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GENERAL DISCUSSION AND FUTURE PERSPECTIVES 

Drug discovery programs in the pharmaceutical industry often start with a high throughput 
screening campaign.1 Huge libraries of drug-like compounds are screened at a single 
concentration. This method is very resource-intensive and does not always lead to a good hit 
compound.2 More recently, the idea was born to screen smaller compounds, so-called 
fragments. This approach has several advantages. Compound chemical space increases 
exponentially with the number of atoms, therefore fragment chemical space is much smaller 
than drug-like chemical space.3 Consequently, the more confined fragment space is more 
appropriately covered with a compound library. Secondly, fragments are less likely to contain 
interfering moieties; therefore the chance of a good fit with protein binding pockets is 
increased. Although fragments typically have low affinities, their ligand efficiencies (LEs) are 
often excellent as a result of a perfect fit.4, 5 LE indicates the contribution of the atoms in a 
compound to the affinity or activity and is defined as the binding energy divided by the 
molecular weight or number of heavy atoms of a ligand. Lastly, fragment-based drug discovery 
is design-intensive rather than resource-intensive, which makes this approach attractive for 
academic groups. In our medicinal chemistry group, a new FBDD research line was started at 
the beginning of this PhD project and unleashed on several protein targets.  

 

 

 

 

 

 

 

 

 

Figure 1 | Schematic representation of the fragment-based drug discovery process. 

This thesis explores three key activities in any FBDD approach, namely 1) fragment library 
construction and evaluation, 2) the development of novel fragment screening methods and 3) 
fragment growing (drawn schematically in Figure 1). In the next paragraphs we will discuss 
these stages one by one. To enable these FBDD studies, the stable, water-soluble acetylcholine 
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binding protein (AChBP) is used, which is a widely accepted model protein for the ligand-
binding domain of nAChRs. 

1. FRAGMENT LIBRARY DESIGN AND SCREENING  

This project started with the construction and analysis of a fragment library. VU University 
Amsterdam has a large in house compound collection of about 15.000 compounds. This 
collection consists of compounds from the more than 50 years chemical history of the group of 
the VU, and from a discontinued pharmaceutical company (adopted by prof. H. Timmerman). 
We aimed for a library of about 1000 fragments, which is an often used size for fragment 
libraries (see overview in Chapter 3).6 Typical yields in fragment-based screening are between 
0.5 and 10%, so at least a couple of hits can be obtained with 1000 fragments.7, 8   

Analyses demonstrated that our fragment library consists of a diverse set of fragments with 
good physico-chemical properties (described in Chapter 4). In the past four years, this library 
has been screened on several drug targets, like GPCRs (histaminergic and adrenergic 
receptors), ion-channels (serotonin receptor) and enzymes (PDE4). In all cases, suitable 
fragment hits were identified allowing both hit optimization programs in chemistry and target 
characterization studies in pharmacology. To evaluate the constructed library it was 
interesting to combine and analyze this data.  

We concluded in Chapter 4 that our fragment library (and fragment library screening in 
general) is very well suited for chemogenomics studies. Chemogenomics is systematically 
studying the effect of a wide array of chemicals on a wide array of biological targets.9 The 
resulting two-dimensional matrix (Figure 2) of targets versus hit compounds is useful for the 
discovery of ligands for novel drug targets and to have better control over the selectivities of 
ligands and/or drugs. Furthermore, the matrix increases our understanding of ligand-receptor 
interactions. Of course, from a chemogenomics point of view a set of eight different targets is 
quite limited (Figure 2). But it is noted that currently this is one of the biggest fragment 
screening data set that has been described and analyzed in literature. We have set up protocols 
to readily analyze the data resulting from fragment library screening. So far, the fragment 
library performs adequately in terms of compatibility with respect to screening technologies 
and targets.  

Our data shows that useful cheminformatic information can be extracted from fragment 
library screening. The pockets are probed region by region, for fragments are not large enough 
to fill a whole binding site. As such, the information from fragment-based chemogenomics can 
be used complementary to chemogenomic studies that are based on drug-like molecules. In the 
coming years, it is to be expected that our fragment library will be screened on several 
additional protein targets. The analyses in Chapter 4 can be updated with this new data to see 
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if our current conclusions remain valid. So far, we have shown that approximately 50% of the 
fragment hits bind to more than one target, although no promiscuous ligands, which bind to 
all (or most) proteins studied, were found. On one hand, this reflects the relatively 
homologous set of targets studied (e.g. H3R/H4R and AChBP/5-HT3). The major part of the 
multi-activity fragment hits are relatively complex structures, indicating overlap in receptor 
pharmacophore features. On the other hand it illustrates a different aspect of FBDD, in that 
smaller compounds are more likely to bind to multiple biological targets.10 Subsequent 
fragment-based hit optimization studies should improve the selectivities. The non-selective 
fragments are not more hydrophobic than selective fragments, indicating that the binding of 
the fragment hits identified in our screening studies is not primarily driven by unspecific 
desolvation energy as observed in earlier studies.11-13 The data was also analyzed with respect 
to affinity and selectivity cliffs and switches for the different targets. 

Figure 2 | Heat map representation of the screening data of our fragment library on eight diverse protein 

targets. Moderate binders (60-80% displacement of the labeled ligand) are depicted in blue, strong 

binders (>80% displacement of the labeled ligand) in red. 

2. THE DEVELOPMENT OF NOVEL ACHBP FRAGMENT 

SCREENING METHODS  

Screening of the constructed fragment library needs screening methods that are sensitive 
enough to measure the binding of the typically low-affinity fragments. Many screening 
methods have been reported for fragments and can be divided in biochemical screening and 
biophysical screening. Biophysical screening methods like NMR, X-ray and SPR biosensors 
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have the advantage that often extra information is gained, e.g. binding modes (X-ray and 2D-
HSQC NMR)14 or binding behaviour (SPR15 and STD NMR16). However, these assays are 
resource-intensive and have to be optimized for each specific target, while often a biochemical 
assay is easy to set up. We intended to develop several screening methods and compare them 
with respect to their performance in primary fragment screening, hit exploration and hit 
characterization.   

In our project on AChBP and the nAChRs, a radioligand displacement assay (RBA) was 
available for two types of nAChRs, the 4 2 and 7 receptors, as well as for Ls- and Ac-
AChBP. However, for none of these assays the signal-to-noise ratio was good enough to enable 
single point fragment screening. By switching to scintillation proximity assay (SPA) beads for 
His-tagged AChBP, the assay window became excellent and the assay appeared to be very 
stable (the results of the fragment screening using this assay  are described in Chapter 4). 

A complementary second biochemical assay was developed (described in Chapter 7). A 
ligand, for which in literature fluorescence enhancement upon binding to AChBP was 
reported, was synthesized, together with designed analogues with optimized electronic 
properties to enlarge the fluorescence enhancement. An assay was developed with an excellent 
signal-to-noise ratio, which could be used in plate reader and online format. The online flow-
injection format is less prone to problems due to high concentrations of fragments.17 As a result 
of the flow-injection mode, insoluble compounds that are precipitated in the stock solutions 
are simply not injected, thus precipitation will not lead to false positive results. Disruption of 
the protein is less likely, for during each measurement of less than a minute, fresh protein is 
used. The only problem with the fluorescence enhancement assay is the interference of 
screening compounds, i.e. ligands with auto-fluorescence. At the high concentrations used for 
the fragment screening, approximately 3.5% of our library gave auto-fluorescence signals. 
However, this did not lead to false positives, since a high auto-fluorescent signal is recorded 
for these fragments. 

COMPARISON OF TWO PRIMARY SCREENS  

We decided to screen our fragment library on Ls-AChBP using both assays. It has been 
repeatedly stated that orthogonal screening leads to different and complementary results. In 
Figure 3 the results of both screens are compared and indeed only partly overlapping results 
were found. For the RBA results, hits with >80% displacement were classified as strong hits, 
weak hits were hits with 60-80% displacement. The hits found in the online assay were 
classified in three groups, based on their peak heights. Strong hits showed the maximal signal, 
weak hits the minimal signal (3-5 times the noise), intermediate signals were signed as 
medium hits.  



C H A P T E R  10                 

214 | PA G E 

 

There are several differences between the two assays that could give explanations for the 
observed variation between the hit sets. First of all, there is a concentration difference. The 
RBA screen was performed at 100 M fragment concentrations, while the concentration in the 
online fluorescence enhancement assay was approximately 50 M. This partly explains why 
more hits were found in the RBA screen.  

The second difference is the displacement ligand. Epibatidine is a smaller ligand, compared 
to DAHBA, but with higher affinity for Ls-AChBP (pKi = 9.27±0.01 vs pKi = 7.59±0.01 for 
DAHBA). Thirdly, the RBA assay is an equilibrium assay, while the fluorescence enhancement 
assay is used in a flow-injection format. Compounds with slow binding kinetics could thus be 
missed in the fluorescence enhancement screen. 

Other differences are the interference of autofluorescence of fragments in the online screen, 
which leads to false negatives (9 RBA hits gave autofluorescence signals in online screen); and 
precipitation, which can cause false positives in the RBA screen or false negatives in the online 
screen (3 RBA hits were (partly) precipitated in the stock solutions).  

Lastly, the hit ranking based on single injections in the online assay is clearly better than in 
the RBA screen.18 This is reflected in the fact that all strong hits and the major part of the 
medium hits found in the online assay overlap with RBA hits, while only 17% (3 of the 18) of 
the weak hits were also found in the RBA screen. For the RBA hits, 57% of the strong hits and 
44% of the weak hits overlap with online hits.  

 

 

 

 

 

 

 

 

 

Figure 3 | Diagram showing the complementarity of the obtained hit fragments using two biochemical 

screening methods.   
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SPR BIOSENSOR-BASED ASSAY 

Next to these two biochemical displacement assays, we aimed for a biophysical, label-free 
binding assay. SPR biosensors is a technique for analyzing time-resolved, direct binding of 
protein-ligand interactions. The first instrument was developed in 1991 and was primarily 
used to study protein-protein interactions. The SPR biosensors signals essentially correlate to 
differences in molecular weights and/or conformational changes of the immobilized proteins. 
The first instruments were not sensitive enough for measuring interactions of small molecules. 
As a result, the scientific world was very skeptical about measuring fragment-protein binding 
using SPR. We realized that it would be key to properly validate the assay that we established, 
to ensure that the screening of fragments of various sizes and affinities is enabled (Chapters 5 
and 6). Therefore a reference set of compounds was designed, covering a range of molecular 
weights from 150-400 Da as well as a range from low millimolar to nanomolar affinities. Using 
the last generation Biacore equipment (T100) and in collaboration with world-renowned SPR 
biosensor experts (Helena Danielson and Matthis Geitman)19-21, we were able to determine the 
KD values for all of these compounds. These KD values were compared with Ki values derived 
from a radioligand displacement assay. An excellent correlation was found (Chapter 6).22   

COMPARISON OF THE DEVELOPED SCREENING ASSAYS 

In Table 1, we compare the different screening assays that have been developed in this 
project. Three assays were established, one of them is used in two different modes. These 
assays are all suitable for fragment library screening, although the throughput of our Biacore 
T100 instrument is relatively low. Other Biacore instruments, like the A100 or 4000, are 
specialized for medium throughput screening. Fragment library screening using SPR 
biosensors also requires special resources and expertise, for example considering data analysis. 
We have used SPR biosensors for fragment characterization. For the screening of the fragment 
library, we used the fluorescence assay in a flow-injection mode (online format). From Table 1 
it is clear that protein consumption is high in the online assay, seven times higher compared to 
the same assay but used in platereader format. However, the online format is very accurate in 
fragment ranking based on a single concentration (Chapter 8), while the flow-injection mode 
makes this format less sensitive to problems associated with the high concentrations of 
fragments (like precipitation and protein disruption). 

The SPR biosensor technique has some major advantages for (fragment screening and) 
characterization of fragment hits. In a direct binding assay the results are not influenced by 
the characteristics of a displacement ligand, and orthosteric as well as allosteric interactions 
can be studied. A specific advantage for fragment screening is that the nature of fragment 
binding can be deduced from the sensorgrams, like aggregation behavior and poor solubility 
binding.23 The technique is time-resolved and kinetic data can be obtained. In addition, 
thermodynamic data can be generated.24 We have tried to obtain kinetic data for our 
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compounds. However, careful analysis of the obtained data, together with available literature 
data, led to the conclusion that the binding kinetics of nAChR and AChBP ligands are too fast 
to be measured with the instrument available at that time. Very recently, our Biacore 
instrument was upgraded (T100 to T200), to improve the sensitivity and enlarge the limits of 
measurable kon/koff values. In the near future we will evaluate if with this increased sensitivity 
our binding kinetics can be measured.  

Table 1 | Comparison of the established fragment screening methods.  

NA = not available; i based on flow rate of 70  L/min and 2.5 min injection intervals. iiApprox. 1 g allows 96 hrs 
measuring, ± 200 datapoints. 
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Fluorescent 
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cent 
label 
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assay, but 
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175 ng per 
data pointi 

NA NA Less prone 
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to flow-
injection 
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Biosensors 

Label-
free 
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e.g. DMSO 

 5 ng per 
data pointii 
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3. FRAGMENT GROWING  

One of the consequences of screening fragments is that the hits typically have low affinities. 
Therefore adapted optimization strategies are required. Ligand efficiency is an often used 
parameter to find the optimal starting fragment and to guide fragment growing. Just at the 
start of this project, a retrospective study on fragment growing was published by Abbott.25 The 
observation of  a linear relationship between molecular weight and binding affinity for the 18 
deconstructed lead compounds that were analyzed, led quickly to the ‘rule’ of keeping the 
ligand efficiency (LE) constant during fragment growth. 

LIGAND EFFICIENCIES DURING FRAGMENT GROWTH 

We investigated whether the deconstruction of known 7 nAChR ligands showed this same 
linear trend between molecular weights and binding energies. However, the obtained results 
(Chapter 7) indicated that certain parts of the deconstructed ligands contributed much more to 
the binding energy than other parts. We used this data to define certain areas in the binding 
cavity where more binding energy can be gained with respect to other areas. Ligand- and 
group-efficiencies were calculated for the deconstructed ligands and projected at the protein 
surface. A clear hot spot area was found in the area were also nicotine and the endogenous 
ligand acetylcholine bind in the co-crystal structures with AChBP.26 

Fragment growing outside the hot spot area is expected to lower the LE significantly. This is 
confirmed in the fragment growing effort described in Chapter 9. Optimization of the 
fragment within the LE hot spot led to improvement of the LE, while growing outside the hot 
spot yielded lower LE values. The existence and size of such a hot spot differs per protein 
target, we have shown that a deconstruction study of known ligands is a very suitable tool to 
investigate this. Benchmarking the expectations with regards to maximal LEs in different 
regions in the binding pocket is important, for these LEs are excellent guidelines for optimal 
fragment growing. These studies assume that the binding mode of the deconstructed ligands 
(or the grown fragments) stay the same. This is a necessary simplification. Another liability in 
this study is the fact that the compounds have been optimized for 7 receptors and not for 
AChBP, although a comparable trend in LE values was obtained for the 7 receptor. Despite 
these issues, we believe the methods developed are useful and applicable to other drug targets. 
The use is also illustrated by the successful hit optimization study described in this thesis.  

FRAGMENT HIT EXPLORATION  

The first steps in fragment growing, from (low) millimolar affinities to optimized fragments 
with micromolar affinities, are generally regarded as challenging. The small fragments often 
have only a few interaction points. In docking experiments, multiple equally-scored binding 
modes are obtained.27-29 Even crystal structures are difficult to interpret, because the fragment 
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fits in different ways in the electron density. It is therefore useful to first explore the chemical 
space around fragment hits, to obtain optimized fragments for which either X-ray structures or 
docking modes can be obtained. The ‘SAR-by-catalogue’ strategy is an often used approach 
following fragment hit identification. We developed two novel hit exploration methods.  

Using the online fluorescence enhancement assay, focused combinatorial libraries were 
constructed to increase the affinity of a fragment 100 times (Chapter 8). These libraries were 
synthesized at 96-well scale, and the ligands were ranked according to single point 
measurements. We have proven that the online assay setup is very reproducible and gives 
accurate estimations of the binding affinities. Fragment hit exploration using combinatorial 
libraries is very time-efficient. The resulting low micromolar ligands are likely to have more 
interaction points with the protein, which makes the prediction of docking modes easier. 
These ligands can be subsequently optimized using structure-based design. One of the first 
steps could be to replace the reversible and instable hydrazine and hydroxyl amine linkers that 
were used in the combinatorial libraries by e.g. heteroaromatic ring systems, to create more 
drug-like compounds. 

The other approach we followed uses the ligand efficiency hot spot surface (described in 
Chapter 7) as a guide in fragment growing. The hot spot mapping can be used to prioritize hit 
fragments, but also to deduce fragment binding modes. We used the LE hot spot surface to 
filter the proposed binding modes for one of our hit fragments (Chapter 9). The fragment was 
expanded and varied in silico and subsequently docked again. In this way, we constrained the 
fragment in the hot spot area. With the obtained model, several growing vectors were defined. 
As a result, the fragment could be optimized in a very efficient manner to give a high 
nanomolar ligand for AChBP.  
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ACHBP AS A MODEL FOR NACHRS  

We performed our fragment-based studies on the acetylcholine binding protein (AChBP), 
an exceptionally stable and water-soluble protein. AChBP is used as a widely accepted 
structural model protein for the extracellular, ligand-binding domain of the nicotinic 
acetylcholine receptors (nAChRs).30 AChBP was found in 2001 in water snails.31, 32 The soluble 
protein forms a stable homopentamer, and interacts with important nAChR ligands like 
acetylcholine, nicotine and epibatidine. Since no detailed structural information is available 
for the membrane-bound ion channels, the high resolution co-crystal structures of nAChR 
ligands with AChBP were received with enthusiasm. These structures had the potential to 
enable virtual screening, structure-based design and the construction of models for the 
different nAChR subtypes.33 Additionally, the stable, water-soluble protein allowed the 
development of robust fragment screening assays and immobilization at SPR Biosensor chips. 
In 2006, only a few ligands had been evaluated for affinity on both nACh receptors and 
AChBP. Therefore the question if fragment screening and exploration efforts using AChBP 
could be translated to the human receptors was yet unanswered. During this project, various 
groups of compounds have been evaluated on both AChBP and nAChRs, mostly on the 7 
receptor, the closest analogue of AChBP.  

In Chapter 6, known ligands for the 7 nAChR were deconstructed to form a reference set 
of ligands covering a range of molecular weights. The binding affinities of these ligands were 
evaluated on two types of AChBP (Ls and Ac) and the 7 nAChR. Correlation plots between 
Ls-AChBP and 7 nAChR as well as Ac-AChBP and 7 nAChR are presented in Chapter 6. 
The correlation between Ls-AChBP and 7 nAChR was only moderate (R2=0.64), while the 
correlation between Ac-AChBP and 7 nAChR was even worse (R2=0.41). However, these 
correlations are better than the correlations we found, when novel fragment hits were tested 
on AChBP species and nAChRs. Chapter 8 describes the screening of our fragment library on 
Ls- and Ac-AChBP using the fluorescence enhancement assay in an online setting. A subset of 
the obtained hits (10 of the 81 hits) was evaluated on Ls- and Ac-AChBP and on the 4 2 and 

7 nACh receptors. Only one of the hits showed affinity for the 4 2 nAChR. Six of the hits 
showed affinity for the 7 nAChR. However, absolutely no correlation was found between the 
affinities of these hits for Ls- or Ac-AChBP and the 7 nAChR (Figure 4A and B). In Chapter 
9, a fragment growing effort on Ls-AChBP was described. Chapter 9 focuses solely on 
improving the interactions with Ls-AChBP, but to study the correlation between Ls-AChBP 
and the 7 receptor during fragment growing, the hit fragment and a selection of ligands at 
different stages of the fragment optimization process were evaluated also on the 7 nACh 
receptor. Again the correlation of these values with affinities for Ls-AChBP was evaluated 
(Figure 4C), but no correlation was found.  
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 A  B  

 C  

Figure 4 | Correlation plots of affinity data for Ls- and Ac-AChBP vs 7 nAChR. The inactives are set at 

pKi = 3. 

In order to look in more detail, in Table 2 the structures and affinities of these fragments at 
different optimization stages are shown, with their LEs. The first hit resulting from the 
fragment screening (11) had a very low affinity for the 7 receptor. The in house close analogue 
(22) had a 10 times higher affinity, an equal increase as for Ls-AChBP. The pKi of the analogue 
(33) found at Abbott (Weesp), dropped below 4. Upon removal of the 2-chlorobenzyl moiety to 
give scaffold 225, affinities became equal for Ls-AChBP and 7 nAChR, although the millimolar 
affinities are around the assay limit. One of the synthesized analogues, with the 3-pyridinyl 
moiety (77), had an LE of 0.37 kcal/mol/HA, comparable with hit fragment 22. Completely 
different substituents (110 and 111) gave low affinities.  
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Table 2 | Pharmacological evaluation of fragment hits and key compounds of the optimization effort at 

the 7 nAChR, compared with affinities and ligand efficiencies for Ls-AChBP.  

Code Structure pKi Ls LE 
[kcal/mol/HA] 

pKi 7 LE 
[kcal/mol/HA] 

1 
 

5.00 ± 0.02 0.40 3.77 ± 0.07 0.30 

2 
 

6.50 ± 0.01 0.53 4.79 ± 0.07 0.39 

3 
 

6.60 ± 0.01 0.53 3.95 ± 0.332 0.32 

4 

 

7.22 ± 0.06 0.55 3.78 ± 0.122 0.29 

5 
 

6.47 ± 0.08 0.49 4.32 ± 0.182 0.33 

7 
 

5.54 ± 0.10 0.48 4.32 ± 0.221 0.37 

10 
 

6.91 ± 0.53 0.53 4.13 ± 0.032 0.32 

11 
 

4.93 ± 0.40 0.38 4.03 ± 0.052 0.31 

25 
 

3.11 ± 0.33 0.47 2.94 ± 0.012 0.45 

1Bottom sigmoidal curves constrained with nicotine value; 2Highest concentration gave less than 50% displacement. 

It should be noted that upon the introduction of the 2-substituted moiety to core structure 
25, the ligand efficiency had increased for Ls-AChBP. But, for the 7 receptor apparently the 
optimal growing direction was not yet found. Table 2 and Figure 4 illustrate that AChBP 
cannot be used as a template for fragment-based design of ligands for the 7 nAChR. Because 
no correlation was found between the two receptors, all synthesized compounds should be 
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evaluated at the 7 nAChR to be able to find the right growing directions. Next to this, 
structure-based design using Ls-AChBP apparently will not lead to ligands with improved 
affinity for the 7 receptor. Efforts to create AChBP mutants that better mimic LGICs are 
currently ongoing (in the labs of Prof. A.B. Smit at VU University Amsterdam). 

                                                                      

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 | Ligand-based rational design to gain affinity for the 7 receptor. (A) PNU282987, fragment 225 

and a flexible alignment of both ligands, represented in ball-and-stick. (B) 2D-structures of PNU282987, 

fragment 225 and the nine compounds with 7 specific substituents attached to core fragment 225. 

Since there is considerable ligand information available from literature, we decided to start a 
ligand-based attempt based on fragment 225 and grow this fragment into an 7 receptor ligand. 
Unfortunately, the 7 data was obtained in a very late stage. Therefore only a single attempt 
was performed. The basic nitrogen atom of 225 was overlayed with the basic quinuclidine 

PNU282987 225 PNU282987/225 

B 

A 

O

N S
HN

O

O

N S
HN

Cl
O

N S
HN

O

N S
HN

N

S

O

N S
HN

N

O

N S
HNN

O

N S

HN

O

12 13 14

15 16 17

18 19 20

O

N S
HNHN N

O

N S
HNHN N

N

H
N

O

Cl

HN S

25 PNU282987



G E N E R A L  D I S C U S S I O N  A N D  F U T U R E  P E R S P E C T I V E S  

223 | PA G E 

 

nitrogen atom of e.g. 7 selective PNU28298734 (Figure 4). The substituents at the quinuclidine 
nitrogen atom of PNU282987 and other literature quinuclidine amides35 were introduced at 
the tetrahydropyridine nitrogen of 225. The affinity for the 7 receptor of these resulting nine 
compounds (112-220, Figure 4) was evaluated at two concentrations, 10 and 100 M. However, 
none of them showed any displacement of the radioligand. There are several possible reasons 
for the failure of this single attempt. The linker length is probably not optimal; the orientation 
of the two important pharmacophoric elements – the cationic nitrogen atom and the amide – 
might be suboptimal. A range of different linkers, linker lengths and substituents should be 
evaluated in order to find the optimal growing direction for the 7 receptor. The lower 
basicity of the tetrahydrothieno moiety, with respect to the currently known 7 ligands, 
makes this scaffold interesting, since a higher lipophilicity improves ligand penetration 
through the blood-brain barrier.   
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FUTURE PERSPECTIVES  

This thesis presents a developed set of tools for fragment-based drug discovery. Novel 
screening assays have been established. For fragment optimization, two methods were 
developed for fragment growing without X-ray structures. AChBP appeared to be an excellent 
protein for these proof-of-concept studies. It is a remarkably stable protein and can readily be 
crystallized or used in biophysical screening. AChBP is a widely accepted structural model 
protein for the nAChRs. However, despite the high homology between the binding pockets of 
AChBP and the 7 receptor, affinities of ligands do not correlate. Fragment screening on 
AChBP could be used to preselect fragments and examine the smaller set on the 7 receptor. 
Such a preselection procedure however has the risk of missing good 7 fragments.  

Alternatively, FBDD approaches could be applied on the 7 receptor, as is now explored on 
another member of the LGIC receptor family, the serotonin 5-HT3 receptor.36 Although some 
advantages are lost, e.g. the opportunity of X-ray analyses and immobilization for SPR 
biosensor screening due to lower protein stability and water solubility, the same efficient hit 
finding and optimization can be realized. 

A third strategy would be to obtain a better water-soluble model protein, either based on 
AChBP, or on the extracellular part of the 7 receptor. Our group, in collaboration with 
professor A.B. Smit from the neurobiology group at the VU University and professor T. Sixma 
from the NKI, are designing and making mutations in AChBP to increase its 7 receptor 
likeness. Another approach is to express the extracellular domain of 7 receptor. It is possible 
to express this ligand-binding domain, but this domain is not water-soluble. Point mutations to 
exchange hydrophobic amino acids for AChBP counter residues could improve the solubility. 
A few attempts have been published.37, 38 Also our collaborators at the NKI are working on the 
expression of the extracellular, water-soluble 7 binding domain. When this protein becomes 
available in large enough quantities, the tools that are described in this thesis allow a very 
rapid start of highly efficient FBDD projects.  
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