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Ligand binding interaction studies

In the search for new chemical entities (NCE) that are able to
interact with a selected disease relevant target, biologists and
chemists spend significant efforts in developing and applying
very advanced screening assays. These target-based assays are
used in screening campaigns with large libraries of compounds
searching for inhibiting or activating molecules. However, not
all targets are amenable to high throughput screening (HTS)
platforms and, despite the initial enthusiasm and trust put into
these approaches, the overall hit rates was found to be rather
low.

Over the past 10 years, NMR has emerged as a complementary
technology that could address issues not attainable using HTS
methods. Although NMR based methods are characterized by a
low- to medium throughput (ca. 100 to 3000 compounds/week
depending on the method) when applied to ligand binding
studies, they have the advantage to be extremely reproducible
and, unlike the biochemical or cellular assays commonly used in
HTS screens, are able to identify weak binding molecules (mM
range). This opened up a whole new world of opportunities,
especially when initially focusing on selectivity rather than on
affinity. These weak binders can then be used as starting points
in the lead discovery and lead optimization process. Fragment
based drug discovery approaches (FBDD) form an elegant
example where NMR based approaches can be vital in
identifying weak but true binders.
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Figure 1. Target-ligand screening and interaction studies are
typically covered during pre-clinical research.

Importantly, NMR-based screening does not require labeling to
support the read-out of experimental results but only need
access to purified (active) protein and to suitable compound
collections. Moreover, the experimental design of the binding
studies by NMR spectroscopy can be tailor-made, focusing
either on the ligand or on the protein.

In addition to the identification of ligands that bind, NMR can
also provide important structural information about the target
binding site and/or the ligand binding mode (e.g. competitive
versus allosteric binding). Today, the NMR-toolbox available to
investigate and understand target-ligand interaction contains a
large set of versatile and powerful techniques that are valuable
in discovering and optimizing molecules for targets, For
instance this applies to situations where the target is difficult to
purify in reasonable quantities, selectivity is key or where
activity assays are not achievable at the scale of HTS screening .

Spinnovation’s solution to target-ligand interaction
studies.

Spinnovation Analytical has available the fastest and most
sensitive NMR applications to support the investigation of
ligand binding (cryoNMR, high-field NMR, NMR automation).
The expertise of our personnel covers the design of ligand
binding studies, development and application of NMR based
methods, analysis/integration of experimental data to derive
interaction properties, structural information and ultimately
binding mechanisms.

Why going to NMR ? In what activity to use NMR assays ? Main advantages of NMR assays?
e Targets not amenable for HTS assays e Structure based drug design e no time and funds wasted on
e Targets not amenable for X-ray assay e Hitvalidation developing crystallization methods
e Investigate weak binding molecules e Lead optimization e rapid delivery of results when soluble
(FBDD) e Pharmacophore identification protein can be obtained

e Drugability assessment e deliver information about binding mode
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e Easy development of competition
experiments
e No labeling required
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Case study: ligand binding to FKBP12.

FKBP12 is a well described protein drug target known in humans
for binding the immunosuppressant FK506, which is used in
treating patients after organ transplantation and patients
suffering from auto-immune disorders. We used this ligand-
target system to set up and validate the NMR-based
methodology to be used in another target-ligand interaction
study.

The interaction of isolated FKBP12 protein with 2-phenyl-
imidazole and FK506 was investigated by NMR using 1D -
NMR, waterLOGSY and T1p experiments. The investigation of
ligand-target interaction by NMR can be tailor-made such that
the focus could be either on the ligand or on the protein. We
present here a overview of the results obtained.

Protein-based interaction study

Binding of the ligand to the target causes perturbation of the
chemical shifts (NMR peak position) of residues at- or vicinal to-
the protein binding site. In the 1D 'H NMR spectrum, the effect
of ligand binding can be observed by looking at the FKBP12
protein resonances in the methyl region (see Figure 2). The -
NMR chemical shift perturbations caused by the binding of
FK506 or 2-phenyl-imidazol reveal that these compounds
interact with the protein in the region of its binding site.
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Figure 2. Expanded region of 1D "H NMR spectrum of FKBP12
methyl protons. Bottom: in absence of ligand; Middle: in
presence of 2-phenyl imidazol; Top: in presence of FK506. In

Conclusions
NMR-based methods are part of the toolbox applied to
lead discovery and lead optimization. It is typically used
to support the investigation of the following issues:

e Drugability assessment

e Lead finding

e  Pharmacophore identification

e  Hit validation

e  Lead optimization
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presence of ligand, the chemical shifts of methyl groups of Val55
and lle-56, present at the protein binding site, are affected by
changes ( Stebbins et al. 2007, ] Med Chem, 50, 6607-6617).

Ligand-based interaction study

Another approach to detect binding is by looking at the ligand
NMR signals. For e.g., the difference in NMR relaxation
properties between a small and a large molecule can be used to
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a larger protein. While bound to the protein, a small molecule
adopts temporarily the properties of its cognate target. For
instance T1 relaxation will then be much faster, meaning that
once the molecule has been irradiated in the NMR spectrometer
using sequences of radio-waves, its excitation will dissipate
faster so the molecule will get back to its energetic equilibrium
earlier than a molecule that would not interact. Probing binding
by using T1p NMR experiment is based on the above principle.
In figure 3, a comparison of T1p NMR experiments on free and
FKBP12-bound 2-phenyl-imidazol is presented. Because of the
difference in relaxation properties, the signal intensity in the
NMR spectrum of the bound 2-phenyl-imidazol fades out much
faster than in case of the free 2-phenyl-imidazol.
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Figure 3. Expanded region of T1p spectra of (left) 2-phenyl-
imidazole bound to FKBP12 and free (right). Upon increase of the
T1p filter the NMR signal of the fast relaxing molecule (large
molecules/bound molecules) are decreasing faster than slow
relaxing molecules (small molecule/not-bound molecules).
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Spinnovation has available all NMR-based
applications necessary to engage into these intricate
studies and, even most importantly, have the know-
how and dedicated personnel with validated
experience in the field
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