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Fragment-based Drug Discovery
In comparison with traditional high-throughput screening (HTS), fragment-based
drug discovery (FBDD) is characterized by the screening of smaller libraries of
compounds (typically containing 1000-5000 fragments) with lower molecular weight
(i.e., smaller than 300 Da).1 The essence of FBDD is that small molecular
fragments are ideally suited for probing protein binding sites for key binding
interactions but small enough to minimize the chances of unfavorable interactions
that prevent them from binding.2 Because the size of chemical space increases
exponentially with molecular size, fragment-based screening results in substantially
better coverage of chemical space and typically results in higher hit rates than
HTS.3-5 Furthermore, fragment hits often provide better starting points in terms of
physicochemical properties.6 Due to its attractiveness in terms of a highly efficient
drug discovery process, FBDD has transformed in less than a decade, from a niche
area of research that was only applied by small biotech companies to a serious
alternative for HTS that is currently being applied (often in parallel with HTS) by
every major drug discovery firm. Illustrative of the impact that FBDD is making on
the drug development process, is the increasing number of FBDD-derived
compounds that are in phase I and II clinical trials.5,7 Very recently, the first FBDDderived drug, Zelboraf® (vemurafenib) has been approved by the FDA and may be
considered a case study on how FDBB can enable a more efficient drug discovery
as it took only 6 years from the start of the program to FDA approval whereas it has
recently been estimated that this process takes 13 years on average.8-10
A crucial aspect of FBDD is the efficient optimization of the binding affinity of
fragment hits towards high affinity clinical candidates. Structural biology has been
shown to be extremely helpful to guide the optimization of fragment hits towards
novel and potent lead compounds.7,11-14 As AChBP provides relative easy access
to X-ray co-crystal structures, we embarked on FBDD approaches to develop new
ligands that bind to AChBP. Next to finding novel ligands with affinity for AChBP
and to improve our understanding of ligand-protein interactions, the studies were
also aimed at increasing our understanding of FBDD.
Thermodynamic Analysis
Although structure-activity relationship studies have almost exclusively been using
affinity and activity data, there is also growing awareness that this experimental
data is an indirect measure of measuring the complementarity between ligand and
protein. A more direct way of describing intermolecular interactions is by
considering the thermodynamic properties of these interactions. Thermodynamic
analysis provides access to the constituents of the Gibbs energy of binding (ΔG°),
enthalpy (ΔH°) and entropy (ΔS°). The dissection of binding energy into separate
enthalpic and entropic contributions adds an additional dimension to binding affinity
and can provide crucial insights into the physical forces that drive ligand-protein
interactions. For example, favorable changes in enthalpy may result from direct
binding forces such as formation of hydrogen bonds, van der Waals contacts and
- interactions. On the other hand, favorable changes in entropy often result from
changes in the ligand or protein‟s conformational freedom and the displacement of
water molecules as apolar regions of the binding site and the ligand are brought
together.
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Determination of thermodynamic binding profiles may be especially useful in a
FBDD context. Typically, fragment hits bind with low affinity to their respective
protein partners, and as a consequence, extensive increases in binding affinity
need to be realized to obtain low nM clinical candidates. As will be discussed in a
survey of scientific literature (Chapter 3), it is easier to improve binding affinity by
optimizing entropy, with the addition of hydrophobic groups, than it is through
enthalpy, which requires polar interactions to be optimized. Therefore, choosing a
fragment hit in which binding is enthalpically driven as a starting point and adding
hydrophobic groups during optimization, may provide an efficient route to high
affinity compounds with both favorable changes in enthalpy and entropy and a
reduced risk of attrition. In addition, thermodynamic analysis may be very useful in
guiding and monitoring (structure-based) fragment optimization. In combination
with structural data, the stepwise fragment growing process provides an ideal
dataset with which to improve our understanding of the thermodynamics of binding.
In Chapter 3, the techniques that enable thermodynamic analysis of fragmentprotein complexes are discussed, the currently available thermodynamic data on
fragment-protein complexes are summarized and several key studies that highlight
the role of thermodynamics in FBDD are discussed in more detail.
Research Aims
AChBP can be considered an excellent research tool to study FBDD approaches.
Due to its water soluble nature, this nAChR ligand binding domain homolog
provides relative facile access to X-ray co-crystal structures enabling structurebased optimization. Moreover, compared to membrane-bound proteins, watersoluble proteins are easier to incorporate in biological assays and better applicable
in biophysical techniques such as SPR biosensor analysis and isothermal titration
calorimetry (ITC). For these reasons, we have embarked on a fundamental study in
which AChBP is used to increase our knowledge on how to efficiently optimize
fragment hits. In addition, we have studied which techniques are suitable to monitor
the fragment-optimization process in terms of efficiency and information content. In
the process, we kept an eye on translating our findings with AChBP to the
homologous but therapeutically relevant nicotinic receptors. Thus, at the beginning
of this project we set ourselves with the following research aims:




Increase our knowledge on how to efficiently optimize fragments towards
high affinity binders using AChBP as a model protein.
Investigate if thermodynamic analysis can contribute to a more efficient
fragment-optimization process using AChBP as a model protein.
Investigate if our fragment-optimization studies on AChBP can contribute
to our understanding on how to design subtype-selective ligands for the
therapeutically relevant human nAChRs.

Outline of the thesis
In Chapter 3, the technologies that enable thermodynamic analysis of fragmentprotein complexes are discussed. In addition, the available thermodynamic data of
fragment-protein complexes is summarized and several key studies that highlight
the role of thermodynamics in FBDD are discussed in more detail. Chapter 4
describes the successful optimization of a fragment hit by growing into AChBP‟s
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lobeline-pocket. The fragment optimization was monitored with X-ray co-crystal
structures and thermodynamic analysis using SPR biosensor analysis and ITC.
Chapter 5, focuses on the structure-based design, synthesis and structure-activity
relationships of dibenzosuberyl- and benzoate substituted tropines as ligands for
acetylcholine binding protein. These studies resulted in the identification of an 7
nAChR selective fragment hit. The optimization of this fragment towards a potential
dual action anti-inflammatory agent is described in chapter 6. The final chapter 7
summarizes the most important conclusions of this thesis and evaluates the
outcome of our research aims.
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