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First Pharmacophore Adventures

“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

Continuation @ University of Innsbruck, 1993 …

On the Use of Chemical Function-Based Alignments as Input for 3D-QSAR

Thierry Langer*,† and Rémy D. Hoffmann‡
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A set of 15 highly flexible competitive inhibitors of rat liver squalene epoxidase (EC.1.14.99.7) covering a
wide activity range (IC50) 2 nM-10 µM) has been investigated by three-dimensional quantitative structure-
activity relationships (3D-QSAR). Conformational analysis of the ligands was done by a quasirandom
sampling approach with sequential poling. The alignment rule has been defined by a chemical function
mapping based method. A comparative molecular field analysis (CoMFA) was performed using interaction
energy matrices generated within the GRID program. This approach was shown to yield predictive QSAR
models.

INTRODUCTION
Progress in drug design depends on the ability to under-

stand the interactions of drugs with the biological targets.
Concepts for the description of ligand binding site interac-
tions have been developed from the growing amount of
information on three-dimensional (3D) structures of proteins.
Often, however, the structure of the biological target is not
available. In this case, the use of 3D-quantitative structure-
activity relationship (QSAR) methods has proven to be useful
in rationalizing binding data of sets of drug molecules.1 When
constructing a 3D-QSAR model, two major crucial steps
must be taken into account: definition of a selfconsistent
alignment rule and choice of the assumed active conforma-
tion for each compound. The latter step is by far the most
difficult, especially when dealing with highly flexible
compounds. Methods that investigate conformational space
(e.g., molecular dynamics or Monte Carlo simulation together
with cluster analysis2,3) are commonly used to find the best
match between various ligands.
The automatic identification of pharmacophoric pattern

based on atomistic comparison has been extensively de-
scribed (e.g., Disco, Compair, Family4). Another promising
approach for defining alignment rules focuses on the
consideration of chemical features rather than explicit
atoms.5,6 Within the program CATALYST,7 feature-based
alignments are produced in a three-step procedure: (i) for
each molecule, a conformational model is generated using a
quasirandom sampling approach with sequential poling8 that
has been shown to produce a good coverage of the confor-
mational space9,10; (ii) each conformer is examined for the
presence of chemical features; and (iii) a set of chemical
features common to the input molecules that correlates best
with biological activity is determined. This 3D array of
chemical features (called a hypothesis) provides a relative
alignment for each input molecule. Considered chemical
features can be H-bond acceptors and donors, aliphatic and
aromatic hydrophobes, positive and negative charges, positive
and negative ionizable groups, and aromatic planes.11

Multiple hypotheses are produced and ranked according to
how well they explain the biological activity of the input
molecule set. In a hypothesis, each function is characterized
by a location constraint (x,y,z coordinates).
To investigate the utility of feature-based alignments as

input for other 3D-QSAR methods, we analyzed a set of 15
highly flexible competitive inhibitors of rat liver squalene
epoxidase (EC.1.14.99.7) covering an affinity range of 2 nM
to 10 µM (see Figure 1). Examining the two-dimensional
(2D) structures of these squalene epoxidase inhibitors shows
clearly the functions that may be involved in binding.
However, because of their high degree of flexibility and the
lack of a 3D structure of the enzyme, it is difficult to
determine which 3D arrangement of these functions will be
the most suitable to explain the differences in activity within
this set of inhibitors. Conformational analysis and hypothesis
generation was performed within the CATALYST program.
Then, a 3D-QSAR model using the CoMFA12 technique
together with GRID13,14 was constructed starting from the
alignment resulting from a combination of the two best
hypotheses.

MATERIAL AND METHODS

Alignment Definition. The entire study was performed
using the following software packages: CATALYST,7
SYBYL,15 and GRIN/GRID13,14 installed on a SGI Indy 4400
or a SGI PowerChallenge XL. All structures were generated
using the 2D/3D editor sketcher in CATALYST and
minimized to the closest local minimum (CHARMm force
field, energy convergence ) 1.10-5 kcal/mol/Å, gradient
convergence ) 1.10-4 kcal/mol/Å). Conformational models
were calculated using a 5 kcal energy cutoff (minimization
convergence criteria during conformational analysis: energy
convergence ) 1.10-4 kcal/mol/Å, gradient convergence )
1.10-3 kcal/mol/Å). All molecules with their associated
conformational models were regrouped into a spreadsheet
including the biological data (IC50 values given in nM units).
Hypothesis generation was performed using the positive
ionizable, hydrophobic, and H-bond acceptor functions.11 A
reduced interfeature distance spacing parameter of 1.5 Å
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First Pharmacophore Adventures
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Sigma-1 Receptor Ligands

Search for potent and selective ligands 
- 3D Structure of the target unknown at that time 

- No significant sequence homology to other proteins  
(functional homology to ERG2P and EBP) 

- Many sigma-1 ligands known, however with low selectivity  
(sigma-2, hERG, etc ...) 

- Appealing clinical potential: antipsychotic, antidepressant,  
antiepileptic, neuropathic pain …  

- Excellent data set available
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Sigma-1 Pharmacophore Model

4 hydrophobic features 
1 positive ionizable

23 molecules 
Ki = 0.1 nM - 35 µM

How about prospective 
experimental validation ?
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Experimental Validation 

C. Laggner et al., J. Med. Chem. 48, 4754 - 4764 (2005)
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Experimental Validation 

C. Laggner et al., J. Med. Chem. 48, 4754 - 4764 (2005)
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Industrial Application 

Focused Library, 4000 Compounds

pharmacophore 
filtering

diversity 
based 

random 
selection

389 611Assay @ 1µM
Displacement 

>80% 
>50% <80% 

< 50%
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41 
35

31 
33 

547

> 80%

>50% < 80%

< 50%
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From This Collaboration ...
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CL-142  IC50 sigma-1 = 1,5 nM    IC50 sigma-2 > 10000 nM 
Pre-clinical profiling: 

• no significant interaction with hERG and 21 more anti-targets 
• active in animal  model for neuropathic pain (oral application) 
• a close analogue of CL-142 was developed 
• successfully passed clinical phase I and phase II studies

CL-142

C. Laggner, W. Holzer, T. Langer, manuscript in preparation
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Sigma-1 Recent Findings
• Sigma-1 is a chaperone protein at the endoplasmic 

reticulum (ER) that modulates calcium signaling through 
the IP3 receptor, located mainly in the CNS 

• Crystal structure available since April 2016: 
H. R. Schmidt et al., Nature (2016) 523, 527-530 

T. Langer © 2018

Sigma-1 Structure-based Model

PDB 5HK1
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[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

21 vHits

Phase

MOE

6

3 2
2

Pharmacophore Limitations
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Pharmacophore Limitations (2)

[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

Phase
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5

10 7
2



T. Langer © 2018

There was 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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We Need Speed & Accuracy

• Revisit the alignment algorithm 

• No upper limit for number of features 

– high number of features will give good selectivity 

• No exponential growth of search time with growing 
number of features 

• No graph matching necessary ...

Work exclusively in the pharmacophore domain !
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... Breaking the Code

• Why Yuor Barin Can Raed Tihs

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
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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
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It’s all about pattern recognition !
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LigandScout Prototype

G. Wolber, PhD Thesis, Univ. Innsbruck, 2003
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LigandScout 4.2 Expert
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Why is LigandScout better ?

• More appropriate science: Pattern recognition 

• Comprehensive models: Higher accuracy 

• Smart indexing/screening: Higher speed  

• Elaborated graphical user interface  

–  for fast learning 

–  for true productivity enhancement

T. Langer © 2018

LigandScout Scientific Articles

• More than 1550 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)
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An Interesting Article To Read ...

Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043−1056
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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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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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Be Better: New Drugs  
from Old Drugs ?

Sir James Black 

Chong & Sullivan,  
Nat. Drug Discov. 2007, 448, 645-646

Camille G. Wermuth: 
SOSA: Selective Optimization  
of Side Activities (1993)

T. Langer © 2018

An Example
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An Example

Bernd Riedl, Bayer Pharma, Wuppertal
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LigandScout Model of ABCG2-I

Yinxiang Wei et al., Mol. Cancer Ther.,11, 1693-1702 2012
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Inhibiting ABCG2 With Sorafenib

… at a concentration up to 2,5µM/L 
no cytotoxic effect was observed ... 

…. led us to conclude that sorafenib 
behaves like ABCG2 degradation-
induced inhibitor. Sorafenib may, 
therefore, be a good candidate for 
MDR chemosensitizing agent.

Yinxiang Wei et al., Mol. Cancer Ther.,11, 1693-1702 2012
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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

T. Langer © 2018

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

1 2 3 4 5 6 7 8 9 10 11 12 13Months 

PhD 1   (CADD) 

PhD 2 

Technician

hit l
ist

 deliv
ered

firs
t h

its
 sy

nthesiz
ed &

 deliv
ered

firs
t h

its
 valid

ated: lo
w µM affin

ity

hit to lead lead optimization
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First hits had already novel structures, were patentable 

T. Langer © 2018 L. Deyon-Jung et al., Med. Chem. Comm. 7, 506-511, 2015
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Another Success Story
• Collaboration with Domain Therapeutics (F) 

- Target: mGluR4 positive allosteric modulators  
- Disease area: Parkinson, Schizophrenia 

• Project Setup 
- 3 years, 2.5 FTEs at Prestwick for med. chem.  

   (hit to lead & and lead optimization) 
• Result 

- Optimized lead family, in vivo proof of concept 
- Patent filed by October 2009



mGluR4 PAMs

mGluR4 PAMs Project
• Starting point: (-)-PHCCC

Flat S
AR

• The result: 



mGluR4 PAMs Patent WO2011051478A1

mGluR4 PAMs Patent WO2011051478A1

in total: 
124 examples 

described



Pharmacophore Modeling
For benchmarking against Addex compounds ...

In silico Profiling: Adverse Effects ?



The Result
• Collaboration with Domain Therapeutics (F) 

- Target: mGluR-4 positive allosteric modulators  
- Disease area: Parkinson, Schizophrenia 

• Project Setup 
- 3 Years, 2.5 FTEs at Prestwick for med chem (hit to 

lead & and lead optimization) 
• Result 

- Optimized lead family, in vivo proof of concept 
- License agreement signed in Q4 2010

How did the story continue ?
• Merck Serono closed their site in Geneva in 2012 

and gave up all their neuroscience projects 
• An ex-Merck team started Prexton Therapeutics 

and acquired the mGluR4 PAM project 
• Foliglurax was selected as candidate and was 

developed into the clinics up to Phase II 
• March 2018: Lundbeck acquired Prexton 

Therapeutics (total deal volume 1.12 billion USD)



Foliglurax

Foliglurax
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• Our pattern recognition-base pharmacophore 
technique is superior to all other P4 methods  
with respect to speed and accuracy 

➡Highly useful for hit identification, hit2lead, and LO 

• There is a lot of new aspects to add to 
pharmacophore modeling, such as integration with 
molecular dynamics, or machine learning 

➡We are working on that … expect exciting results !

Conclusions

T. Langer © 2018

Thank you for your attention


