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Applications of NMR screening in the pharmaceutical industry
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A major role of NMR in drug discovery over the
past 10 years has mainly been in the areas of protein
structure determination and the conformation of a
bound ligand [1]. While this area is still being heavily
investigated, there is a new paradigm beginning to take
hold, NMR as a ligand screening tool, which has been
termed ‘affinity NMR’ [2]. This term can be defined as
‘the utilization of an NMR observable parameter, to
detect a ligand–receptor interaction’. The nature of
these ‘observables’ includes relaxation, chemical shift
perturbations, inter-ligand NOE, transfer NOE, PFG
diffusion weighted NMR, saturation transfer, NOE
pumping and spin label effects.

The use of relaxation as a probe of ligand binding
was described some time ago, but its utility as a tool for
drug design has only recently been exploited [3]. It is
one of the most frequently used NMR experiments for
ligand binding studies. The interpretation of the data is
straight forward as seen in Fig. 1. A mixture of poten-
tial ligands is recorded in the absence and presence of
the target protein.

The chemical shift perturbation method ‘SAR by
NMR’ has received much interest [4,5]. Using 15N

labeled protein the ligand interaction is seen as a shift
in the HSQC spectrum as shown in Fig. 2.

The inter-ligand NOE [6] and transfer NOE [7] ex-
periments are interrelated in that the observation of
binding of the small molecule is observed by its phase
difference with the diagonal in a NOE spectrum. The
inter-ligand NOE has the advantage of relaying infor-
mation concerning the distance between two ligands
which are simultaneously bound.

PFG diffusion NMR experiments to observe binding
events have recently been shown to be a useful decon-
volution tool [8,9]. The concept behind these studies
involves the translation motion of a bound ligand being
reduced by comparison to compounds not bound, by
reducing the translational motion [10]. This experiment
can be performed either in a one or two dimensional
version called DECODES [11]. The DECODES experi-
ment can be used either to identify bound ligands or to
determine binding constants.

The NOE pumping experiments were developed to
alleviate some concerns resulting from diffusion experi-
ments [12,13]. These experiments only detect binding
ligand signals transferred from target macromolecules
or from the ligand to the macromolecule (inverse
pumping) by NOE shown in Figs. 3 and 4.

Saturation transfer experiments (STD) have also
been quite useful in determination of a bound ligand to
a receptor [14–16]. These experiments utilize the mag-
netization transfer from the protein to the ligand or
from the ligand to the protein. In the experiment pro-
posed by Meyer and coworkers, i.e. the steady-state
NOE experiment, a difference spectrum is generated
from a spectrum recorded with saturation of a protein
resonance (or resonances) and a normal spectrum (with
off-resonance saturation). A variant of this experiment
uses the large reservoir of bulk H2O magnetization [17].
It is possible to detect via different transfer mechanisms
small molecules that interact with a target protein,
DNA or RNA fragments.

Recently the application of spin labels has been
applied to the problem of orientation of bound frag-

Fig. 1. Relaxation experiement using spin-echo pulse sequence. Dot-
ted lines indicate where a reduction in signal intensity is observed.
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Fig. 2. 15N HSQC spectrum for a protein showing the chemical shift perturbation caused by ligand binding indicated by the broad lines.

Fig. 3. Stack plot of 1D 1H spectra of HSA with three ligands as the
mixing time tm increases (from 5 ms to 1.2 s in intervals of 0.05 s) at
a temperature of 300 K, where g=34.8 g/cm, d=3 ms, T=50 ms,
t=3.5 ms, 512 scans were collected, and the experiment time for each
spectrum is 30 to 40 min. Signals from bound ligand salicylic acid and
water are indicated.

Fig. 5. 1H spectra of a library of eight aromatic compounds in the
presence of spin-label 1*, and in the absence (upper trace) and
presence (lower trace) of Bcl-xL. The active compound 2 can be easily
identified since its two resonances (arrows) are broader and vanish in
the presence of Bcl-xL.

ments [18]. This experiment shown in Fig. 5, when
applicable, promises to be a powerful drug design tool.

The one dimensional NMR methods can be applied
to macromolecules without size limit, without well re-
solved signals and without isotope labeling. They are
applicable to weakly to modestly bound ligands and the
results can be obtained relatively fast and the process
can be automated.
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