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Introduction: Malaria

• Third world disease
• 500 million clinical cases per year
• 1.5-3 million deaths per year (children bellow 5!)
• Number of cases constantly increasing
• Several therapeutic tools, but all of them generate resistances

M OTIV ATION M ALAR IA

SYNERGY PARTNERS



  

2005, an example of VS 
on the search for novel 
antimalarials



  

Concepts and computational techniques
 Protein-Ligand docking

 Binding free energy predictions 

 Kinetic assays

WOR K FLOW C OM PU TE R -A IDE D  DR U G  DE S IG N



  

Docking and scoring

Molecular Dynamics
Binding affinity    

estimations
∆G = -RT·ln Ki

Ligand-based VS

104 - 106

103 - 105

10 - 103

# molecules

Binding mode

Refined
ranking

HIT 
Chemical modification

(hit → lead)

(

Biochemistry
(affinity assays, mutagenesis…)

SAR (structure-activity 
relationships)

r

Residues identification

First ranking

Chemical library 
analysis and indexing First filtering Scaffolds

detection

Speed vs efficacy



  

PROTEIN-LIGAND 
DOCKING



  

HOW M AN Y  M E TH ODS  E X IS T?DOC K IN G

Vina, MGL, Scripps, CA (2007)
Glide, Schrödinger Ltd (2004)



  

Kd

LIG AN D-PR OTE IN  AS S OC IATIONB IN D IN G



  

Molecular interactions and Scoring functions
LIG AN D-PR OTE IN  AS S OC IATIONB IN D IN G



  

Empirical Scoring functions

Chemscore (Glidescore), Vina

Scoring functions

Coefficients obtained by multiple linear regression
Both Glide and Vina have been well trained



  

Autodoc k &  V ina : G rid mappingDOC K IN G

1. Ligand atom types? C, A, OA, ND (…)
2. Generate a grid map for each atom type (map.C, …)
3. Sample ligand conformations on the generated grid maps 



  

Scientists Against MalariaScientists Against Malaria

Virtual Organisation for Drug DiscoveryVirtual Organisation for Drug Discovery

1.Target selection
2.Chemical library construction
3.Virtual screening (I): Molecular docking
4.Consensus scoring



  

Scientists Against MalariaScientists Against Malaria

Virtual Organisation for Drug DiscoveryVirtual Organisation for Drug Discovery

1.Target selection
1.Chemical library construction
2.Virtual screening (I): Molecular docking
3.Consensus scoring



  

Protein Preparation and Chemical DatabaseSAM RESULTS

• Target selection: P. falciparum Kinase. 
• Reliable homology modeling, 
• Available for enzymatic assays

Structure of Pf Kinase selected as the protein target. 
Binding site defined by ATP(sticks) / Mg+2 (spheres)  
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Protein Preparation and Chemical DatabaseSAM RESULTS

 The Chemical Databse in U. of Cincinatty 
• Pipeline Pilot. Generation of all possible xxxomers
• No filtering (look for pharmacological tools)
• The database is provided as an SDFile

~350K original compounds
~1.3M molecular entities!!

CHALLENGE: Docking 10

6

 molecules
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Protein PreparationVina

• ADT (Autodock Tools). 
• Standard Kollman charges. 
• United atom model (only polar Hs).
• Grid box: using as a reference the ATP binding site.
• Generous search Space.

Grid Space: 0.375Å
Grid points: 60x50x36
9 dockings / molecule

Vina.conf



  

SDFile (3D)

SDFile
<code>
UCxxxxxxx
<InChI>

Mol2 File (1.3M entries, 
4Gb)

25073 directories
50 pdbqt each
50 “vina.conf” each

25073 directories

50 single mol2 each

UC code
InChI strings

Openbabel
(Hs add)

scripting
(split)

ADT
(mol2 to pdbqt)

Ready to the cloud!!

Database PreparationVina



  

Analysis of resultsVina

• 14 days computation time
• Most time spent on huge molecules

• Analysis of the results (bash & perl scripts)
• 2650 molecules failed docking: presence of metals or other non-drug 
like atoms (Si, B, …)
• All compounds are retained in the best docking pose (out of 9 
independent runs per ligand). 
• All have negative ∆G values.
• The number of compounds filtered depend on the threshold considered:

Threshold # Compounds % of Database
∆G <-12 kcal/mol 1,726 0.13
∆G <-11 kcal/mol 7,909 0.62
∆G <-10 kcal/mol 43,547 3.39
∆G <-9 kcal/mol 213,324 16.62
∆G <-8 kcal/mol 596,134 46.43
∆G <-7 kcal/mol 984,646 76.70



  

Ligand Database preparation & dockingGlide

Generate ligands’ conformations
(once, local computation)

Initial shape-based docking
(1st filter)

Fine-tune docking (GlideScore)

Molecular Mechanics (OPLS-AA)
Monte-Carlo Sampling

Scoring, ranking (Glide Score)



  

Ligand Database preparation & dockingGlide

• Virtual Screening Workflow (VSW). Consists on 3 steps:
• Glide HTVS (High Throughput Virtual Screening). Then recover best 
10% compounds (only if negative scoring poses)

• Glide-SP (single precision). Then recover best 10% compounds (only if 
negative scoring poses)

• Glide-XP (extra precision). Then recover best 10% compounds (only if 
negative scoring poses). Impact/OPLS minimization+rescoring. 

The method has pros and cons:
↑ Fully automated
↑ 3 rounds of docking, increasing quality parameters
↑ Easiness of analysis. Conversion to different output formats 
(SDF, csv text files, graphical analysis with Maestro)

↓ Black box: not easy to recover intermediate information



  

Ligand Database preparation & dockingGlide

• Protein Preparation: Maestro, Protein Preparation wizard. 
• Optimization of H-bond network
• His/Gln/Asn tautomers, His/Gln flipping, 
• Small protein minimization.

• Glide box is generated on the basis of the ligand present (in 
this case ATP).

SDFile (3D)

SDFile
<code>
UCxxxxxxx Mol2 File (1.3M entries, 

4Gb)
UC code

Openbabel
(Hs add)

Simpler ligand database preparation!



  

Docking resultsGlide

• Resources: 
• 500 tokens granted from Schrödinger (started 
20/09/2010)
• 64 processors of a grid distributed cloud of processors 
(Collaboration between CESGA and CYL HPC centers, 
Spain)
•   4 days computing:

• 2 h processing the library
• 17 h Glide-HTVS (~1.3M compounds)
• 10 h Glide-SP (~130K compounds)

• 6.4 Gb information (150% of initial database)
• 2 days of data transfer and analysis



S c r a t c h  
2 0G B

S c r a t c h  
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H o m e  
(N F S ) 
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H e a d  N o d e
2 C P U  &  2 G B

E x e c u t io n  N o d e s
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~1 9 1  jo b s  (H T V S -S P -X P )

V ir t u a l C lu s t e r
(V in a /S c h r o d in g e
r  V S W  r e a d y )

M a la r ia  
(N F S ) 
8 8 0G B



Cores Total Execution 
Time/s

Jobs Average Job 
execution time/s

Efficiency (%)

VINA 322 1214530 25690 3412 22.4
VSW 64 331016 191 96390 86.9

V in a : 1 3 1  jo b s  e x c e e d  1 2 5 0 0  s .
S o m e  jo b s   r e a c h  n e a r  7 0 0 0 00  s . 

E f f ic ie n t v in a  jo b  m a n a g e r  to  b e  d e v e lo p e d

V in a  s u p p o r t S M P  p a r a l le l iz a t io n
+

E f f ic ie n t jo b  g r o u p e d  a lg o r i t h m  is  n e e d e d

V S W  a lr e a d y  h a s  a  e f f ic ie n t jo b  m a n a g e r



  

Scoring functions

• AD4: Statistical, force-field-based, with 
entropy and solvation energy terms (Huey, 
J Comp Chem, 2007).

• Vina: Statistical scoring function (Trott, J 
Comp Chem, 2010)

• Glide:  Empirical + force-field-based 
(Friesner, J Med Chem, 2004)



  

Filtering rules (I): Simple rulesCONSENSUS

• The 999 rule: ALL the three docking programs must provide ∆G ≤ -9 kcal/mol 
• VERY RESTRICTIVE! Selects 102 molecules, 75 unique compounds

• The 997 rule:  ∆GGlide ≤ -9 kcal/mol  + ∆GVina ≤ -9 kcal/mol + ∆GAD4 ≤ -7kcal/mol
• SOFT rule, but still needs that all the 3 docking programs agree. 2442 
molecules, but 996 unique compounds

Distribution of scores 
(histogram of frequencies) 
for the different docking 
programs: Glide, Vina and 
AD4



  

SAM VOSAM VO Experimental Screening Results

999 filter 997 filter

~ 1000 
compounds

1.3M molecules (initial database)

75 
compounds

1st biological assay (under development) Looking forward!
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