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DISCLAIMER!

Credit should go to Dr. Ruth Huey and Dr. Garret M. Morris
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What is AutoDock?
- 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. 2007-04-19
AutoDock actually consists of two main programs: AutoDock performs the docking of the ligand to a set
of grids describing the target protein; AutoGrid pre-calculates these grids., ]
In addition to using them for docking, the atomic affinity grids can be visualised. This can help, for
example, to guide organic synthetic chemists design better binders. 2007-04-18
We have also developed a graphical user interface called @ Aut , or ADT for short, which )
amongst other things helps to set up which bonds will treated as rotatable in the ligand and to analyze =
dockings.
AutoDock has applications in 2006-10-10

= X-ray crystallography:

= structure-based drug design; .
lead optimization - T :
primization: )_( N SuMo TuWe Th Fr a7

= virtual serpaning (HTS) —d DI T

http://AutoDock.scripps.edu
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Nomenclature

Ligand: Structure (usually a small molecule) that binds to the binding site.
Receptor: Structure (usually a protein) that contains the active binding site.

Binding site: Set of aminoacids (residues) that physically interact with the
lingad (usually @ 6 Anstroms).




What is docking?

Predicting the best ways two molecules interact.

¢ Obtain the 3D structures of the two molecules
¢ Locate the best binding site (Remember AnnoLyze?)
& Determine the best binding mode.




What is docking?

Predicting the best ways two molecules interact.

¢ We need to quantify or rank solutions
& We need a good scoring function for such ranking




What is docking?

Predicting the best ways two molecules interact.

& X-ray and NMR structures are just ONE of the possible solutions
<& There is a need for a search solution




BIOINFORMATICS (a note)

REPRESENTATION
SCORING
SAMPLING




REPRESENTATION
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SCORING

AutoDock 4.0

AGbinding - AGvdW + AGelec + AGhbond + AGdesolv +AG
AGvdW
12-6 Lennard-Jones potential L '
AGelec
B

Coulombic with Solmajer-dielectric "~ 4" — =%
AGhbond

12-10 Potential with Goodford Directionality
A(';desolv = ‘
Stouten Pairwise Atomic Solvation Parameters "_ L
AC’tors |
Number of rotatable bonds /,:i"‘

http://AutoDock.scripps.edu/science/equations

tors
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SAMPLING
AutoDock 4.0

¢ Global search algorithms
¢ Simulated annealing (Goodsell et al. 1990)
& Distributed SA (Morris et al. 1996)
& Genetic Algorithm (Morris et al. 1998)

¢ Local search algorithms
& Solis & Wets (Morris et al. 1998)

¢ Hybrid global-local search
& Lamarckian GA (Morris et al. 1998)




PROBLEM!

Very CPU time consuming...

N=T360/i

N: number of conformations
I: number of rotable bonds
[: incremental degrees
Metotrexato
10 rofable bonds
30° increments (discrete)
10'2 plausible conformations!

Dihidrofolate reductase with a metotrexate (4dfr.pdb)




SOLUTION

Use of grid maps!

Saves lots of time (compared to classical MM/MD)
AutoDock uses trilinear interpolation

Need to map each atom to a grid point

Limits the search space!




AutoGrid

Use of grid maps!

& Center of grid
¢ center of ligand
& center of receptor
¢ a selected atom or coordinate

& Grid resolution (spacing) -_—
¢ default 0.375 Angstroms

& Number of grid points (dimension)
& use ONLY even numbers

¢ MAKE SURE ALL LIGAND IS INSIDE GRID AND CAN MOVE!




Spectrum of search
Breadth and level of detalil

Search breadth Level of detail
& Atom types
& Local yp .
: ¢ Bond stretching
& Molecular Mechanics .
. ¢ Bon-angle bending
¢ Intermediate . . .
¢ Rotational barrier poyentials

¢ Monte Carlo Simulated Annealing
¢ Brownian dynamics

_ Implicit solvation
¢ Molecular Dynamics P .
Polarization
& Global

& O

¢ Docki
ocking ¢ What is rigid and what is flexible?




Perturb

Search algorithms
Simulated Annealing

Ligand starts at initial state (random or
user-defined)

The temperature of the system is reduced
with time and the moves of the atoms are
accepted depending on its energy
compared to previous energy (with a
probability proportional to the temperature!)

Repeat until reaching final solution.




Search algorithms
Genetic Algorithm

Use of a Genetic Algorithm as a sampling method

* Each conformation is described as a set of
rotational angles.

* 64 possible angles are allowed to each of the bond OH
in the ligand.

e Each plausible dihedral angle is codified in a set of
binary bits (26=64)

 Each conformation is codified by a so called
chromosome with 4 x 6 bits (O or 1)

‘I11010.010110}.001011.010010 O
(I)] (1)2 H

D = 1x2%+ 1x24+ 1x23 + 0x22 + 1x2' + 0x2° = 58°




Population

Search algorithms
Genetic Algorithm

(ie, set of chromosomes or configurations)

011010.010110.011010.010111 <+— Chromosome
111010.010110.001011.010010

001010.010101.000101.010001
101001.101110.101010.001000
001010.101000.011101.001011

e

Gene




Search algorithms
Genetic Algorithm

Genetic operators...

H,N OH

011010.010110.011010.010111

Single
mutation

v

O@T_{) 011010.011110.011110.010111




Search algorithms
Genetic Algorithm

Genetic operators...

001010.010101.000101.010001
011010.010110.011010.010111

H\

H,N OH
7 O—HOH
!

HoN- O Recombination
H\
O\@MOH
HN O 001010.010101.011010.010111
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i
Ha OH

011010.010110. 000101.010001




Search algorithms
Genetic Algorithm

Genetic operators...

011010.010110.011010.010111 . . 111110.010010.011110.010101
111010.010110.001011.010010 MlgrqflOn 101010.110110.011011.011010
001010.010101.000101.010001 » 001010.010101.000101.010001
101001.101110.101010.001000 101101.101010.101011.001100

001010.101000.011101.001011 011010.100000.011001.101011




Search algorithms

Important to consider in AutoDock

Simulated annealing

¢ Initial temperature

o rtd = 61600 K
¢ Temperature reduction factor

O rtrf = 0.95 K/cycle
<& Termination criteria

& accepted moves (accs = 25,000)
¢ rejected moves (rejs = 25,000)
¢ annealing cycles (cycles = 50)

Genetic algorithm

Population size

& ga _pop_size = 300

Crossover rate

& ga crossover_rate = 0.8

Mutation rate

¢ ga _mutation_rate = 0.02

Solis and Wets local search (LGA only)

& sw_max_its = 300

Termination criteria

¢ ga num_evals = 25,000 (short)

¢ ga _num_evals = 250,000 (medium)
¢ ga_num_evals = 2,500,000 (large)
¢ ga num_generations = 27,000




AutoDock Example

Discovery of a novel binding trench in HIV Integrase

Schames, J.R., R.H. Henchman, J.S. Siegel, C.A. Sotriffer, H. Ni, and J.A. McCammon, Discovery of a novel binding trench in HIV integrase. J Med Chem, 2004. 47(8): 1879-81
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ISENTRESS example

¢ One structure known with 5CITEP
& Not clear (low resolution)
¢ Binding near to DNA interacting site
¢ Loop near the binding
¢ Docking + Molecular Dynamics
¢ AMBER snapshots

¢ AutoDock flexible torsions
thetetrazolering and indole ring.

Schames, J.R., R.H. Henchman, J.S. Siegel, C.A. Sotriffer, H. Ni, and J.A. McCammon, Discovery of a novel binding trench in HIV integrase. J Med Chem, 2004. 47(8): 1879-81




ISENTRESS example

Gly:140

Schames, J.R., R.H. Henchman, J.S. Siegel, C.A. Sotriffer, H. Ni, and J.A. McCammon, Discovery of a novel binding trench in HIV integrase. J Med Chem, 2004. 47(8): 1879-81




ISENTRESS example
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ENTRESS example
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Schames, J.R., R.H. Henchman, J.S. Siegel, C.A. Sotriffer, H. Ni, and J.A. McCammon, Discovery of a novel binding trench in HIV integrase. J Med Chem, 2004. 47(8): 1879-81




ISENTRESS example
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AutoDock

Goodsell, D. S. and Olson, A. J. (1990), Automated Docking of Substrates to Proteins by Simulated Annealing Proteins:Structure, Function and Genetics., 8: 195-202.

Morris, G. M., et al. (1996), Distributed automated docking of flexible ligands to proteins: Parallel applications of AutoDock 2.4 J. Computer-Aided Molecular Design, 10: 293-304.
Morris, G. M., et al. (1998), Automated Docking Using a Lamarckian Genetic Algorithm and and Empirical Binding Free Energy Function J. Computational Chemistry, 19: 1639-1662.
Huey, R., et al. (2007), A Semiempirical Free Energy Force Field with Charge-Based Desolvation J. Computational Chemistry, 28: 1145-1152.
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AutoDock 4.0
Where to get help...

How-tos — AutoDock
<> @ ¢ =2 + | A ¢ hup//autodock.scripps.edu/fags-help/how-to ~(Q- AutoDock 5

% AutoDock

) fags & help

you are here: - & - how-10s

navigation How-tos -
P Hom This section provides step-by-step instructions for how to accomplish common tasks with AutoDock. There are two intended
o audiences, named "User” and "Developer”, each with their own sections of How-tos. Let us know your suggestions for new
— How-tos. L
- User
= General
D rac '

L @ How to use this resource

¢ FA( A brief description of how you use and contribute to the Help Center.

@ Ho

) @ Positioning the ligand with ADT

This explains how 1o move a ligand independently of the macromolecule using the GUI, ADT (AutoDockTools).

ar @ Setting up AutoDockTools utility scripts

9 F Describes how to configure Python intepreter so that it can find packages from MGLTools. This How-to is intended for users

O Link who use precompiled Python interpreter that comes with MGLTools.

@ Clossary How To Get Help
=1 \j How to Subscribe to ADL

How to Subscribe to ADL, the AutoDock Mailing List.

Cow

— s & How to Unsubscribe from ADL

f )

- How to Unsubscribe from ADL, the AutoDock Mailing List
OPa
=] How To Get Started .

[

This How-to explains how to use the Python script 'prepare_ligand4.py’ to format a ligand file for AutoDock 4. Input files for

http://autodock.scripps.edu/fags-help/how-to
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AutoDock 4.0
AutoDock and ADT

AutoDock AutoDock Tools

1990 2000
Number crunching (CPU expensive) ¢ Visualizing set-up
Command-line! Graphical user interphase

C& C++ compiled Python interpreter




AutoDock 4.0

Alternatives
Progressive building ELEXX
DOCK
Conformational search MIMUMBA | GROW
COBRA GroupBUILD
° ° ° ° ° I-UDI
Binding site description crip AP LEGEND
SPROUT
Genetic algorithms ' coLp | BUILDER
GENSTAR
Others
Virtual screening
4‘ AutoDOCK MESS
. CONCEPTS
Molecular dynamcis
CAVEAT
Databases ECL)I‘;(NDA"ON
NEWLEAD
LEAPFROG




AutoDock 4.0

Why AutoDock over others

Cumulative # AutoDock Licenses

Cumulative # Citations
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AutoDock 4.0
Why AutoDock over others

ADAM
SANDOCK 1%
0,5% Soft Sousa, S.F., Fernandes, P.A. & Ramos, M.J. (2006)
o i Docking Protein-Ligand Docking: Current Status
mcpock ' QXP 4% and Future Challenges Proteins, 65:15-26
1% PRO 4%

6%

Hammerhead W
3%

GOLD
15%

FTDOCK ' FlexX i
FLOG 4 2%
1%
294

LEADS
3%
LUDI AutoDock
6% 27%
LIGIN
2%
ICM .

\ DARWIN
1%
DIVALI
1%
DOCK
6%

DockVision
2%

4%




Number of Citations

AutoDock 4.0

Why

Docking Programs - Trends

AutoDock over others

Most Common Docking Programs
2001 2002

2004 2005

FET

Sousa, S.F., Fernandes, P.A. & Ramos, M.J. (2006)
Protein-Ligand Docking: Current Status
and Future Challenges Proteins, 65:15-26

7% 8%
20% 6% 21% 24%
43%
20% b
17% 10% !
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AutoDock 4.0

Practical considerations

What problem does AutoDock solve?
Flexible ligands (4.0 flexible protein).

What range of problems is feasible?

Depends on the search method:
LGA > >> SA>>
S/ : can output trajectories, 1) < about 8 torsions.

[LGA : D < about 8-32 torsions.
When is AutoDock not suitable?
No 3D-structures are available;
Modelled structure of poor quality;
"T'oo many (32 torsions, 2048 atoms, 22 atom types);
Target protein too flexible.




AutoDock 4.0
Using AutoDock step-by-step

Set up ligand PDBQT—using ADT’s “Ligand” menu

OPTIONAL: Set up flexible receptor PDBQT —using
ADT’s “Flexible Residues” menu

Set up macromolecule & grid maps—using ADT’s “Grid”
menu

Pre-compute AutoGrid maps for all atom types in your set of
ligands—using “autogrid4”

Perform dockings of ligand to target—using “autodock4’,
and in parallel if possible.

Visualize AutoDock results—using ADT’s "Analyze” menu

Cluster dockings—using “analysis” DPF command in
“autodock4” or ADT’s “Analyze” menu for parallel docking
results.




AutoDock 4.0

AutoDock 4.0 file formats

Prepare the Following Input Files
Ligand PDBQT file
Rigid Macromolecule PDBQ'T file
Flexible Macromolecule PDBQ'T file ("Flexres”)

AutoGrid Parameter File (GPF)

GPF depends on atom types in:
Ligand PDBQT file
Optional flexible residue PDBQT files)

AutoDock Parameter File (DPF)

Run AutoGrid 4
Macromolecule PDBQT + GPEF —= Grid Maps, GLG

Run AutoDock 4

Grid Maps + Ligand PDBQT + [Flexres PDBQ'T +]
DPFEF —= DLG (dockings & clustering)

Run ADT to Analyze DLL.G




AutoDock 4.0

Things to know before using AutoDock

Ligand:
Add all hydrogens, compute Gasteiger charges, and merge
non-polar H; also assign AutoDock 4 atom types
Ensure total charge corresponds to tautomeric state
Choose torsion tree root & rotatable bonds
Macromolecule:

Add all hydrogens, compute Gasteiger charges, and merge
non-polar H; also assign AutoDock 4 atom types

Assign Stouten atomic solvation parameters

Optionally, create a flexible residues PDBQ'T in addition to
the rigid PDBQT file

Compute AutoGrid maps




AutoDock 4.0

Preparing ligands and receptors

AutoDock uses “‘United Atom’ model
Reduces number of atoms, speeds up docking

Need to:

Add polar Hs. Remove non-polar Hs.
Both Ligand & Macromolecule
Replace missing atoms (disorder).
Fix hydrogens at chain breaks.
Need to consider pH:

Acidic & Basic residues, Histidines.

Other molecules in receptor:
Waters; Cofactors; Metal ions.

Molecular Modelling elsewhere.




AutoDock 4.0
Good we have AutoDock Tools (ATD)

X! AutoDockTools

|| Fle Edit Select 3D Graphics  Display  Color  Compute  Grid3D  Hydrogen Bonds  Help

E1E & AL o =0 SR o

ADT4.0 Ligand  Flexible Residues  Grid  Docking  Run  Analyze

Atom  Chain SHA .
: CMD ¥
ik ¥ Mol RAS DG o Inst

¥ PMV Molecules . <><><><><><><><>
M 4CPA O<><><><><><><>

|Mod.:[None  Time:[0.014  Selected: [ IEEEISEMN Dane 100% off FR:[569 | " |
L 1

http://autodock.scripps.edu/resources/adt/
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AutoDock 4.0

Good we have a nice tutorial

e @ La Sapienza

fa1 macia,

i@

LONPUTING

http://cassandra.bio.uniromal.it/

Universita di Pisa

Molecular Modeling & Virtual Screemng Laboratory

Dipartimento di Scienze Farmacsi

http:/www.mmvsl.farm.unipi.it/

Molecular Docking Tutorial

by

Rino Ragno (RCMD)
Anna Tramontano (BIOCOMPUTING)
Adriano Martinelli (MMVSL)
Tiziano Tuccinardi (MMVSL)

The Use of Chimera, AutoDock Tools 1.4.4 and Autodock 4.0.1 as
Tools to Study Histone Deacetylase (HDAC) Enzymes Inhibitors

VI European WorkShop in Drug Design
June 3-10 2007
Certosa di Pontignano (Siena — Italia)

http://rcmd-server.frm.uniromal. it/rcmd—portal/
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