


What is docking? 
“Best ways to put two molecules together.” 

Molecular Docking: the prediction of the optimal  
bound conformation of two molecules exerting  
geometrical and chemical complementarity. 
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   Ac$ve HIV protease is
 required for viral
 infec$vity  

   PDB code: 1hvr 
   Co‐cristallized inhibitor:

 XK2 

   Chembridge 
   5 Ramdom compounds 



Today example 
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1hvr:  
HIV-1 Protease  

1hvr_lig:  
Co‐cristallized  
inihibitor 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Docking Programs 
•  DOCK: (Kuntz et al. 1982) 
•  DOCK 4.0 (Ewing & Kuntz 1997) 
•  AutoDOCK (Morris et al. 1998)  

•  GOLD (Jones et al. 1997) 
•  FlexX: (Rarey et al. 1996)  
•  GLIDE: (Friesner et al. 2004) 
•  ADAM (Mizutani et al. 1994) 
•  CDOCKER (Wu et al. 2003) 

•  CombiDOCK (Sun et al. 1998) 

•  DIVALI (Clark & Ajay 1995) 
•  DockVision (Hart & Read 1992) 

•  FLOG (Miller et al. 1994)  

•  GEMDOCK (Yang & Chen 2004) 

•  Hammerhead (Welch et al. 
1996) 

•  LIBDOCK (Diller & Merz 2001) 
•  MCDOCK (Liu & Wang 1999) 

•  PRO_LEADS (Baxter et al. 1998) 
•  SDOCKER (Wu et al. 2004) 
•  QXP (McMar$n & Bohacek 

1997) 
•  Validate (Head et al. 1996) 
•  .... 



Autodock 

 Automated docking of flexible ligands to macromolecules
 and designed to predict how small molecules, such as
 substrates or drug candidates, bind to a receptor of
 known 3D structure. 

 When is AutoDock not suitable 
  No 3D structures available; 
  Modelled structure of poor quality; 
  Too many (torsions, atoms, types); 
  Target protein too flexible. 



How a Genetic algorithm works… 

 Genetic algorithm is inspired by evolutionary biology 

 Genotype = Ligand conformation : a chromosome
 constitued by real valued genes representing:  
  Ligand translational 
  Ligand orientational 
  Ligand conformational 

 Phenotype = Coordinates of given conformation 

Degrees of freedom  



Autodock 
 For each run, Autodock successively: 

  Create a population of individuals 
  Assign a random translation, a random orientation and x random

 torsions to each individual 
  Begin Lamarckian Genetic Algorithm (LGA), with a maximum of

 energy evaluations and maximum generations 

 Final Lamarkian genetic algorithm docked state 
  At the end of each run, Autodock outputs a result which is the

 lowest docked energy conformation of the ligand it found during
 that run 

Lower energy are “better” and in the genetic algorithm “fitter” > RANK 



Scoring function 
 Scoring function takes a pose as input and returns a number

 indicating the likelihood that the pose represents a favorable
 binding interaction  

Molecular  
mechanics 



Grid Maps 

  Autogrid pre-calculate grid maps, one
 for each atom type present in the
 ligand database + electrostatic map 

  Docking calculations extremely fast
 ~100x faster 

  A grid map consists of a three
 dimensional lattice of regularly spaced
 points surrounding the active site 

  Each point within the grid map stores
 the potential energy of a “probe” atom
 that is due to all the atoms in the
 macromolecule 



Preparation with Autogrid 
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Manually  
with AutodockTools 

Macromolecule 

PDBQS 

Ligand Database 

PDB PDB or Mol2 

PDBQ All atom types 
 in database 

Macromolecule. glg 
Macromolecule.atom.map 
Macromolecule.e.map 
Macromolecule.maps.fld 
Macromolecule.maps.xyz 

Macromolecule.gpf 

Prepare_ligand.py 

Manually with ADT 

Autogrid3 

SEs 
Autodock 

Protein 

Compounds 

 AMGA 



Visit http://www.pdb.org/ 
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Download 



About protein preparation 
 Structure from PDB is often uncorrect 

 Check integrity of protein structure: 
–  Presence of all atoms in all amino acid side-chains 
–  �Bump� check to ensure all amino acid side chains atoms are not overlapping in

 the model 
–  PROCHECK is a suite of programs to check the stereochemical quality of

 protein structures 

 Remove all non essential heteroatoms: 
–  Non-essential water molecules from the structure 
–  Co-cristallized ligands - > save coordinates of known inhibitor in a new file 

 Energy minimization is not mandatory to perform before
 docking. But yes, if you do it, you would get more genuine
 results.  
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PDB => PDBQS 

14 

 Using AutodockTools: 
–  Add polar Hs. (Bonded to heteroatoms like nitrogen or oxygen)  
–  Remove non-polar Hs (bonded to carbon atoms) 

–  Edit > Delete > Delete Hydrogens 
–  Edit > Hydrogens > Add > Polar Only > No Bond Order > Yes to Renumbering 

 Consider pH : Histidines 
–  File > Load Module > RepairCommands 
–  Edit Hydrogens > Edit Histidines Hydrogens > select HE2 

 (neutral, HD1; neutral, HE2; or protonated) 

 Create PDBQS file 
−  Grid > Macromolecule > Choose Macromolecule (AG3) 
    Automatically :  
    *Added Kollman charges 
    *Merge Non-Polar Hydrogens 
    *Added solvation parameters 



 TARGET: protein.tar.gz 
  1hvr_rec.pdbqt                 Target in autodock4 format 
  1hvr_rec.A.map 
  1hvr_rec.C.map 
  1hvr_rec.HD.map     Floating point number : grid point energies 
  1hvr_rec.N.map 
  1hvr_rec.OA.map 
  1hvr_rec.e.map 
  1hvr_rec.d.map 
  1hvr_rec.maps.fld     Check that all the maps it reads in are compatible 
  1hvr_rec.maps.fld     Size of the grid box in each dimension x, y, z  

 LIGANDS: ligands.tar.gz 
  1hvr_lig.pdbqt     Co-crystallized ligand   
  4001115_1.pdbqt    Chembridge ligands 
  4001464_1.pdbqt 
  4001711_1.pdbqt 
  4002723_1.pdbqt  
  4002577_1.pdbqt 
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Your files 



Your files 

 DOCKING PARAMETER FILE: dpf.tar.gz 
  1hvr_lig.dpf   
  4001115_1_1hvr_rec.dpf   
  4001464_1_1hvr_rec.dpf 
  4001711_1_1hvr_rec.dpf 
  4002723_1_1hvr_rec.dpf 
  4002577_1_1hvr_rec.dpf 

 SOFTWARE: autodock4.tar.bz2 
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Docking parameter file 

Link to map file 

Translation/Quaternion/Torsions 

Output Level, 0 = minimal 

Genetic algorithm parameters 

Local Search parameters 

Docking runs / Clustering 

Ligand 



Starting…. 

 Connect to the UI 
$ ssh kualalumpurXX@glite-tutor.ct.infn.it  

 Passwd: GridKUAXX 
 where XX=01.,,35 

 Start your proxy  
$ voms-proxy-init –voms gilda 
    PassPhrase : KUALALUMPUR   



Input files 

 Make docking directory in your home 

$ mkdir docking 

 Copy input files in your home and untar archive 
$ cp /tmp/data_docking/* ./docking 
$ cd docking 
$ tar zxvf ligands.tar.gz 
$ tar zxvf protein.tar.gz 
$ tar zxvf dpf.tar.gz  

 Make a single archive 
$ tar cvzf input.tar.gz  *.dpf *.pdbqt  1hvr_rec* 
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Exercice 2 
Glite SUBMISSION 



Store input data 
 Select your storage element 
$ lcg-infosites --vo gilda se 

 Copy and register data on grid 
$ lcg-cr --vo gilda -d aliserv6.ct.infn.it -l lfn:/grid/gilda/users/kualalumpurXX

/input.tar.gz file:/home/kualalumpurXX/docking/input.tar.gz 

$ lcg-cr --vo gilda -d aliserv6.ct.infn.it -l lfn:/grid/gilda/users/kualalumpurXX
/autodock4.tar.bz2  file:/home/kualalumpurXX/docking/autodock4.tar.bz2 



Docking.sh 
 Edit the script and change modify 



Docking.jdl 
Type = "Job"; 
JobType = "Normal"; 
Executable = "/bin/bash"; 
StdOutput = "job.out"; 
StdError = "job.err"; 
InputSandbox = {"docking.sh"}; 
OutputSandbox = {"job.err","job.out"}; 
Arguments = "docking.sh"; 
ShallowRetryCount = 0; 



Job submission 
 Create a delegation ID to the WMS by creating a 
delegation identifier using your username 

$ glite-wms-job-delegate-proxy -d kualalumpurXX 

 Submit a job 

$ glite-wms–job-submit –d kualalumpurXX docking.jdl 



Check job status 

 Check your job status 

$ glite-wms-job-status https://gilda-lb-01.ct.infn.it:9000
/ST7NwtFLDUOLLsNQmo9BwA 

cleared 

submitted 

waiting 

ready 

scheduled 

running 

done 

Job Status 

outputready 



Retrieve your results 
 Retrieve you dlg from grid in your home 

$ for i in `cat list_dlg`; do lcg-cp  --vo gilda lfn:/grid/gilda/users
/kualalumpurXX/docking/$i file:`pwd`/$i ; done 

 Results analysis… 



Results analysis 
 Extract and rank Binding Energy for best conformations 
$ ./energy.sh 
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« The lowest is the best » 



Results analysis 

 Select best conformations and extract its coordinates
 from dlg file 

Copy the « best dlg » (having the lowest energy) in  
/home/kualalumpurXX/docking/results_analysis 

$ ./get_best_docking.sh 4002723_1_1hvr_rec.dpf.dlg 

 You obtain the docked conformation
 4002723_1_1hvr_rec.dpf.pdbq  
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Results-best conformation 

4002723_1 

4002723_1 
 docked 

1hvr_lig 



30 

Exercice 2 
WISDOM SUBMISSION 



Wisdom Production Env 
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AMGA 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Task Manager Interactions 



Task Submission process 



WISDOM submission 
 Store a tar.gz of all the necessary files on the grid 

–  Already done in the previous exercise 

 Service DOCKING.tar.gz is already deployed (/grid/gilda
/users/services/DOCKING.tar.gz) 

 Create a task 
–  Use the script createTask 
–  ./createTask -s {name_service} -u {nom_user} -a {arguments} 

•  With: 
–  Nom_service=DOCKING 
–  Nom_utilisateur=varennaXX 
–  Arguments=name of the archive without tar.gz: input 
–  ./createTask –s DOCKING -u varennaXX -a input 

–  Result obtain: 
•  {name_service}.{name_user}.{number} 

Example: DOCKING.varennaXX.7 



 WISDOM submission 

 Check the status of the task 
–  Use the script getStatus 

–  Put in parameter the TaskId 
–  Example:./getStatus DOCKING.varennaXX.7 
–  3 possible results: waiting, running, done 
–  You would be able to see the agents running on the following web site: 

http://amga02.lpc-rd.fr/plate-forme-bioInfo/ 

 Retrieve the results 
–  Results are stored in: /grid/gilda/users/varennaXX/docking/ 
–  The name of the archive created corresponds to {name of the

 archive}_result.tar.gz 


