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1. Introduction 

Identification of a viable lead is a critical step in drug 
discovery. The qualities of the lead set the stage for 
subsequent efforts to ameliorate therapeutic efficacy 
through potency, selectivity, pharmacokinetics, toxicity 
and side effects. In a retrospective view of drug research 
the lead identification has been realised mainly by in vivo 
methodologies. However, limitations of in vivo models 
were found to be critical factors when analysing attrition 
rates that prompted research groups to introduce in vitro 
tests and rational approaches at the frontline of discovery 
programs. Virtual screening (VS) methods merge in vitro 
high-throughput (HTS) and rational approaches. 
The VS methods can be classified as ligand and structure 
based techniques. Structure based approaches depart 
from the structural information of the target to identify 
potential interactions between the ligands and the 
protein. 
The advantages and disadvantages and the applicability 
of the structure based virtual screening approaches 
constituted the main aim of my studies. The glycogen 
synthase kinase 3β (GSK-3β), the β-secretase and the c-
jun N-terminal kinase 3 (JNK3) were selected as primary 
targets for virtual screening. The performance of virtual 
screens can only be validated in parallel with HTS, 
therefore a head to head comparative analysis was my 
next goal. Through theses studies I demonstrate the 
effectiveness of the Flex* approach. 
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2. Methods 

X-ray structures of GSK-3β, β-secretase and JNK-3 were 
analysed. X-ray structures for virtual screening were 
selected based on the resolution and the quality of the 3D 
structures. 
VS investigations were performed by the FlexX Suite 
module (FlexX, FlexX-Pharm, FlexE) of the SYBYL 
program package. 
The screening database consisted of a diverse subset of 
active (Prous Integrity database) and inactive compounds 
(World Drug Index). The screening database contained 
~0,5% active molecules that was designated to mimic a 
real screening situation. 

3. Results 

3.1. Virtual screening for β-secretase inhibitors 

The structural analysis of β-secretase pointed out that a 
flexible chain (FLAP) over the active site undergoes 
significant conformational changes upon ligand binding 
(Figure 1). Therefore our virtual screening experiments 
involved 1SGZ (apo) and 1FKN (ligand-bound) X-ray 
structures representing the open and the closed 
conformation, respectively. 
Previous studies on protonation states of the catalytic 
residues (Asp32, Asp228) in β-secretase generated 
ambiguous results. Since none of the investigations 
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considers the influence of pH and the effect of other 
titratable residues, the reliability of these approaches 
might be questioned. Since apparent pKa values have not 
been published, we calculated pKa dissociation constants 
of all titratable residues. For virtual screening studies 
1FKN protonated at pH 7.4 and 1SGZ protonated at 
pH 6.5 were used. In both cases only Asp32 was found to 
be protonated.  

Figure. 1. Comparison of residues 68-74 (FLAP). 

Virtual screening studies for 1FKN, 1SGZ X-ray 
structures with Asp32 protonated and deprotonated using 
FlexX, FlexX-Pharm were performed. 
In the 1% of the ranked database (100 molecules) 42% of 
the active compounds (21 inhibitor) were identified by 
FlexX-Pharm with Asp32 protonated. Hereby an 
effective virtual screening protocol was developed. The 
impact of the correct protonation states and the 
pharmacophore models on VS performance was also 
demonstrated. 

FLAP
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3.2. Comparative virtual and experimental high-

throughput screening for GSK-3β inhibitors 

Comparison of the X-ray structures revealed that the 
folds of both the apo enzyme and its ligand-bound form 
are very similar. Significant conformational changes 
occur only in Gln185 side-chains (Figure 2). Since the 
conformation of the active site has significant impact on 
the enrichment, one representative from each 
conformational class (1UV5, 1Q3D, 1Q4L) was selected 
for virtual screening.  

Figure 2. Active sites of six X-ray structures: 1Q3W 
blue; 1PYX green; 1UV5 magenta; 1Q41 red; 1Q3D 

violet; 1Q4L yellow. Conserved water molecules are also 
assigned (HOH). 

A virtual screening protocol developed for identifying 
GSK-3β inhibitors was then applied for screening 16299 
molecules, a diverse subset of our corporate database. 
High-throughput screening involved testing the same 
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16299 molecules. The results of the two approaches were 
then compared. 
Comparative evaluation of the screening results involved 
the next criteria: (1) enrichment factors, (2) false 
positives and negatives, (3) clusters of identified actives 
compounds. 
Enrichment plots (Figure 3) show that VS is more 
effective than HTS or random screening in the top ~5% 
of the ranked database, but in contrast with HTS the VS 
was not able to identify all the active compounds. 
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Figure 3. Enrichment plot of virtual and high-throughput 
screening. 

The analysis of the false negative hits confirmed that 
pharmacophore constraints and scoring functions are 
responsible for them. The best VS protocol identified 21 
from the 90 validated active compounds (Figure 4). 
90 validated HTS hits formed six clusters, from which 
VS identified four clusters. 
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Our investigations demonstrated that VS is more 
effective than HTS in the top of the ranked database. 
Thus VS becomes a cost- and time-effective method 
regarding only the top of the ranked molecules, which is 
compensated for its high false positive and negative hit 
rates. 
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Figure 4. Inhibition% vs. FlexX scores. Red circle: true 
+/- hits, green circle: false +/- hits. 

3.3. Ensemble docking into flexible active sites 

The comparative analysis of JNK-3 X-ray structures 
revealed that the conformation of a Gly-rich loop (71-78) 
adopts a significantly different conformation in 1PMU 
(Figure 5). 
Virtual screens were performed for all the available 
(five) X-ray structures using FlexX, FlexX-Pharm and 
FlexE. 
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VS studies for 1PMU using FlexX and FlexX-Pharm 
outperformed the others that can be explained by the 
different conformation of the Gly-rich loop within the 
active site. 
Using the FlexE algorithm various side-chain 
conformations can be handled simultaneously which 
allows to consider the protein flexibility to some extent. 
The performance of the FlexE was comparable to that of 
FlexX. 
Our efforts to involve the protein flexibility by 
combining side-chain conformers (FlexE) have not been 
crowded with success because only a combination of the 
FlexX results was given. 

Figure 5. Ribbon representation of the active site of JNK-
3. 1JNK: yellow, 1PMN, blue, 1PMQ: green, 1PMU: red 

and 1PMV magenta. 1PMU adopts a different 
conformation in residues 71-78 (Gly rich loop). 

Gly-rich loop
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4. Applicability of virtual screening 

Virtual screening protocols were developed to provide a 
cost-effective alternative to HTS. Virtual screens now 
constitute a rather routine task in the discovery programs 
of Gedeon Richter Ltd. 
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