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AutoDock is a suite of automated docking tools. It is designed to predict 
how small molecules, such as substrates or drug candidates, bind to a 
receptor of known 3D structure. 

http://autodock.scripps.edu 

AutoDock 

AutoDock 4 is free and is available under the GNU General Public License.  
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AutoDock Vina 

Because the scoring functions used by AutoDock 4 and AutoDock Vina are different 
and inexact, on any given problem, either program may provide a better result. 

http://vina.scripps.edu/ 

AutoDock Vina is available under the Apache license, allowing commercial and 
non-commercial use and redistribution.  
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http://autodock.scripps.edu/downloads 

These programs were installed on VM. 
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http://mgltools.scripps.edu/ 

AutoDockTools (ADT) is developed to help set up the docking.  
ADT is included in MGLTools packages. 



6 

In general, each docking (AutoDock 4 and/or AutoDock Vina) requires:  
1. structure of the receptor (protein), in pdbqt format 
2. structure of the ligand (small molecule, drug, etc.) in pdbqt format 
3. docking and grid parameters (search space) 

PDBQT format is very similar to PDB format but it includes partial 
charges ('Q') and AutoDock 4 (AD4) atom types ('T').  
• Preparing the ligand involves ensuring that its atoms are assigned the 

correct AutoDock4 atom types, adding Gasteiger charges if necessary, 
merging non-polar hydrogens, detecting aromatic carbons if any, and 
setting up the 'torsion tree'. 

• Preparing the receptor involves ensuring that its atoms conform to the 
AutoDock4 atom types by adding Gasteiger charges if necessary, merging 
non-polar hydrogens and detecting aromatic carbons.  
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http://autodock.scripps.edu/faqs-help/faq/what-is-the-format-of-a-pdbqt-file 

Both ligand and receptor PDBQT files used for the standard AutoDock 
4 force field have additional requirements:  
• Gasteiger PEOE partial charges. 
• A united-atom representation (i.e. only polar hydrogens).  A united 

atom representation can be obtained by first computing the partial 
charges for an all-hydrogen model of the molecule. Then, for each 
non-polar heavy atom that has any hydrogens bonded to it, the 
partial charge of the hydrogen should be added to that of the 
bonded heavy atom, then this hydrogen atom can be deleted. 

Ideally, the structure of protein and ligand should already 
have all hydrogens added. 
 
Most structures were solved by X-ray so the protons are 
missing in the PDB file. 
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Add hydrogens and/or charges to the structure 

• UCSF Chimera 
 
 
• Open Babel 

Open Babel is a chemical toolbox, which can be used for 
converting files, molecular searching, hydrogen addition and 
deleting, Gasteiger-Marsili partial charge calculation, etc. 
http://openbabel.org 

 
• pdb2pqr  

pdb2pqr prepares structures for further calculations by 
reconstructing missing atoms, adding hydrogens, assigning 
atomic charges and radii from specified force fields, and 
generating PQR files. PQR files are PDB files where the 
occupancy and B-factor columns have been replaced by per-
atom charge and radius. 
http://www.poissonboltzmann.org  
http://nbcr-222.ucsd.edu/pdb2pqr_2.1.1 (web server) 
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$cd ~/FCDD_tutorials 
$ls 
$cd ~/FCDD_tutorials 
$ls 

Upload the ligand and protein PDB to VM server. 

11 
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$cd ~/FCDD_tutorials/docking 

$mkdir 1_preparation 

$cp 1cqp_1_protein.pdb 1cqp_1_ligand.pdb ./1_preparation  
$cd 1_preparation 
 
 
$obabel -ipdb 1cqp_1_ligand.pdb \  
   -omol2 -O 1cqp_1_ligand_wH.mol2 -p 7.4 
 
 
$/opt/pdb2pqr/pdb2pqr  --with-ph=7.4 \ 
 --ph-calc-method=propka --apbs-input \ 
 --ff=amber --ffout=amber --verbose --summary \
 1cqp_1_protein.pdb 1cqp_1_protein.pqr 
 
 
## use scripts from ADTools to prepqre pdbqt file 
$prepare_ligand4.py -l 1cqp_1_ligand_wH.mol2 -v -o ligand.pdbqt 
$prepare_receptor4.py -r 1cqp_1_protein.pqr -v -o receptor.pdbqt 

  

$cd ~/FCDD_tutorials/docking 

$mkdir 1_preparation 

$cp 1cqp_1_protein.pdb 1cqp_1_ligand.pdb ./1_preparation  
$cd 1_preparation 
 
 
$obabel -ipdb 1cqp_1_ligand.pdb \  
   -omol2 -O 1cqp_1_ligand_wH.mol2 -p 7.4 
 
 
$/opt/pdb2pqr/pdb2pqr  --with-ph=7.4 \ 
 --ph-calc-method=propka --apbs-input \ 
 --ff=amber --ffout=amber --verbose --summary \
 1cqp_1_protein.pdb 1cqp_1_protein.pqr 
 
 
## use scripts from ADTools to prepqre pdbqt file 
$prepare_ligand4.py -l 1cqp_1_ligand_wH.mol2 -v -o ligand.pdbqt 
$prepare_receptor4.py -r 1cqp_1_protein.pqr -v -o receptor.pdbqt 

  

Prepare structure files 
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http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-ligand-file-for-autodock4 

http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-receptor-file-for-autodock4 
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Search Space 

• center (X, Y, Z coordinate of the center)  
• dimension (size in the X, Y, Z dimension) 

AutoDock 4 performs the docking of the 
ligand to a set of grid maps describing the 
target protein. These grids are pre-
calculated by autogird4. The search space 
is defined by these grids in terms of grid 
points, grid spacing, and grid center. 
 
 
AutoDock Vina does not require pre-
calculating grid maps. Instead, it calculates 
the grids internally, for the atom types that 
are needed, and it does this virtually 
instantly. The search space is defined by 
the dimension in Angstrom and the center 
coordinates. 

dimension (Å ) = grid spacing x ( number of grid points – 1) 
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http://mgltools.scripps.edu/ 

AutoDockTools (ADT) is developed to help set up the docking.  
ADT is included in MGLTools packages. 
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Launching AutoDockTools 
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read in receptor.pdbqt and ligand.pdbqt   



18 

change the presentation of molecules  

L: lines 
B: ball and stick 
C: atomic spheres 
R: ribbon 
MS: molecular surface 
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Choose Grid  → Macromolecules → Choose   
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Choose Grid  → Set Map Types → Choose Ligand  
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Choose Grid  → Grid Box 
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Adjust grid parameters to make sure the grid box can cover the entire 
ligand and the binding pocket. 
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Grid Options 
Choose Center  → Center on ligand 
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Grid Options 
Choose File  → Output grid dimensions file 

Grid Options 
Choose File  → Close saving current 
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AutoDock 4 
spacing    0.375 
npts       42 44 42 
center    52.963 21.221 22.580 
 
 
AutoDock Vina 
 0.375x41=15.375 
 0.375x43=16.125 
dimensions 15.375 16.125 15.375 
center    52.963 21.221 22.580 

Search Space 



$pwd 

$cd .. 
$mkdir 2_docking 
$cd 2_docking 
$mkdir autodock4 autodock_vina 
$cd autodock4 
$cp ../../1_preparation/*.pdbqt ./ 
 
##prepare grid parameter and docking parameter files 
$prepare_gpf4.py -l ligand.pdbqt -r receptor.pdbqt 
$prepare_dpf4.py -l ligand.pdbqt -r receptor.pdbqt 
##edit grid parameter file (receptor.gpf) 
$vi receptor.gpf 
##edit docking parameter file (ligand_receptor.dpf) 
$vi ligand_receptor.dpf 
 
## generate grid maps 
$autogrid4 -p receptor.gpf -l receptor.glg 
## perform docking 
$autodock4 -p ligand_receptor.dpf -l ligand_receptor.dlg 
 

$pwd 

$cd .. 
$mkdir 2_docking 
$cd 2_docking 
$mkdir autodock4 autodock_vina 
$cd autodock4 
$cp ../../1_preparation/*.pdbqt ./ 
 
##prepare grid parameter and docking parameter files 
$prepare_gpf4.py -l ligand.pdbqt -r receptor.pdbqt 
$prepare_dpf4.py -l ligand.pdbqt -r receptor.pdbqt 
##edit grid parameter file (receptor.gpf) 
$vi receptor.gpf 
##edit docking parameter file (ligand_receptor.dpf) 
$vi ligand_receptor.dpf 
 
## generate grid maps 
$autogrid4 -p receptor.gpf -l receptor.glg 
## perform docking 
$autodock4 -p ligand_receptor.dpf -l ligand_receptor.dlg 
 26 

Docking with Autodock4 

AutoDock 4 
spacing    0.375 
npts       42 44 42 
center    52.963 21.221 22.580 
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The grid parameter file specifies an AutoGrid calculation, including the size 
and location of the grid, the atom types that will be used, the coordinate file 
for the rigid receptor, and other parameters for calculation of the grids. 

AutoDock4 Grid Parameter File: GPF 
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AutoDock4 Docking Parameter File: DPF 

The docking parameter file 
specifies the files and 
parameters for an AutoDock 
calculation, including the map 
files that will be used for the 
docking, the ligand coordinate 
files, and parameters for the 
search. 
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http://autodock.scripps.edu/faqs-help/manual 
 AutoDock 4.2 User Guide 
http://autodock.scripps.edu/faqs-help/how-to 
 How to prepare a grid parameter file for AutoGrid 4 
 How to prepare a docking parameter file for AutoDock4 
 How to prepare a flexible residue file for AutoDock4 
http://autodock.scripps.edu/faqs-help/tutorial  
 Using AutoDock 4 with AutoDockTools 
 Using AutoDock 4 for Virtual Screening 

Water, metal ion, covalent bond involved? 
• Hydrated ligand docking  
• AutoDock force field for ZN metalloproteins  
• AutoDock4 covalent docking  

http://autodock.scripps.edu/faqs-help/manual/autodock-4-2-user-guide
http://autodock.scripps.edu/faqs-help/manual/autodock-4-2-user-guide
http://autodock.scripps.edu/faqs-help/manual/autodock-4-2-user-guide
http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-grid-parameter-files-for-autogrid4
http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-grid-parameter-files-for-autogrid4
http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-grid-parameter-files-for-autogrid4
http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-grid-parameter-files-for-autogrid4
http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-docking-parameter-file-for-autodock4-1
http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-docking-parameter-file-for-autodock4-1
http://autodock.scripps.edu/faqs-help/how-to/how-to-prepare-a-flexible-residue-file-for-autodock4
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock-4-with-autodocktools
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock-4-with-autodocktools
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock-4-with-autodocktools
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock-4-with-autodocktools
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock-4-with-autodocktools
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock4-for-virtual-screening
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock4-for-virtual-screening
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock4-for-virtual-screening
http://autodock.scripps.edu/faqs-help/tutorial/using-autodock4-for-virtual-screening
http://autodock.scripps.edu/resources/autodock-hydrated-docking
http://autodock.scripps.edu/resources/autodock-hydrated-docking
http://autodock.scripps.edu/resources/autodock-hydrated-docking
http://autodock.scripps.edu/resources/autodockzn-forcefield
http://autodock.scripps.edu/resources/autodockzn-forcefield
http://autodock.scripps.edu/resources/autodockzn-forcefield
http://autodock.scripps.edu/resources/autodockzn-forcefield
http://autodock.scripps.edu/resources/autodockzn-forcefield
http://autodock.scripps.edu/resources/covalentdocking
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##results 
$vi ligand_receptor.dlg 
##results 
$vi ligand_receptor.dlg 

Estimated Free Energy of Binding  in kcal/mol 
Estimated Inhibition Constant(Ki)   
Estimated Free Energy of Binding  in kcal/mol 
Estimated Inhibition Constant(Ki)   

$grep "RANKING" ligand_receptor.dlg > ranking.txt $grep "RANKING" ligand_receptor.dlg > ranking.txt 
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## get conformation of the lowest energy ligand 
$write_lowest_energy_ligand.py -f ligand_receptor.dlg 
 
## convert pdbqt to pdb 
$pdbqt_to_pdb.py -f ligand_BE.pdbqt 
 
 
## get conformations from docking result (dlg) file 
$write_conformations_from_dlg.py -d ligand_receptor.dlg 
$mkdir poses 
$mv ligand_*.pdbqt poses 
 
 
## make complexes structure 
$write_all_complexes.py -d ligand_receptor.dlg -r receptor.pdbqt 
$mkdir complexes 
$mv receptor_ligand_*.pdbqt complexes 
 

 
## get conformation of the lowest energy ligand 
$write_lowest_energy_ligand.py -f ligand_receptor.dlg 
 
## convert pdbqt to pdb 
$pdbqt_to_pdb.py -f ligand_BE.pdbqt 
 
 
## get conformations from docking result (dlg) file 
$write_conformations_from_dlg.py -d ligand_receptor.dlg 
$mkdir poses 
$mv ligand_*.pdbqt poses 
 
 
## make complexes structure 
$write_all_complexes.py -d ligand_receptor.dlg -r receptor.pdbqt 
$mkdir complexes 
$mv receptor_ligand_*.pdbqt complexes 
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Docking with Autodock Vina 

$cd ../autodock_vina 

$cp ../../1_preparation/*.pdbqt ./ 
 
##perform docking 
$vina --receptor receptor.pdbqt --ligand ligand.pdbqt  \ 
        --center_x 52.963 --center_y 21.221 --center_z 22.58 \ 
        --size_x 15.375 --size_y 16.125 --size_z 15.375 \ 
        --out vina_out.pdbqt --log vina.log 
 
##put some parameters in the config.txt file 
$vi config.txt 
$vina --config config.txt  --log vina.log 
 
 
   $vina –-config configB.txt -–ligand ligandB.pdbqt  \ 
            --out outB.pdbqt –log vinaB.log 

 
 

$cd ../autodock_vina 

$cp ../../1_preparation/*.pdbqt ./ 
 
##perform docking 
$vina --receptor receptor.pdbqt --ligand ligand.pdbqt  \ 
        --center_x 52.963 --center_y 21.221 --center_z 22.58 \ 
        --size_x 15.375 --size_y 16.125 --size_z 15.375 \ 
        --out vina_out.pdbqt --log vina.log 
 
##put some parameters in the config.txt file 
$vi config.txt 
$vina --config config.txt  --log vina.log 
 
 
   $vina –-config configB.txt -–ligand ligandB.pdbqt  \ 
            --out outB.pdbqt –log vinaB.log 

 
 

AutoDock Vina 
dimensions 15.375 16.125 15.375 
center    52.963 21.221 22.580 

receptor = receptor.pdbqt 
ligand = ligand.pdbqt 
center_x = 52.963 
center_y = 21.221 
center_z = 22.58 
size_x = 15.375 
size_y = 16.125 
size_z = 15.375 
out = out.pdbqt 

receptor = receptor.pdbqt 
ligand = ligand.pdbqt 
center_x = 52.963 
center_y = 21.221 
center_z = 22.58 
size_x = 15.375 
size_y = 16.125 
size_z = 15.375 
out = out.pdbqt 

receptor = receptor.pdbqt 
center_x = 52.963 
center_y = 21.221 
center_z = 22.58 
size_x = 15.375 
size_y = 16.125 
size_z = 15.375 

receptor = receptor.pdbqt 
center_x = 52.963 
center_y = 21.221 
center_z = 22.58 
size_x = 15.375 
size_y = 16.125 
size_z = 15.375 
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http://vina.scripps.edu/tutorial.html 
 https://youtu.be/-GVZP0X0Tg8 
 
http://vina.scripps.edu/download.html 

https://youtu.be/-GVZP0X0Tg8
https://youtu.be/-GVZP0X0Tg8
https://youtu.be/-GVZP0X0Tg8
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##results 
$vi out.pdbqt 
 
 
$grep "REMARK VINA RESULT" out.pdbqt 
 
 
## get conformations from outout.pdbqt 
$/opt/autodock_vina/bin/vina_split --input out.pdbqt \ 
        --ligand vinaDock_ 
 
$pdbqt_to_pdb.py -f vinaDock_1.pdbqt 
$mkdir poses 
$mv vinaDock_*.pdbqt poses 
 

##results 
$vi out.pdbqt 
 
 
$grep "REMARK VINA RESULT" out.pdbqt 
 
 
## get conformations from outout.pdbqt 
$/opt/autodock_vina/bin/vina_split --input out.pdbqt \ 
        --ligand vinaDock_ 
 
$pdbqt_to_pdb.py -f vinaDock_1.pdbqt 
$mkdir poses 
$mv vinaDock_*.pdbqt poses 
 

The predicted binding 
affinity is in kcal/mol. 
The predicted binding 
affinity is in kcal/mol. 
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Download docked poses  (AutoDock4 and AutoDock Vina) 
Use chimera to view the protein structure and the docked poses 

Choose Tools  → Surface/Binding Analysis → ViewDock  
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Virtual Screening with Autodock Vina 

One receptor and a set of search space  
Many small molecules  

## prepare small molecules 
## downlod dbfda-interesting.sdf from ZINC15 
$mkdir mol2 pdbqt 
$cd mol2 
$obabel -isdf ../dbfda-interesting.sdf -omol2 -Ofda_.mol2 \ 
              -p 7.4 --append zinc_id -m 
$cd ../ 
$obabel -isdf dbfda-interesting.sdf -osmi -O dbfda.smi \ 
   --append zinc_id –addoutindex 
 
$sh prepare_ligand.sh 

## prepare small molecules 
## downlod dbfda-interesting.sdf from ZINC15 
$mkdir mol2 pdbqt 
$cd mol2 
$obabel -isdf ../dbfda-interesting.sdf -omol2 -Ofda_.mol2 \ 
              -p 7.4 --append zinc_id -m 
$cd ../ 
$obabel -isdf dbfda-interesting.sdf -osmi -O dbfda.smi \ 
   --append zinc_id –addoutindex 
 
$sh prepare_ligand.sh 

#! /bin/bash 
cd mol2 
for f in fda_*.mol2; do 
    b=`basename $f .mol2` 
    echo Processing ligand $f $b.pdbqt 
    prepare_ligand4.py -l $f -o $b.pdbqt 
    mv $b.pdbqt ../pdbqt 
done 
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## perform docking for each small molecules 
$vi configB.txt 
$sh vina_screen.sh 

## perform docking for each small molecules 
$vi configB.txt 
$sh vina_screen.sh 

#! /bin/bash 
 
mkdir dock 
cd pdbqt 
for f in fda_*.pdbqt; do 
    b=`basename $f .pdbqt` 
    echo Processing ligand $b 
    mkdir -p ../dock/$b 
    /opt/autodock_vina/bin/vina --config ../configB.txt --ligand $f \ 
                            --out ../dock/${b}/${b}_docked.pdbqt \ 
                                        --log ../dock/${b}/log.txt 
 
    /opt/autodock_vina/bin/vina_split \ 
                       --input   ../dock/${b}/${b}_docked.pdbqt \  
                                   --ligand ../dock/${b}/${b}_vd 
 
done 

receptor = receptor.pdbqt 
center_x = 52.963 
center_y = 21.221 
center_z = 22.58 
size_x = 15.375 
size_y = 16.125 
size_z = 15.375 

receptor = receptor.pdbqt 
center_x = 52.963 
center_y = 21.221 
center_z = 22.58 
size_x = 15.375 
size_y = 16.125 
size_z = 15.375 
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## perform docking for each small molecules 
$cd dock 
$grep "VINA RESULT" */fda_*vd*.pdbqt | sort -k4 -r | sed -e 
's/:REMARK VINA RESULT://g' > sum.txt 
 

## perform docking for each small molecules 
$cd dock 
$grep "VINA RESULT" */fda_*vd*.pdbqt | sort -k4 -r | sed -e 
's/:REMARK VINA RESULT://g' > sum.txt 
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Databases for virtual Screening 

• ZINC  
A free database of commercially-available compounds for virtual 
screening. ZINC contains over 230 million purchasable compounds in 
ready-to-dock, 3D formats. ZINC also contains over 750 million 

purchasable compounds you can search.  
http://zinc15.docking.org/  
http://zinc.docking.org/pdbqt/ 

 
• NCI Diversity Set 
  https://wiki.nci.nih.gov/display/NCIDTPdata/Compound+Sets  

 
• PDBbind 

http://www.pdbbind.org 
http://www.pdbbind.org.cn/  

 

http://zinc15.docking.org/
http://zinc15.docking.org/
http://zinc15.docking.org/
http://zinc.docking.org/pdbqt/
https://wiki.nci.nih.gov/display/NCIDTPdata/Compound+Sets
https://wiki.nci.nih.gov/display/NCIDTPdata/Compound+Sets
http://www.pdbbind.org/
http://www.pdbbind.org.cn/
http://www.pdbbind.org.cn/


http://zinc.docking.org/pdbqt/ 
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http://zinc15.docking.org/ 


