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A Multi-Step NMR Screen for the Identification and Evaluation of Chemical
Leads for Drug Discovery
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Abstract: A multi-step NMR based screening assay is described for identifing and evaluating chemical leads for their
ability to bind a target protein. The multi-step NMR assay provides structure-related information while being an integral
part of a structure based drug discovery and design program. The fundamental principle of the multi-step NMR assay is to
combine distinct lD and 2D NMR techniques, in such a manner, that the inherent strengths and weakness associated with
each technique is complementary to each other in the screen. By taking advantage of the combined strengths of lD and
2D NMR experiments, it is possible to minimize protein requirements and experiment time and differentiate between non-
specific and stoichiometric binders while being able to verif ligand binding, determine a semi-quantitative dissociation
constant, identiff the ligand binding site and rapidly determine a protein-ligand co-structure. Furthermore, the quality and
physical behavior of the ligand is readily evaluated to determine its appropriateness as a chemical lead. The utility of the
multi-step NMR assay is demonstrated with the use of Prgl from Salmonella typhimuriun and human serum albumin
(HSA) as target proteins.

Keywords: Multi-step NMR screen, protein-ligand binding, line broadening, saturation transfer difference, 2D rH-r5N HSQC,
Salmonella typhimurium, protein PrgI, human serum albumin.
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INTRODUCTION

NMR has been demonstrated to be a useful addition to
standard high-throughput screening (HTS) techniques to
analyze small molecules for their ability to bind protein tar-
gets of interest [, 2]. A typical HTS assay may yield a bio-
logical response upon addition of the inhibitor, but as a result
of the complexity of the screening protocol and the mecha-
nism of monitoring a response, it is generally not feasible to
infer a binding interaction between the ligand and the protein
of interest [3]. There are numerous undesirable mechanisms
resulting from poor physical behavior of the compound that
will result in a positive response in an HTS screen (Fig. 1)
[a-7]. As a result, only a small percentage of the compounds
identified by HTS may actually bind the protein target in a
biologically relevant manner, where the remainder are false
leads [8].

NMR ligand affinity screens are routinely used to vali-
date these HTS hits by providing direct evidence for a bind-
ing interaction between the ligand and protein target through
a variety of NMR methodologies [9-14]. Observation of a
binding event may occur through: changes in line-width
and/or peak intensity (T1 and T2 relaxation changes) [15-18];
changes in the measured diffusion coefficient for the ligand
|9, 201; chemical shift perturbations for either the ligand
l2l,22l or protein |0,23,241; induced transferred NOEs
(trNOE) for the ligand [25-27]; a saturation transfer differ-
ence (STD) between either the protein or bulk solvent to the
ligand [28-30]; appearance of new NOEs and/or intermo-
lecular NOEs between the l igand and protein [3]-33], The

*Address correspondence to this author at the University of Nebraska-
Lincoln, Department of Chemistry, 722 Hamilton Hall, Lincoln, NE 68588-
0304, USA; Tel: (402)472-3039; Fax: (402)472-2044;
E-mail: rpowers3@unl.edu

non-specific binders
insolubility
aggregation
impurity
incorrect compou nd structure
compound stability
protean stability

binders

Fig. (l). The reality of screening compound libraries. A number of
undesirable mechanisms may lead to a positive response in an HTS
assay that is not a result of a specific interaction of the compound
with the protein target.

information obtained from the NMR analysis can be used to
identiff the binding site, measure a dissociation constant
[34] and determine a co-structure of the protein with the
Iigand [25, 35, 36]. NMR screens also provide crit ical infor-
mation on the viabilify of a compound to be classified as a
"good" lead candidate by verifoing the ligand's structure,
purity and solubil ity [37, 38].

NMR ligand affinity assays are also being routinely used
to identi$r novel chemical leads by screening small frag-
ment-based chemical libraries [39]. SHAPES [40] and other
related libraries I41,421, typically contain a small collection
of low molecular-weight compounds (150-250 Da) that cor-
respond to fragments of known drugs or are diverse func-
tional pharmacophores. The ultimate goal is to identifu two
or more ligands that can be chemically linked into a single
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