step 1: Intramolecular NOE from A to B,



'

&

$

%

2. Step 2: Intermolecular NOE from B to C.

18.2 Pulse sequence

The basic pulse sequence for STD is:
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A key element to the sequence is the application of

on- and off-resonance (with respect to the protein

signals) irradiation (what does this accomplish and

how?). For ligands which do not interact with the

receptor, the difference between on- and

off-resonance irradiation

∆I = 0 (18.4)

whereas, for ligands which do interact with the

receptor

∆I > 0 (18.5)

The relative amount of saturation (see the first

figure) can be determined by plotting ∆I
Ioff

as a

function of the saturation time. For long saturation

times, this ratio will give η2.

18.3 Application of STD
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Example 1

Combination strategies: SAR by NMR
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Example 2

Elaboration strategies: Shapes
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