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The Pharmacophore Concept

“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
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LigandScout Prototype 2003

High Throughput Pharmacophore
Model Generation
from Ligand-Target Complexes
as a Basis for Activity Profiling

Gerhard Wolber
University of Innsbruck
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Gerhard Wolber
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Pharmacophore Screening ...

Catalyst/DS

73 vHits

21 vHits

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

Catalyst/DS

78 vHits 48 vHits

168 vHits

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

£25% universitdt
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 “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 ?

T. Langer, 11th ICCS, Noordwijkerhout 2018
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... Breaking the Code

« Why Yuor Barin Can Raed Tihs

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

T. Langer, 11th ICCS, Noordwijkerhout 2018
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... Breaking the Code

« It deson’t mttaer in waht oredr the Itteers in a
wrod aepapr, the olny iprmoatnt tihng is taht the
frist and Isat Itteer 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

 STIM1L4RLY, YOUR M1ND 15 R34D1ING
7H15 4U70M471C4LLY W17HOU7 3V3N
7JHINKING 4BoU7 17

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

T. Langer, 11th ICCS, Noordwijkerhout 2018

Pattern Recognition Alignment
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LigandScout 4.2
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LigandScout Scientific Articles

« More than 1500 papers* e
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rotein Interface Pharmacophore Mapping Tools for Small Molecule
‘rotein: Protein Interaction Inhibitor Discovery
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* scholar.google.com, May 2018
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An Interesting Article To Read ...

JOURNAL OF "
CHEMICAL INFORMATION
AND MODELING pubs.acs.org/jcim

Highly Speclfic and Sensitive Pharmacophore Model for Identifying
CXCR4 Antagonists. Comparison with Docking and Shape-Matching
Virtual Screening Performance

Arnaud S. Keu'abc.»ga,f’§ Jesis M. Planesas, ™ Florent Petronin,” Jordi Teixidé," Michel Souchet,*"
and Violeta L. Pérez-Nueno* "

'Harmonic Pharma, Espace Transfert, 615 rue du Jardin Botanique, 54600 Villers lés Nancy, France
!Grup d'Enginyeria Molecular, Institut Quimic de Sarrid (IQS), Universitat Ramon Llull, Barcelona, Spain

ABSTRACT: HIV infection is initiated by fusion of the virus with the target |

cell through binding of the viral gp120 protein with the CD4 cell sufface =

recep(or protein and the CXCR4 or CCRS coreceptors. There is currently
iderable interest in developing novel ligands that can modulate the

f ions of these p and, hence, ultimately block virus—cell
fusion. Herein, we present a highly specific and sensitive pharmacophore &
model for identifying CXCR4 antagonists that could p yserveas HIV S50, o
entry mhxbnors Its performance was compared with dockmg and shape-
hing virtual pproaches using 30E6 CXCR4 crysul structure
and lngh affinity ligands as query molecul The

perfc

of these methods was compared by virtually screemng a library assembled by
us, consisting of 228 high affinity known CXCR4 inhibitors from 20 different
chemotype families and 4696 similar presumed inactive molecules. The area
under the ROC plot (AUC), enrichment factors, and diversity of the
resulting virtual hit lists was analyzed. Results show that our pharmacophore model achieves the highest VS performance among
all the dodung and shape-based soonng functions used. Its high selectivity and sensitivity makes our pharmacophore a very good
filter for id g CXCR4
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Karaboga et al,,
J. Chem. Inf. Model. 53
1043—1056 (2013)

T. Langer, 11th ICCS, Noordwijkerhout 2018
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LigandScout for VS

Pharmacophore from PDB entry 30E6 @‘

298 hits

Sensitivity (% selected ligands)
8
2

20.0% . 60.0% 80.0% 100.0%

1 - Specificity (% selected decoys)

Figure 2. CXCR4 pharmacophore model with a high activity CXCR4 ~ Figure 3. ROC plot validation of the pharmacophore model applied to
antagonist aligned. Five-featured manually refined final pharmaco- CXCR4 antagonists. Values of area under the curve (AUC) and
phore model. The pharmacophore hydrophobic features are shown in  enrichment factor (EF) are displayed at 1, S, 10, and 100% of screened
yellow. Positively charged features are shown in blue, and hydrogen  database, respectively. These values highlight the high sensitivity and
bond donor features are shown in green. specificity of the designed pharmacophore model.

Karaboga et al., J. Chem. Inf. Model. 2013, 53, 1043—1056
inte:ligand
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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
inte:ligand
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Drug Discovery Today«Volume 20, Number 6+ June 2015
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Teaser An overview on molecular dynamics (MD) studies illustrating the range
of applications in the field of drug design.

The impact of molecular dynamics on
drug design: applications for the

characterization of ligand-
macromolecule complexes

Jérémie Mortier', Christin Rakers', Marcel Bermudez',
Manuela S. Murgueitio’, Sereina Riniker” and Gerhard Wolber'

MIIATY NOLIVONNOS « smamnmay

" Institute of Pharmacy, Freie Universitat Bariin, Kénigin-Luise-Strasse 244, 14195 Beriin, Germany
"’ubomo'y of Physical Chemistry, ETH Zurich, Viadimir-Prelog-Weg 2, CH-8093 Zurich, Switzerland

Among all tools available to design new drugs, molecular dynamics (MD)
simulations have become an essential technique. Initially developed to
investigate molecular models with a limited number of atoms, computers
now cnable investigations of large macromolecular systems with a
simulation time reaching the microsecond range. The reviewed articles
cover four years of research to give an overview on the actual impact of MD
on the current medicinal chemistry landscape with a particular emphasis
on studies of ligand-protein interactions. With a special focus on studies
combining computational approaches with data gained from other
techniques, this review shows how deeply embedded MD simulations are
in drug design strategies and articulates what the future of this technique
could be.

O ——

T. Langer, 11th ICCS, Noordwijkerhout 2018

Jérémie Mortier
s a poscdocionl fellow in
Gerhard Wolber's
computeraidad dng
design growp a: the Free
University of Berli,
Germary. Hs main field of
research is at the Interface
of biological anc medicinal
chemistry, with 1 particular
focus on the predicion and
wnderstanding of molecular systems, their structures
and interactions. After 3 Mastas in Chemistry in 2006,
e was first inwroduced (0 computational chemisuy
during bis PhD Ir. sha-maceutica’ and bicmedical
1490208 32 the Univarsizy of Namur, Bajgium, in 2010,
His s tion s currently fanded by a fellowshi fom
the Deutsche Forschung Gemenschait.

Servina Riniker
received her PhD at ETH
Zurich ir the field of
molecular dynamics
simulations. |s 2012, she
moved on to take &
postcocton position in
cheminformatics at the
Novartis Institutes for
BoMedical Researcn in
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MD and Pharmacophores

« Using pharmacophore models as a new way to investigate
ligand-protein interactions in MD trajectories
- Finding relevant interactions by pharmacophore frequency
analysis
« Use pharmacophore vectors for calculating similarities
- Sampling and identification of rare (but important) events
« Potential applications:
Enhance VS efficiency
Better guidance for lead structure optimization

s niversitat
wien

VS Screening Efficiency

JOURNAL OF
CHEMICAL INFORMATION
AND MODELING pubs.acs.org/jcim

Common Hits Approach: Combining Pharmacophore Modeling and
Molecular Dynamlcs Simulations

Marcus Wieder,* " Arthur Garon,’ Ugo Perrlcone, "1 Stefan Boresch,* Thomas Seldel
Anna Maria Almerico,! and Thierry Langer’

’Faculty of Life Sciences, Department of Pharmaceutical Chemistry, University of Vienna, Althanstrafle 14, 1090 Vienna, Austria
*Faculty of Chemistry, Department of Computational Biological Chemistry, University of Vienna, Wihringerstrafe 17, 1090 Vienna,
Austria

IDepartment of Biological, Chemical and Pharmaceutical Sciences and Technologies (STEBICEF), University of Palermo, Via
Archirafi 32, Palermo, Italy

© Supporting Information

Representative pharmacophore Unique and re-scored

PDB struct
structure models (RPMs) Hit-list

‘<\J/
)5, Molecular dynamics
simulations

\ _
“ @\4’ % Feature vectors

Yy representation —

Virtual screening

\\
) Commom Hit Approac]
- (CHA)

ABSTRACT: We present a new appmach that incorporates flexibility based on extensive MD simulations of protein—ligand
iplexes into structure-based phar : deling and virtual screening. The approach uses the multiple coordinate sets

saved during the MD simulations and generates for each frame a pharmacophore model. Pharmacophore models with the same

pharmacophore features are pooled. In this way the high number of pharmacophore models that results from the MD simulation

is reduced to only a few hundred representative pharmacophore models. Virtual screening runs are performed with every
P ive phar phore model; the s ing results are combined and rescored to generate a single hit-list. The score for

a particular molecule is calculated based on the number of representative pharmacophore models which classified it as active.

Hence, the method is called common hits approach (CHA). The steps between the MD simulation and the final hit-list are

performed automatically and without user interaction. We test the performance of CHA for virtual screening using screening

databases with active and inactive compounds for 40 protein—ligand systems. The results of the CHA are compared to the (i)

median screening performance of all representative pharmacophore models of protein—ligand systems, as well as to the virtual

screening performance of (ii) a random classifier, (iii) the pharmacophore model derived from the experimental structure in the

PDB, and (iv) the representative pharmacophore model appearing most frequently during the MD simulation. For the 34 (out of H ( )

40) protein-ligand complexes, foc which ot oast one of the approaches was able to pertorm better than a fandom classfe, the Wieder M. et al., JCIM, 57, 365 (2017

highest enrichment was achieved using CHA in 68% of the cases, compared to 12% for the PDB pharmacophore model and 20%

for the representative pharmacophore model appearing most frequently. The availabilithy of diverse sets of different

pharmacophore models is utilized to analyze some additional questions of interest in 3D phar; phore-based virtual

inte:ligand
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LigandScout Implementation

[ XoN ]

@6 > -

L‘gandScout

Structurz-3aszd

Amuslmp] N304 :hml mpncw
[ Lore Molecule [A] IN2205
O Macromoalzcuie

[=- Voater

2 CIVI21_A
& PHE 122 A
b OINR_123 A
2 VA_137_A
2 THR 133 A
VAL 1344
2 WF_135_A

& THR_136_A
3 HB_L1i8 A

NOCNOCUOrnOCN0fN0r V0 000X 00m

T
PSPV DI DI DI S DI S P IS PO S DI DI DI ST g D

=]

a

PDB 4-letter wde:

[. . | [ Download /kznew I

Title: not available

Resclution: not available
Deposidon Date: ner avallable
Experimental Type: nol available

Select igand/active site

2
™y

\)\,,-- b

[EEENE

| > bavortas
a v

ugend :U Lgand Detalls

H,N

=N
N
\

‘ lgardSeaur (€ 1993-2017 6. Wolhar & Im'lmM fmhll

‘ ] 155 fps ||147$of1‘!75Ml!

T. Langer, n1th ICCS, Noordwijkerhout 2018

inte:ligand

Advance Your Molecular Design

7 o a,_’.?
}: O" [ ¥ S, ?\:~

LigaanedSeoul

O D00 02O

Fasrmacaphores (r)

FigandSeomt (€ 19992017 €. Wolber & Inecligind CrehH

[ Swuture Baved | ligand Rased | Alignmen: 3] | Screening [S] )
Adtlve Site: Al IN3208 (27 selzarec ators, lozzl L)
/ I v
- ; / w @
P 3 ( f Frame: 16 ciher perspecaves:

7.4 Ips S5O7 o 2724 MR

T. Langer, 11th ICCS, Noordwijkerhout 2018

inte:ligand

Advance Your Molecular Design




Find Models With Specific Feature
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Further Analysis of MD Trajectories
« Identification of transient pockets
« Qualification of regions for additional interactions

« Analysis of the role of water molecules

Case study:

Ligand Desolvation Steers On-Rate and Impacts Drug Residence
Time of Heat Shock Protein 9o (Hsp9o) Inhibitors

Schitz D. et al., J. Med. Chem. Articles ASAP, April 27, 2018.

DOI: 10.1021/acs.jmedchem.8booo80o

@ polar . e
= R 2

Y|
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Feature Interaction Grids

« Specify region of interest by
defining key residues, which
should be in the grid box

« Hspgo example:
Residues 76, 82-92, 95-96,
131-135

Schiitz D., Seidel T. et al, JCTC, submitted Lnte:liga nd

T. Langer, 11th ICCS, Noordwijkerhout 2018 vance Your Molecular Design
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Feature Interaction Grids

« Specify region of interest by
defining key residues, which
should be in the grid box

« Hspgo example:
Residues 76, 82-92, 95-96,
131-135

« Alignment of frames done
using a subset of ‘static’
residues: 131 - 135, 144, 152,
154, 167, 168

Schiitz D., Seidel T. et al, JCTC, submitted Lnte:liga nd

T. Langer, 11th ICCS, Noordwijkerhout 2018 vance Your Molecular Design




Pairwise Feature Interaction Scores
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« Calculated for every complementary probe/target feature pair

i and j at every grid point, taking into account distance D and

angle A dependent score contributions, together with a feature

strength weighting factor C

FIS; = DS; - AS; - C;

T. Langer, 11th ICCS, Noordwijkerhout 2018

Schitz D., Seidel T. et al, JCTC, submitted
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Scoring Function

Generalized bell function:

GBF x|=

resulting in a
vector of scores

T. Langer, 11th ICCS, Noordwijkerhout 2018
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Schitz D., Seidel T. et al, JCTC, submitted
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Scoring Function

For every interaction type: Optimum distances & angles defined

S7% Lniversitat
S wien

T. Langer, 11th ICCS, Noordwijkerhout 2018
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Scoring Function
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Calculation of Atom Densities

For protein and ligand atoms, and for water molecules:

AD,=max (GBF;(d;)) i=1,...,N

A

protein ligand water

Schiitz D., Seidel T. et al, JCTC, submitted inte:ligand

T. Langer, 11th ICCS, Noordwijkerhout 2018 Advance Your Mol ecular Design

Final Feature Interaction Grid Score

FIS;=max (FIS;)-(1-AD;) j=1,..,N

F

FISi: scalar feature interaction score at grid point i,

FISij: pairwise feature interaction score (step 2) of the probe feature
and a complementary target feature j,

ADj: atom density (step 3) at grid point i

Nf. number of target features complementary to probe feature type

Schiitz D., Seidel T. et al, JCTC, submitted inte:ligand

T. Langer, 11th ICCS, Noordwijkerhout 2018 Advance Your Mol ecular Design




Vizualisation (1)

Residue Phe138 interactions:

(A) ... aromatic - aromatic

(B) ... hydrophobic - hydrophobic
(C) ... positiv charge - aromatic

Schiitz D., Seidel T. et al, JCTC, submitted inte:ligand

T. Langer, n1th ICCS, Noordwijkerhout 2018 Advance Your Molecular Design

Vizualisation (2)

Residue Lysi00 interactions:

(E) ... negative - positive charge

(E) ... aromatic - positive charge
(F) ... HBA - HBD

Schiitz D., Seidel T. et al, JCTC, submitted inte:ligand

T. Langer, 11th ICCS, Noordwijkerhout 2018 Advance Your Mol ecular Design




Vizualisation (3)

Residue Asp8s interactions:
(G) ... HBD -> HBA
(H) ... hydrophobic - hydrophobic

Schiitz D., Seidel T. et al, JCTC, submitted inte:ligand
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Further Steps in the Procedure
- Create grid covering the binding site for each frame of the MD

« Perform calculations at grid points:

— Buriedness and drugability threshold

— Interaction probabilities for each feature at each point
« Align the grids
« Visualize and analyze

— Look for emerging binding pockets

— Find hot spots for interactions

— Evaluate water molecules

Schiitz D., Seidel T. et al, JCTC, submitted inte:ligand
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Vizualisation (4)

T. Langer, 11th ICCS, Noordwijkerhout 2018
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Visual Analysis

‘unhappy’
water

molecules

‘happy’
water

molecules

Schutz, D, PHD Thesis, Vienna University inte:"ga nd

Advance Your Mol ecular Design

Water molecules in a hydrophobic régio\r1
AR-PI grids are depicted in light blue without potential H-bond interactions calculated
grids are represented in light pink

Schiitz D., Seidel T. et al, JCTC, submitted inte:ligand
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Use in Lead Optimization o
« 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

inte:ligand
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Conclusions :

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

« The novel pharmacophore-feature based grid
calculations allow in-depth analysis of protein
regions for optimized ligand design

= Highly useful for lead structure optimization
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Thank you for your attention
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