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Answer Important Questions

Selection - Hit ID 
• Which molecule(s) to chose for biological assessment ? 

Design - Lead Optimization 
• How to modify molecules for optimizing properties ?

  Optimize selectivity towards excluding false positives

  Optimize a structure towards multiple key parameters
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“A pharmacophore is the ensemble of steric and electronic 
features that is necessary to ensure the optimal supra-
molecular interactions with a specific biological target and to 
trigger (or block) its biological response.”    

   

C.-G. Wermuth et al., Pure Appl. Chem. 1998, 70: 1129-1143

The Pharmacophore Concept
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Feature-based Pharmacophores
    Totality of universal chemical features that represent a defined 

binding mode of a ligand to a bio-molecular target  

    Features: Electrostatic interactions, H-bonding, aromatic inter-
actions, hydrophobic regions, coordination to metal ions ... 
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Pharmacophore Screening ...

[Mangold 2006]   Martina Mangold. Human Rhinovirus Coat Protein Inhibitors - A Pharmacophore Modeling Approach.  
     Master’s thesis at the University of Innsbruck (2006) 

Catalyst/DS

51 vHits 73 vHits
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Pharmacophore Screening ...

[Mangold 2006]   Martina Mangold. Human Rhinovirus Coat Protein Inhibitors - A Pharmacophore Modeling Approach.  
     Master’s thesis at the University of Innsbruck (2006) 

Catalyst/DS

78 vHits 48 vHits

168 vHits
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There Is A Problem ...

• “Old” 3D pharmacophore methods suffer  
 from severe limitations

–  different tools return inconsistent results 

–  alignment by graph matching  ---->  slow

–  low number of features  ---->  inaccurate

What is the solution ?
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Pattern Recognition
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... Breaking the Code

• Why Yuor Barin Can Raed Tihs

http://www.livescience.com/18392-reading-jumbled-words.html

http://www.livescience.com/18392-reading-jumbled-words.html
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... Breaking the Code

• It deson’t mttaer in waht oredr the ltteers in a 
wrod aepapr, the olny iprmoatnt tihng is taht the 
frist and lsat ltteer are in the rghit pcale. The rset 
can be a toatl mses and you can sitll raed it 
wouthit pobelrm.

http://www.livescience.com/18392-reading-jumbled-words.html

http://www.livescience.com/18392-reading-jumbled-words.html
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... Breaking the Code

• S1M1L4RLY,  Y0UR  M1ND  15  R34D1NG  
7H15 4U70M471C4LLY  W17H0U7  3V3N  
7H1NK1NG  4B0U7   17

http://www.livescience.com/18392-reading-jumbled-words.html

http://www.livescience.com/18392-reading-jumbled-words.html
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Distance Characteristics
Result: Best matching pairs for each feature
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Final step: 3D rotation using Kabsch algorithm

Distance Characteristics
Result: Best matching pairs for each feature
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LigandScout Prototype 2003

Gerhard Wolber 
University of Innsbruck



T. Langer, 2019-01-23

LigandScout Prototype 2003

Gerhard Wolber 
University of Innsbruck
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LigandScout Evolution 

• Automated structure-based pharmacophores 

• Alignment algorithm development 

• Ligand-based pharmacophore generation & clustering 

• Virtual screening 

• Software code refactoring 

• Implementation of dynamic relational databases 

• Including docking algorithms & rescoring technology 

• Creation of Inte:Ligand KNIME Extension Nodes 

• Pharmacophore-based analysis of MD trajectories   
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LigandScout 4.4 Expert
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LigandScout Scientific Articles
• More than 1700 papers* 

– structure-based modeling 

– ligand-based modeling 

– virtual screening 

• Hit identification 

• Fragment-based design 
• Lead structure optimization 

• Protein-Protein Interactions 
• Drug repurposing 

• Profiling (side-effects)
* scholar.google.com, Jan 2019

http://scholar.google.com


T. Langer, 2019-01-23

A Few Recent Success Stories (1)
• First dual inhibitor of the 5-lipoxygenase-activating protein and 

soluble epoxide hydrolase by pharmacophore-based VS

Temml, V. et al., Nature Sci. Rep., 7, 42751; doi: 10.1038/srep42751 (2017) 

 FLAP (IC50 = 200 nM)                                    sEH (IC50 = 20 nM)                      
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A Few Recent Success Stories (2)

Liu, J., et al., Nature Sci. Rep. 6,  (2016); doi :10.1038/srep34600

• Active compound binds 
to pheromone binding 
proteins (PBPs) to 
modulate the behavior 
of Cydia pomonella  

• Avoid damage to  
fruit production 

• First use of 
pharmacophore 
modeling for discovery 
of semiochemicals 
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A Few Recent Success Stories (3)

Lagarde, N. et al., J Cheminform (2016). DOI 10.1186/s13321-016-0154-2

• Discriminating agonists and 
antagonist ligands of the nuclear 
receptors using 3D-pharmacophores
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An Interesting Article To Read ...

Karaboga et al.,  
J. Chem. Inf. Model. 53  

 1043−1056 (2013)
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LigandScout for VS

Pharmacophore from PDB entry 3OE6

Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043−1056
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Virtual Screening Performance

Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043−1056
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Virtual Screening Performance

Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043−1056
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The Conclusions

• Overall, the total area under de curve of the ROC plot and 
the early recovery results of the present pharmacophore 
model show that it is a highly specific and sensitive 
screening filter, which makes it very appropriate for 
identifying CXCR4 antagonists. 

• Moreover, the scaffold retrieval analysis shows that  
the pharmacophore model is able to retrieve a diverse 
scaffold pool.

Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043−1056
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Fragment-based Drug Design
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Pharmacophores for FBDD
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Pharmacophores for FBDD
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Pharmacophores for FBDD
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In Silico FBDD Strategy 

• Use set of smart, recombinable fragments 

• Perform pharmacophore-based screening 

• Recombine fragments in silico 

• Synthesize the highest ranked solutions 
– IP situation 

– Fit for the target 

– Chemical tractability 

– Physicochemical properties
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Real Life - The Numbers

• PPI target with known 3D structure (x-ray) 

• Pharmacophore derived in direct approach 

• Chemistry based fragment library design: 274 -> 837 -> 582 

• Virtual combination of 2 fragments: 91k compounds 

• LigandScout virtual screening delivered a reasonably  
small number of hits: 0.005% range 

• Synthesis and biological testing: Novel IP, low µM hits
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Real Life - Timelines
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First Summary

• Universal and rapid method for accurate feature-based  
3D-pharmacophore model generation now available

• Highly selective models will retrieve low number of 
false positives 

• High enrichment factor will be obtained

• Where and how to apply such models in the drug 
discovery pipeline ?

• What are the next steps to integrate ?
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Statics & Dynamics
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Molecular Dynamics
• MD approaches have gained substantial interest 

in early drug discovery due to parallel computing 
hardware options* 

• Interpretation of MD trajectories still cumbersome 

• Pharmacophores are a perfect solution

* J. Mortier et al., Drug Discov Today. 2015. 20(6):686-702. doi: 10.1016
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Molecular Dynamics
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MD and Pharmacophores

• Analysing molecular dynamics trajectories 
• Finding relevant pharmacophore models 

• Defining ways to calculate similarities 
• Sampling and identification of rare (but important) 

events 
• Using pharmacophores as a way to abstract ligand-

protein interactions in MD trajectories
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M0del POC Study

• Data set: 40 Protein ligand complexes selected from PDB / DUD-E 
– single ligand, no metal ions involved in binding interaction, < 200k atoms 

• MD Simulation: 10 x 20 ns, CHARMM, TIP3P water 
–  1 fs time steps, coordinate saved every 10 ps 

• Pharmacophore generation & virtual screening analysis 
– 10 x 2.000 coordinate sets + 10 x 1 PDB structures = 20.010 P4 Models 

– Pharmacophore vector for feature frequency analysis 

– Parallel virtual screening with all models 

– Post screening processing for ranking the hits

Wieder M. et al., J. Chem. Inf. Model., 57, 365-385 (2017)



T. Langer, 2019-01-23

M0del POC Study

• Data set: 40 Protein ligand complexes selected from PDB / DUD-E 
– single ligand, no metal ions involved in binding interaction, < 200k atoms 

• MD Simulation: 10 x 20 ns, CHARMM, TIP3P water 
–  1 fs time steps, coordinate saved every 10 ps 

• Pharmacophore generation & virtual screening analysis 
– 10 x 2.000 coordinate sets + 10 x 1 PDB structures = 20.010 P4 Models 

– Pharmacophore vector for feature frequency analysis 

– Parallel virtual screening with all models 

– Post screening processing for ranking the hits

Wieder M. et al., J. Chem. Inf. Model., 57, 365-385 (2017)



T. Langer, 2019-01-23

Sampling Pharmacophore Models

PDB ID 2I78: MD pharmacophore features, appearance in % of total frames

Wieder M. et al., J. Chem. Inf. Model., 57, 365-385 (2017)



T. Langer, 2019-01-23

P4 Vector MD Analysis
AR2 AR1 H1 H5 H6 H4 H3 H2 HBA1 HBA9 HBA8 HBA6 HBA7 HBA5 HBA4 HBA3 HBA2 HBD1 PI1 #p4 %	5
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 1818 9,1%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 826 4,1%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 1 805 4,0%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 683 3,4%
0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 455 2,3%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 451 2,3%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 1 424 2,1%
0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 384 1,9%
0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 0 363 1,8%
0 0 0 1 0 0 1 1 0 1 1 0 0 0 0 0 0 0 0 353 1,8%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 1 1 332 1,7%
0 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 1 0 1 325 1,6%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 1 0 1 259 1,3%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 0 0 0 0 236 1,2%
0 0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 1 0 217 1,1%
0 0 0 1 0 0 1 1 0 0 1 0 0 0 0 0 0 0 0 205 1,0%
0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 0 1 1 180 0,9%
1 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 0 0 1 176 0,9%
0 0 0 0 0 0 1 1 0 0 0 1 0 0 0 0 0 0 1 169 0,8%

0 0 0 0 0 0 1 1 0 0 0 0 0 1 0 0 0 1 1 45 0,2%
0 0 0 0 0 0 1 1 0 0 0 0 1 0 0 0 0 1 1 44 0,2%
0 0 0 1 0 0 1 1 0 0 0 0 0 0 1 0 0 1 1 43 0,2%
0 0 0 1 0 1 1 1 0 0 0 0 0 0 0 0 1 0 0 43 0,2%
0 0 0 1 0 1 1 1 0 1 1 0 0 0 0 0 1 0 0 41 0,2%
0 0 0 1 0 0 1 1 0 1 1 0 0 0 0 0 1 0 1 40 0,2%
0 0 0 1 0 0 1 1 0 0 1 0 0 0 1 0 0 0 1 40 0,2%
0 0 0 1 0 1 1 1 0 0 1 0 0 0 0 0 0 0 0 37 0,2%
0 0 0 1 0 1 1 1 0 1 1 0 0 0 0 0 0 0 0 37 0,2%
0 0 0 0 0 1 1 1 0 0 0 0 0 0 0 0 1 1 1 36 0,2%

MD	pharmacophore	feature PDB	pharmacophore	feature PDB	ini?al	pharmacophore

********************************************
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Sampling Pharmacophore Models
• Out of a total of 260k possibilities, 50 - 400 combinations exist  

• Many features are not present in the initial PDB-derived 
pharmacophore model 

• Initial PDB model does not have the highest frequency 

• Frequency does not seem to have an impact on quality of 
screening result

How to use all this information ?
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Post-screening Process
• Underlying Principle 

– A true active molecule should have a higher chance to fit more 
than one model than a false positive one 

– A higher enrichment should be obtained when using a 
consensus fit approach 

• Application: “Common Hits Approach (CHA)” 
– First, all hits from all models are considered 

– Then, the hits are ranked by the number models they fit 
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VS Results Example: AUC (2i78)

ROC - AUC

CHA
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How Diverse Are The Hits ?

10Introduction ResultsMethodology

Dendrogram: Ward Clustering

12Introduction ResultsMethodology

Self Organizing Map

Two-dimensional representationUnidimensional representation

Garon, A. et al., manuscript in preparation
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Hit Structure Diversity Analysis

13Introduction ResultsMethodology

Self Organizing Map

Unidimensional representation Two-dimensional representation

Garon, A. et al., manuscript in preparation
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Hit Structure Diversity Analysis

17Introduction

2I78 system

ResultsMethodology

Initial Ligand

CHA retrieved 
active

PDB retrieved 
active

0,1% of the database
0.1 % of database screened

Garon, A. et al., manuscript in preparation
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Hit Structure Diversity Analysis

18Introduction ResultsMethodology

2I78 system

Initial Ligand

CHA retrieved 
active

PDB retrieved 
active

0,5% of the database
0.5 % of database screened

Garon, A. et al., manuscript in preparation
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Hit Structure Diversity Analysis

1 % of database screened 19Introduction ResultsMethodology

2I78 system

Initial Ligand

CHA retrieved 
active

PDB retrieved 
active

1% of the database

Garon, A. et al., manuscript in preparation
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Hit Structure Diversity Analysis

20Introduction ResultsMethodology

2I78 system

Initial Ligand

CHA retrieved 
active

PDB retrieved 
active

5% of the database

5 % of database screened
Garon, A. et al., manuscript in preparation
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Enrichment & AUC
Global Results

Last meeting Introduction ResultsMethodology Further work 18Results

Individual results on all systems
0.1%

0.5%
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Protease

Other enzymeGlobal Results
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Hit Structure Diversity Analysis
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Garon, A. et al., manuscript in preparation
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MD in Optimization Strategy
• A growing number of MD trajectories is available, however it is 

difficult to interpret them for design guidance 

• Need for easy understandable interaction schemes 

• Focus on specific regions 
–  e.g. looking for water mediated ligand-protein interactions  

• Pharmacophore feature frequency analysis  
–  for prioritising replacement of molecular substructures 

First Steps
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Current Implementation
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MD Trajectory Analysis



T. Langer, 2019-01-23

Find Models With Specific Feature
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Find Models With Specific Feature
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Further Steps in the Procedure
• Create for each frame a grid within the binding site  

• Perform grid calculations  
–  Buriedness and drugability threshold 

–  Interaction probabilities for each grid point 

• Align the grids 

• Visualize and analyse  
–  Look for emerging binding pockets 

–  Hot spots for interactions 

–  Water
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Visual Analysis

‘unhappy’  
water  

molecules

‘happy’  
water  

molecules

Schütz, D., PhD Thesis, Vienna University
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Use in Lead Optimization 
• Easy understandable design guidance provided 

• Focus on specific regions 
–  e.g. replacing ‘unhappy’ water molecules with small hydrophobic 

substituent (“magic methyl positioning”) 

• Pharmacophore hotspot feature frequency analysis  
–  for prioritizing replacement/modifications of molecular substructures 

–  providing interaction preference guidance  

–  easily adaptable for automatization for de novo design
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Example: Modafinil Analogs

these proposed binding poses are an important addition to the
already established interaction patterns.12

The interaction maps, shown in Figure 5, for both simulated
compounds reveal that the sulfoxide group is not involved in
any interaction with the protein binding site, but interactions
are governed by hydrophobic contacts and π−π and π−cation
interactions.
Most prominently for 7d, hydrophobic contacts to Phe326

and Phe76 as well as Tyr156 are shown. Hydrogen bond
interactions with Ala480, Arg85, and Asp476 occur also
throughout the simulation. In addition to the hydrophobic
contact, Arg85 has a stable π−cation interaction with 7d.
The interaction pattern for 11b shows hydrophobic

interactions between Phe326, Phe76, Phe320, Arg85, and
Tyr156. There are no hydrogen bond interactions present
during the simulation other than hydrophobic interactions
there are weak aromatic interactions and a π−cation interaction
between Arg85 and 11b. Both compounds have similar
hydrophobic interaction partners (Phe326, Phe76, Tyr156)
and π−cation interactions with Arg85.
Comparing the interaction pattern to R- and S-modafinil as

described by Loland et al.,8 some similarities and differences are
striking. The reported interaction of the amide moiety of S- and

R-modafinil with Phe76 is also present during the MD
simulations for 7d and 11b, but the interaction with Ser321
is not observed. The reported interaction between R-modafinil
and Tyr156 could be observed for 11b but not for 7d. These
dissimilarities are most likely a result of the different methods
used. Loland et al. utilized induced-fit docking and obtained the
interactions based on the docked pose, while herein MD
simulation and analysis of the interactions during the
simulation were carried out.

Neurotoxicity of Compound 11b. To evaluate basic
neurotoxicity, the open field, elevated plus maze, rota rod
studies, and the forced swim test were carried out. Young male
rats, age 10−12 week,s were divided in two groups: 10
compound 11b treated (treated group) and 10 DMSO-treated
animals (control group). Rats were handled during 3 days
before beginning of the experiment. Ten mg/kg body weight of
11b was administered by intraperitoneal injection 30 min
before each behavioral test.
As shown in Figure 6, there were no significant differences

between treated and untreated animals for the parameter’s total
distance traveled, resting time, local and large movements,
average velocity, number of crossings of the center, frequency
of spontaneous changes of direction, and time spent at the

Figure 4. For compound 7d and 11b the highest scored docking pose (A) and the final pose after the MD simulation (B) is shown. The labeled
amino acids are shown explicitly on the protein backbone. The ligands move during the MD simulations from their initial position (A) to their final
position (B), however, they were found not to leave the dopamine binding site. The homology model was based on the crystallized Drosophila DAT,
deposited in the Protein Data Bank with the PDB-ID 4M48.

Journal of Medicinal Chemistry Article
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margin. Analogue results were obtained in the elevated plus
maze test, where no significant differences between treated and
untreated rats were observed regarding the parameters time
spent in the left open arm, left closed arm, total distance
traveled, distance traveled in open and closed arms, time spent
in the open and closed arm, and the resting time (Figure 7).
Likewise, the 11b-treated group did not show significantly

altered behavior in the rotarod (Figure 8) and forced swim test
(Figure 9) compared to the control group.
An observational battery was used to check all important

neurological functions as listed in Table 2. There were no
significant differences between controls and the group treated
with 11b.
Behavioral assays did not show any behavioral/toxic changes

following daily intraperitoneal administrations of 11b at an
intraperitoneal dose of 10 mg/kg body weight. This makes 11b
a promising compound for further development, and indeed,
first behavioral studies of this compound class showed cognitive
enhancement that challenged synthesis and further develop-
ment.21

■ CONCLUSION
In the current study, a novel series of modafinil analogues
containing five- and six-membered aromatic heterocycles have
been synthesized. Analogues were tested for dopamine
reuptake inhibition, and several compounds showed similar or
improved activity and selectivity (DAT vs NET and SERT)
compared to modafinil. Compounds 7d and 11b have been
selected for further testing. When tested in dopamine release
assay, both compounds caused no efflux of dopamine

(amphetamine-like properties). Binding studies have demon-
strated that analogues 7d and 11b are competing for binding
with cocaine on DAT. This result was further supported by a
docking study of the compounds to a homology model of
human DAT. While molecular docking experiments support
the finding that 7d and 11b are binding into the same putative
binding pocket of cocaine, molecular dynamics simulations
indicate a different binding spot to that of cocaine, i.e., different
amino acids are involved in binding of 7d and 11b within the
pocket. As compound 11b showed the highest reuptake
inhibition, it was therefore the compound of choice for
neurotoxicity studies. Results indicate no general neurotoxicity
of 11b. Therefore, by introducing heterocyclic modifications to
the modafinil skeleton, a novel series of atypical DAT inhibitors
has been synthesized. Several compounds showed improved
activity and specificity compared to modafinil, which together
with absence of neurotoxicity for at least one tested compound,
makes them suitable for further development.

■ EXPERIMENTAL PROCEDURES
Synthesis. 1H and 13C NMR spectra were recorded on a Bruker

Avance 500 NMR spectrometer (UltraShield) using a 5 mm
switchable probe (PA BBO 500SB BBF-H-D-05-Z, 1H, BB = 19F
and 31P, 15N) with z axis gradients and automatic tuning and matching
accessory (Bruker BioSpin). The resonance frequency for 1H NMR
was 500.13 MHz and for 13C NMR 125.75 MHz. All measurements
were performed for a solution in fully deuterated chloroform or
DMSO at 298 K. Standard 1D and gradient-enhanced (ge) 2D
experiments, like double quantum filtered (DQF) COSY, NOESY,
HSQC, and HMBC, were used as supplied by the manufacturer.
Chemical shifts are referenced internally to the residual, nondeuterated

Figure 5. Different interactions between parts of the ligand and amino acids are shown as heatmap ranging from dark violet (lowest interactions),
green (medium interactions) to bright yellow (highest interactions). Rows indicate part of the ligands and columns the different amino acids. The
first letters before the column indicate the type of interaction, H for hydrophobic interaction, HBA for hydrogen bond acceptor, HBD for hydrogen
bond donor, AR for aromatic interaction, and PI for positively ionizable interaction.
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Scheme 2. Synthesis of Compounds 6a−q and 7a−qa

aReagents and conditions: (a) MeOH, K2CO3, rt, 48 h; (b) CH3COOH, H2O2, rt, overnight.

Scheme 3. Synthesis of Compounds 10a−f and 11a−fa

aReagents and conditions: (a) BF3·Et2O, CH3COOH, rt, overnight; (b) CH3COOH, H2O2, rt, overnight.
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Kalaba, P. et al., 2017: 
DOI 10.1021/acs.jmedchem.7b01313

Pharmacophore 
analysis of MD  
trajectory reveals 
predominant  
ligand-protein  
interactions
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Example: Valerenic Acid Analogs
Designing ß2/3 selective GABAA modulators, inspired by the 
natural product Valerenic Acid (VA)

• Identified in Valeriana officinalis 

• GABAA receptor modulator 

• ß2/3-subunit selective 

• anticonvulsant and anxiolytic 

• hits also other interesting targets 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VA Putative Binding Mode

D. Luger et al., Brit. J. Pharmacol. (2015) 172 5403–5413 
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VA Putative Binding Mode

D. Luger et al., Brit. J. Pharmacol. (2015) 172 5403–5413 
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P4-based Scaffold Hopping

• Total synthesis of VA by 
Ramhalter & Mulzer*: 
13 steps, overall yield 8%, 
starting from (R)-glycidol 

• Optimized lead VP-13: 3 steps, 
overall yield > 80%** 

 *    J. Ramhalter, J. Mulzer, Org. Lett. (2009) 11, 1151 - 1153 

 **  M. Stadler et al., J. Med. Chem. (2019) 62, 317-341 
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Chloride Current Enhancement
VP-13 is more efficient in modulating α1β3γ2 than VA and VA-A 

                            VP-13:  Emax 1477.7 ± 71.1 %;  EC50: 8.4 ± 1.5 µM 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Anticonvulsant Activity
VP-13 is more potent in elevation of seizure threshold in male 
C57BL/6N mice induced by PTZ (tail vein infusion, same 
conditions) than VA  
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• Our pattern recognition-base pharmacophore 
technique is superior to all previous P4 methods  
with respect to speed and accuracy

➡  Highly useful for hit identification

• The pharmacophore interaction analysis concept is 
no more limited to static observation but is available 
in a convenient dynamic approach

➡  Highly useful for lead structure optimization

Conclusions
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• On average, the CHA retrieved more structurally 
diverse actives than the PDB method 

• The higher the number of considered molecules, the 
more diverse the retrieved actives

• Next steps: Comparison with pharmacophore 
fingerprint methods 

Conclusions (2)



Thank you for your attention
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LigandScout: Introduction

• Fully integrated molecular design package 

• High end GUI & command line tools

• Workflow integration into KNIME 
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LigandScout: Unique Features
Structure-based pharmacophore modeling 

• Automated recognition of ligand-protein interactions 

• User-friendly analysis of tautomers & side chain rotamers  

Ligand-based pharmacophore modeling 
• Pharmacophore-based ligand clustering 

• Automated creation of exclusion volume for ligand-based pharmacophores 

• Unlimited number of features per pharmacophore 

Virtual screening  

• Speed & accuracy increases with the number of features



What's New in LigandScout 4.4 ?

• 2D Molecule editor for convenient structure editing

• Binding affinity prediction and atom contribution display

• Automated protein binding site alignment

• Radar plot for interactive graphics-based data analysis

• New features in scatter & parallel coordinate plots  
- colouring points, reversing axes, ready to use math functions …



What's New in LigandScout 4.3 ?

• Remote execution from the GUI:

• iScreen on local HP clusters or on the Amazon Cloud*

• idbgen on local HP clusters or on the Amazon Cloud*

• Halogen bond acceptor feature

• New fully searchable online help system 



Remote Execution from the GUI

LigandScout Remote: A New User-Friendly Interface for HPC and
Cloud Resources
Thomas Kainrad,*,†,‡ Sascha Hunold,*,† Thomas Seidel,§ and Thierry Langer§,‡

†Faculty of Informatics, TU Wien, A-1040 Vienna, Austria
‡Inte:Ligand Software Development and Consulting GmbH, A-1070 Vienna, Austria
§Department of Pharmaceutical Chemistry, University of Vienna, A-1090 Vienna, Austria

ABSTRACT: High-performance computing (HPC) clusters play a major role in scientific
research. However, working with these clusters is often cumbersome, especially for
researchers without a formal background in computer science. It requires preparation and
transfer of the input data, manual gathering of results, and command-line expertise.
Current approaches for improving accessibility to remote HPC clusters are focused on
providing web-based graphical front-ends that allow jobs to be submitted to the
distributed resource management system running on the cluster. This comes with
significant usability benefits over command-line usage but does not circumvent the need
for manual handling of the input and output files. With LigandScout Remote, we
propose a different solution. Our software enables the seamless integration of HPC
resources into the LigandScout desktop application that scientists use also in their
day-to-day work. By handling necessary data conversion and network communication
transparently to the user, this approach completely evades any HPC usability barriers. We
show that the developed software combines the usability of local graphical desktop
applications with the performance of HPC clusters.

■ INTRODUCTION
High-performance computing (HPC) has long been a driving
factor for scientific progress and continues to increase its
relevance as service-oriented cloud computing products enable
more users to gain access to large computing resources.1 The
benefits of HPC infrastructure, such as computing clusters,
over traditional consumer hardware are manifold. The most
obvious advantage is shorter execution times, especially for
tasks that can be parallelized to a high degree. Another
advantage is a decreased load on client machines such as
desktop computers or notebooks, which are generally not built
for long compute-intensive tasks.
However, working with remote HPC clusters is cumbersome

for different reasons. It requires preparation and transfer of the
input data, manual gathering of results, and most importantly,
technical knowledge. Scientists therefore often have to rely on
the usability of graphical user interface (GUI) applications
installed on their own machines over the superior computa-
tional capabilities of remote high-performance resources. This
dependence unnecessarily lengthens the time needed for the
executing tasks and causes underutilization of existing
expensive computing hardware.
Naturally, many concepts and approaches exist for making

HPC resources more accessible to scientists with often limited
information technology background. These have largely
concentrated on providing web-based interfaces2−4 for cluster
resource managers. While these solutions circumvent the need
for specialized technical knowledge such as understanding of
command-line interfaces, they still require manual steps

regarding file upload, results download, and filling of forms.
Furthermore, systems striving to be versatile enough to enable
access to a wide spectrum of computational pipelines can
seldom provide detailed progress information and intermediate
results, as this information is specific to individual tasks.
We propose to integrate access to HPC clusters directly into

the GUI applications that scientists use in their day-to-day
work. Here we report on a newly developed software, namely,
LigandScout Remote. It aims to provide means for
executing virtual screening and conformer generation jobs on
remote HPC clusters from within LigandScout’s GUI.
Moreover, the software is capable of automatically distributing
the workload across an arbitrary number of cluster nodes and
is optimized for use with clusters in the Amazon Web Services
(AWS) cloud.

■ LIGANDSCOUT
LigandScout is an advanced molecular modeling and
design software suite that evolved from the prototype initially
published in 2005.5 It comprises a graphical desktop
application and accompanying command-line tools. The
software aims to reduce costs in the early stages of the drug
discovery process by enabling in silico experiments that are
vastly cheaper than their in vitro counterparts.
With virtual screening and its prerequisite, conformer

generation, LigandScout incorporates two essential

Received: October 15, 2018
Published: December 12, 2018
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What's New in LigandScout 4.2 ?
• User interactive charts for analyzing and filtering tables

• Fully editable tables, import & export from and to Excel

• Fully editable parameter sets for library filtering

• Find ligands present in the PDB database in any table

• Remodelled workflow for ligand-based pharmacophore generation

• Visualization of multiple superimposed binding sites 

• MD trajectory import from AMBER & Gromacs, in addition to Charmm

• Automated creation of pharmacophores from MD trajectories

• Tools for analysis of pharmacophores derived from MD 
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LigandScout Expert: KNIME Integration
LigandScout functionality in KNIME workflows 

• Molecular structure data input and output 

• Data set manipulation 

• Conformational analysis 

• LigandScout 3D database generation 

• Query builder for ChEMBL online databank 

• Patent searching in SureChEMBL 

• Virtual screening & Activity profiling 

• MD trajectory analysis using pharmacophores 

• Toxicity prediction 

Deploy easy-to-use workflows to co-workers
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The Inte:Ligand KNIME Extensions
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LigandScout functionality available in KNIME 

•Batch data extraction from ChEMBL 

•Conformational analysis & 3D database generation  

•Batch mode for pharmacophore model building  
(LB & SB) 

•Pharmacophore-based analysis of MD trajectories 

•Virtual screening & activity profiling 

•Validated toxicity models from eTox Consortium 

•Patent searching using SureChEMBL

The Inte:Ligand KNIME Extensions
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Batch Mode Pharmacophore Generation

- Input pdb protein-ligand complex file(s) 

- Generate structure-based model(s) 

- Input molecule file 
- Generate ligand-based model(s) 
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LigandScout VS in KNIME

- Input molecule files (smiles/sdf/mol2)  
- Screen with your favourite pharmacophore model(s) 
- Retrieve ranked hits
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LigandScout Docking in KNIME

•Automated Docking With AutoDock / AD Vina

- Input PDB protein structure & list of molecules (smiles/sdf/mol2) 
- Perform docking experiment 
- Output sdf file of docked poses for further ranking
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Search for Patented Structures
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3D Visualizer within Knime 

 Visualization of node results  

• Pharmacophores  

• Ligands 

• Macromolecules
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Activity Profiling
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Toxicity Assessment Models
7 year collaborative EC Project on Toxicity Prediction
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KNIME Nodes Available for …
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KNIME Tutorial Workflows
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www.inteligand.com

http://www.inteligand.com

