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What is Docking?What is Docking?

““Predicting the best ways two molecules will interact.Predicting the best ways two molecules will interact.””
(1)(1) Obtain the Obtain the 3D structures3D structures of the two molecules. of the two molecules.
(2)(2) Locate the best Locate the best binding sitebinding site..
(3)(3) Determine the best Determine the best binding modesbinding modes..
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What is Docking?What is Docking?

““Predicting the Predicting the bestbest  ways two molecules will interact.ways two molecules will interact.””
✽✽ We need to We need to quantifyquantify or  or rankrank solutions; solutions;
✽✽ We need a We need a Scoring FunctionScoring Function or force field. or force field.

““Predicting the best Predicting the best ways two molecules will interactways two molecules will interact..””
✽✽ (ways(ways——plural) plural) The experimentally observed structureThe experimentally observed structure

may be amongst one of may be amongst one of several predicted solutionsseveral predicted solutions..
✽✽ We need a We need a Search MethodSearch Method..
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Defining a DockingDefining a Docking

✽✽ PositionPosition
✽✽ xx, , yy, , zz

✽✽ OrientationOrientation
✽✽ qxqx,,  qyqy,,  qzqz,,  qwqw

✽✽ TorsionsTorsions
✽✽ ττ11, , ττ22, , ……  ττnn

xx

yy

zz

ττ11
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Key aspects of dockingKey aspects of docking……

✽✽ Scoring FunctionsScoring Functions
✽✽ What are they?What are they?

✽✽ Search MethodsSearch Methods
✽✽ How do they work?How do they work?
✽✽ Which search method should I use?Which search method should I use?

✽✽ DimensionalityDimensionality
✽✽ What is it?What is it?
✽✽ Why is it important?Why is it important?
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Scoring Function in AutoDock 4:Scoring Function in AutoDock 4:
MotivationMotivation

✽✽ To improve scoring functionTo improve scoring function
✽✽ improved hydrogen bondingimproved hydrogen bonding
✽✽ new desolvation energy term & internalnew desolvation energy term & internal

desolvation energydesolvation energy
✽✽ larger training set and new weightslarger training set and new weights

✽✽ To permit protein sidechain, loop or domain flexibilityTo permit protein sidechain, loop or domain flexibility
(new DPF keyword, (new DPF keyword, ““flexresflexres””))
✽✽ treats proteintreats protein’’s moving atoms as part of the non-s moving atoms as part of the non-

translating, non-reorienting part of the torsion treetranslating, non-reorienting part of the torsion tree
✽✽ To simulate the unbound state of the ligand &To simulate the unbound state of the ligand &

proteinprotein
✽✽ extendedextended, , compactcompact and  and crystallographiccrystallographic ligand ligand

conformationsconformations

€ 

ΔG = (Vbound
L−L −Vunbound

L−L )+ (Vbound
P−P −Vunbound

P−P )+ (Vbound
P−L −Vunbound

P−L )−TΔSconf
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AutoDockAutoDock  4 Scoring Function Terms4 Scoring Function Terms

ΔΔGGbindingbinding =  = ΔΔGGvdWvdW +  + ΔΔGGelecelec +  + ΔΔGGhbondhbond +  + ΔΔGGdesolv desolv + + ΔΔggtorstors

•• ΔΔGGvdW vdW = = ΔΔGGvdWvdW

12-6 Lennard-Jones potential (with 0.5 12-6 Lennard-Jones potential (with 0.5 ÅÅ smoothing) smoothing)
•• ΔΔGGelecelec

with Solmajer & Mehler distance-dependent dielectricwith Solmajer & Mehler distance-dependent dielectric
•• ΔΔGGhbondhbond

12-10 H-bonding Potential with Goodford Directionality12-10 H-bonding Potential with Goodford Directionality
•• ΔΔGGdesolvdesolv

Charge-dependent variant of Stouten Pairwise AtomicCharge-dependent variant of Stouten Pairwise Atomic
Solvation ParametersSolvation Parameters

•• ΔΔGGtorstors

Number of rotatable bondsNumber of rotatable bonds
http://autodock.scripps.edu/science/equationshttp://autodock.scripps.edu/science/equations
http://autodock.scripps.edu/science/autodock-4-desolvation-free-energy/http://autodock.scripps.edu/science/autodock-4-desolvation-free-energy/
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Pairwise terms in AutoDock 4Pairwise terms in AutoDock 4

✽✽ Desolvation includes terms for all atom typesDesolvation includes terms for all atom types
✽✽ Favorable term for C, Favorable term for C, AA ( (aliphaticaliphatic and  and aromaticaromatic carbons) carbons)
✽✽ Unfavorable term for O, NUnfavorable term for O, N
✽✽ Proportional to the absolute value of the charge on the atomProportional to the absolute value of the charge on the atom
✽✽ Computes the intramolecular desolvation energy for moving atomsComputes the intramolecular desolvation energy for moving atoms

✽✽ Calibrated with 188 complexes from LPDB, Calibrated with 188 complexes from LPDB, KKii’’ss from from
PDB-BindPDB-Bind

Standard error (in Kcal/mol):Standard error (in Kcal/mol):
✽ 2.62 (extended)
✽ 2.72 (compact)
✽ 2.52 (bound)
✽ 2.63 (AutoDock 3, bound)

✽✽ Improved H-bond directionalityImproved H-bond directionality
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Improved H-bond DirectionalityImproved H-bond Directionality

Huey, Goodsell, Morris, and Olson (2004) Letts. Drug Des. & Disc., 1: 178-183

Oxygen
affinity

Hydrogen
affinity

Guanine                      Cytosine

Guanine                      Cytosine

AutoGrid 3

AutoGrid 4
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Why Use Grid Maps?Why Use Grid Maps?

✽✽ Saves time:Saves time:
✽✽ Pre-computing the interactions on a grid isPre-computing the interactions on a grid is

typically 100 times faster than traditionaltypically 100 times faster than traditional
Molecular Mechanics methodsMolecular Mechanics methods

✽✽ O(NO(N22)) calculation becomes  calculation becomes O(N)O(N)

✽✽ AutoDock uses AutoDock uses trilinear interpolationtrilinear interpolation
✽✽ to compute the score of a candidate dockedto compute the score of a candidate docked

ligand conformationligand conformation

✽✽ AutoDock needs one map for each atom typeAutoDock needs one map for each atom type
in the in the ligand(s)ligand(s) and  and moving parts of receptormoving parts of receptor
((ifif there are any) there are any)

✽✽ Drawback: The receptor is Drawback: The receptor is conformationallyconformationally
rigid (although rigid (although ‘‘vdW softenedvdW softened’’))

✽✽ Limits the search spaceLimits the search space
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Setting up the AutoGrid BoxSetting up the AutoGrid Box
✽✽ Macromolecule atoms in the rigid partMacromolecule atoms in the rigid part
✽✽ Center:Center:

✽✽ center of ligand;center of ligand;
✽✽ center of macromolecule;center of macromolecule;
✽✽ a picked atom; a picked atom; oror
✽✽ typed-in x-, y- and z-coordinates.typed-in x-, y- and z-coordinates.

✽✽ Grid point spacingGrid point spacing::
✽✽ default is default is 0.3750.375ÅÅ (from 0.2 (from 0.2ÅÅ to 1.0 to 1.0ÅÅ: ).: ).

✽✽ Number of grid points in each dimension:Number of grid points in each dimension:
✽✽ only give only give even numberseven numbers (from  (from   2 2 ××  2 2 ××   2  to 2  to     126 126 ××   126 126 ××   126).126).
✽✽ AutoGrid adds one point to each dimension.AutoGrid adds one point to each dimension.

✽✽ Grid Maps depend on the orientation of the macromolecule.Grid Maps depend on the orientation of the macromolecule.
✽✽ Make sure all the flexible parts of the macromolecule are inside the gridMake sure all the flexible parts of the macromolecule are inside the grid

To make a To make a ‘‘moleculemolecule’’ PDB file to show where the grid box is, use the script  PDB file to show where the grid box is, use the script ‘‘makeboxmakebox’’::
✽✽ % makebox mol.gpf > mol.gpf.box.pdb% makebox mol.gpf > mol.gpf.box.pdb
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Relaxed Complex MethodRelaxed Complex Method
Lin, J. H., Perryman, A. L.,Lin, J. H., Perryman, A. L., Schames Schames, J. R., and, J. R., and
McCammon, J. A. (2002).  McCammon, J. A. (2002).  ““Computational drug designComputational drug design
accommodating receptor flexibility: The relaxed complexaccommodating receptor flexibility: The relaxed complex
scheme.scheme.””  Journal of the American Chemical SocietyJournal of the American Chemical Society, , 124124::
5632-5633.5632-5633.

McCammon, J. (2005). McCammon, J. (2005). ““Target flexibility in molecularTarget flexibility in molecular
recognition.recognition.””  Biochimica et Biophysica ActaBiochimica et Biophysica Acta, , 17541754: 221-224.: 221-224.

Perryman, A. L. & McCammon, J. A. (2002).Perryman, A. L. & McCammon, J. A. (2002).  AutoDockingAutoDocking
dinucleotides dinucleotides to the HIV-1 integrase core domain:to the HIV-1 integrase core domain:
Exploring possible binding sites for viral and genomicExploring possible binding sites for viral and genomic
DNA.DNA.  J Med ChemJ Med Chem, , 4545: 5624-5627.: 5624-5627.

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

Docking of the 5CITEP inhibitor to snapshots of a 2 nsDocking of the 5CITEP inhibitor to snapshots of a 2 ns
HIV-1 integrase MD trajectory indicated a previously uncharacterized trenchHIV-1 integrase MD trajectory indicated a previously uncharacterized trench
adjacent to the active site that intermittently opens. Further docking studies ofadjacent to the active site that intermittently opens. Further docking studies of
novel ligands with the potential to bind to both regions showed greater selectivenovel ligands with the potential to bind to both regions showed greater selective
affinity when able to bind to the trench. Our ranking of ligands is open toaffinity when able to bind to the trench. Our ranking of ligands is open to
experimental testing, and our approach suggests a new target for HIV-1experimental testing, and our approach suggests a new target for HIV-1
therapeutics.therapeutics.
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Spectrum of Search:Spectrum of Search:
Breadth and Level-of-DetailBreadth and Level-of-Detail

Level-of-DetailLevel-of-Detail
✽✽ Atom typesAtom types
✽✽ Bond stretchingBond stretching
✽✽ Bond-angle bendingBond-angle bending
✽✽ Rotational barrier potentialsRotational barrier potentials

✽✽ Implicit solvationImplicit solvation
✽✽ PolarizabilityPolarizability

✽✽ WhatWhat’’s rigid and whats rigid and what’’ss
flexible?flexible?

Search BreadthSearch Breadth
✽✽ LocalLocal

✽✽ Molecular Mechanics (MM)Molecular Mechanics (MM)
✽✽ IntermediateIntermediate

✽✽ Monte Carlo Simulated AnnealingMonte Carlo Simulated Annealing
(MC SA)(MC SA)

✽✽ Brownian DynamicsBrownian Dynamics
✽✽ Molecular Dynamics (MD)Molecular Dynamics (MD)

✽✽ GlobalGlobal
✽✽ DockingDocking
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Two Kinds of SearchTwo Kinds of Search

SystematicSystematic
✽✽ ExhaustiveExhaustive
✽✽ DeterministicDeterministic
✽✽ Outcome is dependentOutcome is dependent

on granularity ofon granularity of
samplingsampling

✽✽ Feasible only for low-Feasible only for low-
dimensional problemsdimensional problems

✽✽ e.g. e.g. DOT (6D)DOT (6D)

StochasticStochastic
✽✽ RandomRandom
✽✽ Outcome variesOutcome varies
✽✽ Must repeat the searchMust repeat the search

to improve chances ofto improve chances of
successsuccess

✽✽ Feasible for biggerFeasible for bigger
problemsproblems

✽✽ e.g. e.g. AutoDockAutoDock
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Stochastic Search MethodsStochastic Search Methods

✽✽ Simulated Annealing (SA)*Simulated Annealing (SA)*
✽✽ Evolutionary Algorithms (EA)Evolutionary Algorithms (EA)

✽✽ Genetic Algorithm (GA)*Genetic Algorithm (GA)*
✽✽ OthersOthers

✽✽ Tabu Search (TS)Tabu Search (TS)
✽✽ Particle Swarm Particle Swarm Optimisation Optimisation (PSO)(PSO)

✽✽ Hybrid Global-Local Search MethodsHybrid Global-Local Search Methods
✽✽ Lamarckian GA (LGA)*Lamarckian GA (LGA)*

‘‘*Supported in AutoDock*Supported in AutoDock
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AutoDock has a Variety ofAutoDock has a Variety of
Search MethodsSearch Methods

✽✽ Global search algorithms:Global search algorithms:
✽✽ Simulated Annealing (Goodsell Simulated Annealing (Goodsell et al. et al. 1990)1990)
✽✽ Distributed SA (Morris Distributed SA (Morris et al.et al. 1996) 1996)
✽✽ Genetic Algorithm (Morris Genetic Algorithm (Morris et al.et al. 1998) 1998)

✽✽ Local search algorithm:Local search algorithm:
✽✽ Solis & Wets (Morris Solis & Wets (Morris et al.et al. 1998) 1998)

✽✽ Hybrid global-local search algorithm:Hybrid global-local search algorithm:
✽✽ Lamarckian GA (Morris Lamarckian GA (Morris et al.et al. 1998) 1998)
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How Simulated Annealing WorksHow Simulated Annealing Works……

✽✽ Ligand starts at a random (or user-specified)Ligand starts at a random (or user-specified)
position/orientation/conformation (position/orientation/conformation (‘‘statestate’’))

✽✽ Constant-temperature annealing cycle:Constant-temperature annealing cycle:
✽✽ LigandLigand’’s state undergoes a random change.s state undergoes a random change.
✽✽ Compare the energy of the new position with that of theCompare the energy of the new position with that of the

last position; if it is:last position; if it is:
✽✽ lowerlower, the move is , the move is ‘‘acceptedaccepted’’;;
✽✽ higherhigher, the move is , the move is accepted if accepted if ee(-(-ΔΔE/E/kTkT) ) > 0 > 0 ;;
✽✽ otherwise the current move is otherwise the current move is ‘‘rejectedrejected’’..

✽✽ Cycle ends when we exceed either the number ofCycle ends when we exceed either the number of
accepted or rejected moves.accepted or rejected moves.

✽✽ Annealing temperature is reduced, 0.85 < Annealing temperature is reduced, 0.85 < gg < 1 < 1
✽ Ti = g Ti-1

✽✽ Rinse and repeat.Rinse and repeat.
✽✽ Stops at the maximum number of cycles.Stops at the maximum number of cycles.

the Metropolis criterion
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How a Genetic Algorithm WorksHow a Genetic Algorithm Works……

✽✽ Start with a random Start with a random populationpopulation (50-300) (50-300)
✽✽ GenesGenes correspond to  correspond to statestate  variablesvariables
✽✽ Perform genetic operationsPerform genetic operations

✽✽ CrossoverCrossover
✽✽ 1-point 1-point crossover, crossover, ABCDABCD +  + abcdabcd  →→  AAbcdbcd  + + aaBCDBCD����
✽✽ 2-point 2-point crossover, crossover, ABCDABCD +  + abcdabcd  →→  AAbbCDCD  + + aaBBcdcd
✽✽ uniform uniform crossover, crossover, ABCDABCD + +  abcdabcd  →→  AAbbCCdd  + + aaBBccDD
✽✽ arithmetic arithmetic crossover, crossover, ABCDABCD +  + abcdabcd  →→ [ [αα  ABCDABCD + (1-  + (1- αα) ) ababcdcd] +] +

[[(1- (1- αα) ) ABCDABCD +  + αα  ababcdcd]   where: 0 < ]   where: 0 < αα < 1 < 1
✽✽ MutationMutation

✽✽ add or subtract a random amount from randomly selected genes, add or subtract a random amount from randomly selected genes, AA
→→  AA’’

✽✽ Compute the Compute the fitnessfitness of individuals (energy evaluation) of individuals (energy evaluation)
✽✽ Proportional SelectionProportional Selection &  & ElitismElitism
✽✽ If total energy evaluations or maximum generations reached, stopIf total energy evaluations or maximum generations reached, stop
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LamarckLamarck

✽✽ Jean-Jean-BaptisteBaptiste-Pierre--Pierre-
Antoinede Antoinede Monet,Monet,
Chevalier deChevalier de Lamarck Lamarck

✽✽ pioneer Frenchpioneer French
biologist who is bestbiologist who is best
known for his idea thatknown for his idea that
acquired traits areacquired traits are
inheritable, an ideainheritable, an idea
known as Lamarckism,known as Lamarckism,
which iswhich is controverted controverted
by Darwinian theory.by Darwinian theory.
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How a Lamarckian GA worksHow a Lamarckian GA works

✽✽ LamarckianLamarckian::
✽✽ phenotypic adaptations of an individual to itsphenotypic adaptations of an individual to its

environment can be mapped to its genotype & inheritedenvironment can be mapped to its genotype & inherited
by its offspring.by its offspring.

✽✽ PhenotypePhenotype - Atomic coordinates - Atomic coordinates
✽✽ GenotypeGenotype - State variables - State variables
✽✽ (1) Local search (LS) modifies the (1) Local search (LS) modifies the phenotypephenotype,,
✽✽ (2) Inverse map (2) Inverse map phenotypephenotype to the to the

            genotypegenotype
✽✽ Solis and Wets local searchSolis and Wets local search
✽✽ advantage that it does not requireadvantage that it does not require

gradient information in order to proceedgradient information in order to proceed
✽✽ Rik BelewRik Belew (UCSD) &  (UCSD) & William HartWilliam Hart (Sandia). (Sandia).

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 2121

Important Search ParametersImportant Search Parameters

Simulated AnnealingSimulated Annealing
✽✽ Initial temperature (K)Initial temperature (K)

✽✽ rt0 61600rt0 61600

✽✽ Temperature reduction factorTemperature reduction factor
(K(K-1 -1 cycle)cycle)
✽✽ rtrf rtrf 0.950.95

✽✽ Termination criteria:Termination criteria:
✽✽ accepted movesaccepted moves

✽✽ accs accs 2500025000

✽✽ rejected movesrejected moves
✽✽ rejs rejs 2500025000

✽✽ annealing cyclesannealing cycles
✽✽ cycles 50cycles 50

Genetic Algorithm & Lamarckian GAGenetic Algorithm & Lamarckian GA
✽✽ Population sizePopulation size

✽✽ gaga_pop_size 300_pop_size 300

✽✽ Crossover rateCrossover rate
✽✽ gaga_crossover_rate 0.8_crossover_rate 0.8

✽✽ Mutation rateMutation rate
✽✽ gaga_mutation_rate 0.02_mutation_rate 0.02

✽✽ Solis & Wets local search (LGA only)Solis & Wets local search (LGA only)
✽✽ swsw_max_its 300_max_its 300

✽✽ Termination criteria:Termination criteria:
✽✽ gaga_num_evals 250000 # short_num_evals 250000 # short

✽✽ gaga_num_evals 2500000 # medium_num_evals 2500000 # medium
✽✽ gaga_num_evals 25000000 # long_num_evals 25000000 # long

gaga_num_generations 27000_num_generations 27000
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Dimensionality of Molecular DockingDimensionality of Molecular Docking

✽✽ Degrees of Freedom (DOF)Degrees of Freedom (DOF)
✽✽ PositionPosition / Translation (3) / Translation (3)

✽✽ xx,,yy,,zz

✽✽ OrientationOrientation / Quaternion (3) / Quaternion (3)
✽✽ qxqx, , qyqy, , qzqz, , qw qw (normalized in 4D)(normalized in 4D)

✽✽ Rotatable BondsRotatable Bonds / Torsions ( / Torsions (nn))
✽✽ ττ11, , ττ22, , ……  ττnn

✽✽ DimensionalityDimensionality, , DD = 3 + 3 + n = 3 + 3 + n
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Multidimensional Treasure HuntMultidimensional Treasure Hunt……

1/81/833

1/21/211

1/41/422

Chances?Chances?TreasureTreasureDivide into 2Divide into 2LandscapeLandscapeDimensionsDimensions

$$

¥¥

££
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Sampling HyperspaceSampling Hyperspace

✽✽ Say we are hunting in Say we are hunting in DD-dimensional hyperspace-dimensional hyperspace……
✽✽ We want to evaluate each of the We want to evaluate each of the DD dimensions  dimensions NN times. times.
✽✽ The number of The number of ““evalsevals”” needed,  needed, nn, is: , is: nn =  = NNDD

∴∴  NN =  = nn1/1/DD

✽✽ For example, if For example, if n n = 10= 1066 and and……
✽✽ DD=6=6,   ,   N N = (10= (1066))1/6 1/6    =  = 10 evaluations per dimension10 evaluations per dimension
✽✽ DD=36=36, , N N = (10= (1066))1/361/36 =  = ~1.5 evaluations per dimension~1.5 evaluations per dimension

✽✽ Clearly, the more dimensions, the tougher it gets.Clearly, the more dimensions, the tougher it gets.
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Next, AutoDockNext, AutoDock……

✽✽ Now for some specifics aboutNow for some specifics about
AutoDockAutoDock……

✽✽ More information can be found in theMore information can be found in the
User GuideUser Guide!!
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AutoDock / ADTAutoDock / ADT

Python, interpretedPython, interpretedC & C++, compiledC & C++, compiled

Graphical User Interface.Graphical User Interface.
PMVPMV ∴ ∴  PythonPython

GUI-less, self-logging &GUI-less, self-logging &
rescriptablerescriptable

Command-line.Command-line.
awk, shell & Python scripts.awk, shell & Python scripts.
Text editorsText editors

Visualizing, set-upVisualizing, set-upNumber crunchingNumber crunching

2000200019901990

ADTADTAutoDock & AutoGridAutoDock & AutoGrid
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Community (1991 - mid 2005)Community (1991 - mid 2005)

✽✽ AutoDock licensesAutoDock licenses

✽✽ Papers citing AutoDockPapers citing AutoDock
(source: Science Citation(source: Science Citation
Index Expanded)Index Expanded)
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Number of Citations for Docking ProgramsNumber of Citations for Docking Programs
——ISI Web of Science (2005)ISI Web of Science (2005)

Sousa, S.F., Fernandes, P.A. & Ramos, M.J. (2006)
Protein-Ligand Docking: Current StatusProtein-Ligand Docking: Current Status
and Future Challengesand Future Challenges Proteins, 65:15-26
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Trends in Citations of Docking ProgramsTrends in Citations of Docking Programs
——ISI Web of Science (2005)ISI Web of Science (2005)

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

✽✽ What problem does AutoDock solve?What problem does AutoDock solve?
✽✽ FlexibleFlexible ligands (4.0  ligands (4.0 flexibleflexible protein). protein).

✽✽ What range of problems is feasible?What range of problems is feasible?
✽✽ Depends on the search method:Depends on the search method:

✽✽ LGALGA >  > GAGA >>  >> SASA >>  >> LSLS
✽✽ SASA : can output trajectories,  : can output trajectories, DD < about 8 torsions. < about 8 torsions.
✽✽ LGALGA :  : DD < about 8-32 torsions. < about 8-32 torsions.

✽✽ When is AutoDock not suitable?When is AutoDock not suitable?
✽✽ No 3D-structures are available;No 3D-structures are available;
✽✽ Modelled structure of poor quality;Modelled structure of poor quality;
✽✽ Too many (32 torsions, 2048 atoms, 22 atom types);Too many (32 torsions, 2048 atoms, 22 atom types);
✽✽ Target protein too flexible.Target protein too flexible.
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Using AutoDock: Step-by-StepUsing AutoDock: Step-by-Step

✽✽ Set up ligand PDBQTSet up ligand PDBQT——using using ADTADT’’s s ““LigandLigand”” menu menu
✽✽ OPTIONAL:OPTIONAL: Set up flexible receptor PDBQT Set up flexible receptor PDBQT——usingusing

ADTADT’’s s ““Flexible ResiduesFlexible Residues”” menu menu
✽✽ Set up macromolecule & grid mapsSet up macromolecule & grid maps——using using ADTADT’’s s ““GridGrid””

menumenu
✽✽ Pre-compute AutoGrid maps for all atom types in your set ofPre-compute AutoGrid maps for all atom types in your set of

ligandsligands——using using ““autogrid4autogrid4””
✽✽ Perform dockings of ligand to targetPerform dockings of ligand to target——using using ““autodock4autodock4””,,

and in parallel if possible.and in parallel if possible.
✽✽ Visualize AutoDock resultsVisualize AutoDock results——using using ADTADT’’s s ““AnalyzeAnalyze”” menu menu
✽✽ Cluster dockingsCluster dockings——using using ““analysisanalysis”” DPF command in DPF command in

““autodock4autodock4”” or  or ADTADT’’s s ““AnalyzeAnalyze”” menu for parallel docking menu for parallel docking
results.results.
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AutoDock 4 File FormatsAutoDock 4 File Formats
Prepare the Following Input FilesPrepare the Following Input Files

✽✽ Ligand PDBQT fileLigand PDBQT file
✽✽ Rigid Macromolecule PDBQT fileRigid Macromolecule PDBQT file
✽✽ Flexible Macromolecule PDBQT file (Flexible Macromolecule PDBQT file (““FlexresFlexres””))
✽✽ AutoGrid Parameter File (GPF)AutoGrid Parameter File (GPF)

✽✽ GPF depends on atom types in:GPF depends on atom types in:
✽✽ Ligand PDBQT fileLigand PDBQT file
✽✽ OptionalOptional    flexible residue PDBQT files)flexible residue PDBQT files)

✽✽ AutoDock Parameter File (DPF)AutoDock Parameter File (DPF)

Run AutoGrid 4Run AutoGrid 4
✽✽ Macromolecule PDBQT + GPF  Macromolecule PDBQT + GPF     Grid Maps, GLG  Grid Maps, GLG

Run AutoDock 4Run AutoDock 4
✽✽ Grid Maps + Ligand PDBQT  + [Grid Maps + Ligand PDBQT  + [Flexres Flexres PDBQT +]PDBQT +]

DPF  DPF    DLG DLG (dockings & clustering) (dockings & clustering)

Run ADT to Analyze DLGRun ADT to Analyze DLG

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 3333

Things you need to do before usingThings you need to do before using
AutoDock 4AutoDock 4

Ligand:Ligand:
✽✽ Add all hydrogens, compute Gasteiger charges, and mergeAdd all hydrogens, compute Gasteiger charges, and merge

non-polar H; also assign AutoDock 4 atom typesnon-polar H; also assign AutoDock 4 atom types
✽✽ Ensure total charge corresponds to Ensure total charge corresponds to tautomeric tautomeric statestate
✽✽ Choose torsion tree root & rotatable bondsChoose torsion tree root & rotatable bonds

Macromolecule:Macromolecule:
✽✽ Add all hydrogens, computeAdd all hydrogens, compute Gasteiger  Gasteiger charges, and mergecharges, and merge

non-polar H; also assign AutoDock 4 atom typesnon-polar H; also assign AutoDock 4 atom types
✽✽ Assign Stouten atomic solvation parametersAssign Stouten atomic solvation parameters
✽✽ Optionally, create a flexible residues PDBQT in addition toOptionally, create a flexible residues PDBQT in addition to

the rigid PDBQT filethe rigid PDBQT file
✽✽ Compute AutoGrid mapsCompute AutoGrid maps
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Preparing Ligands and ReceptorsPreparing Ligands and Receptors

✽✽ AutoDock uses AutoDock uses ‘‘United AtomUnited Atom’’ model model
✽✽ Reduces number of atoms, speeds up dockingReduces number of atoms, speeds up docking

✽✽ Need to:Need to:
✽✽ Add polar Hs.  Remove non-polar Hs.Add polar Hs.  Remove non-polar Hs.

✽✽ Both Ligand & MacromoleculeBoth Ligand & Macromolecule
✽✽ Replace missing atoms (disorder).Replace missing atoms (disorder).
✽✽ Fix hydrogens at chain breaks.Fix hydrogens at chain breaks.

✽✽ Need to consider pH:Need to consider pH:
✽✽ Acidic & Basic residues, Acidic & Basic residues, HistidinesHistidines..
✽✽ http://molprobity.biochem.duke.edu/http://molprobity.biochem.duke.edu/

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

✽✽ Molecular Modelling elsewhere.Molecular Modelling elsewhere.
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Atom Types in AutoDock 4Atom Types in AutoDock 4

✽✽ One-letter or two-letter atom type codesOne-letter or two-letter atom type codes
✽✽ More atom types than AD3:More atom types than AD3:

✽✽ 2222

✽✽ Same atom types in both ligand and receptorSame atom types in both ligand and receptor
✽✽ http://autodock.scripps.edu/wiki/NewFeatureshttp://autodock.scripps.edu/wiki/NewFeatures
✽✽ http://autodock.scripps.edu/faqs-help/faq/http://autodock.scripps.edu/faqs-help/faq/

how-do-i-add-new-atom-types-to-autodock-4how-do-i-add-new-atom-types-to-autodock-4
✽✽ http://autodock.scripps.edu/faqs-help/faq/http://autodock.scripps.edu/faqs-help/faq/

where-do-i-set-the-autodock-4-force-field-parameterswhere-do-i-set-the-autodock-4-force-field-parameters
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Partial Atomic Charges are requiredPartial Atomic Charges are required
for both Ligand and Receptorfor both Ligand and Receptor

✽✽ Partial Atomic Charges:Partial Atomic Charges:
✽✽ Peptides & Proteins; DNA & RNAPeptides & Proteins; DNA & RNA

✽✽ Gasteiger Gasteiger (PEOE)(PEOE) - AD4 Force Field - AD4 Force Field

✽✽ Organic compounds; CofactorsOrganic compounds; Cofactors
✽✽ Gasteiger (PEOE)Gasteiger (PEOE) - AD4 Force Field - AD4 Force Field;;
✽✽ MOPAC (MNDO, AM1, PM3);MOPAC (MNDO, AM1, PM3);
✽✽ Gaussian (6-31G*).Gaussian (6-31G*).

✽✽ Integer total charge per residue.Integer total charge per residue.
✽✽ Non-polar hydrogens:Non-polar hydrogens:

✽✽ Always mergeAlways merge
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Carbon Atoms can be either AliphaticCarbon Atoms can be either Aliphatic
or Aromatic Atom Typesor Aromatic Atom Types

✽✽ Solvation Free EnergySolvation Free Energy
✽✽ Based on a partial-charge-dependent variant of StoutenBased on a partial-charge-dependent variant of Stouten

method.method.
✽✽ Treats aliphatic (Treats aliphatic (‘‘CC’’) and aromatic () and aromatic (‘‘AA’’) carbons differently.) carbons differently.

✽✽ Need to rename ligand aromatic Need to rename ligand aromatic ‘‘CC’’ to  to ‘‘AA’’..
✽✽ ADT determines if ligand is a peptide:ADT determines if ligand is a peptide:

✽✽ If so, uses a look-up dictionary.If so, uses a look-up dictionary.
✽✽ If not, inspects geometry of If not, inspects geometry of ‘‘CC’’s in rings. Renames s in rings. Renames ‘‘CC’’ to  to ‘‘AA’’

if flat enough.if flat enough.
✽✽ Can adjust Can adjust ‘‘planarityplanarity’’ criterion (15 criterion (15°° detects more rings than detects more rings than

default 7.5default 7.5°°).).
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Defining Ligand FlexibilityDefining Ligand Flexibility
✽✽ Set Root of Torsion Tree:Set Root of Torsion Tree:

✽✽ By interactively picking, By interactively picking, oror
✽✽ Automatically.Automatically.

✽✽ Smallest Smallest ‘‘largest sub-treelargest sub-tree’’..

✽✽ Interactively Pick Rotatable Bonds:Interactively Pick Rotatable Bonds:
✽✽ No No ‘‘leavesleaves’’;;
✽✽ No bonds in rings;No bonds in rings;
✽✽ Can freeze:Can freeze:

✽✽ Peptide/amide/selected/all;Peptide/amide/selected/all;

✽✽ Can set the number of active torsions that move eitherCan set the number of active torsions that move either
the most or the fewest atomsthe most or the fewest atoms
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Setting Up Your EnvironmentSetting Up Your Environment

✽✽ At TSRI:At TSRI:
✽✽ Modify .cshrcModify .cshrc

✽✽ Change PATH & stacksize:Change PATH & stacksize:
✽✽ setenv setenv PATH (/mgl/PATH (/mgl/progprog/$/$archosvarchosv/bin:/tsri/python:$path)/bin:/tsri/python:$path)

✽✽ % limit stacksize unlimited% limit stacksize unlimited

✽✽ ADT Tutorial, every time you open a Shell or Terminal, type:ADT Tutorial, every time you open a Shell or Terminal, type:
✽✽ % source /tsri/python/share/bin/initadtcsh% source /tsri/python/share/bin/initadtcsh

✽✽ To start AutoDockTools, type:To start AutoDockTools, type:
✽✽ % % cd cd tutorialtutorial

✽✽ % adt1% adt1

✽✽ WebWeb
✽ http://autodock.scripps.edu

✽ http://mgltools.scripps.edu
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Choose the Docking AlgorithmChoose the Docking Algorithm

✽✽ SA.dpf SA.dpf —— Simulated Annealing Simulated Annealing
✽✽ GA.dpf GA.dpf —— Genetic Algorithm Genetic Algorithm
✽✽ LS.dpf LS.dpf —— Local Search Local Search

✽✽ Solis-Wets (SW)Solis-Wets (SW)
✽✽ Pseudo Solis-Wets (pSW)Pseudo Solis-Wets (pSW)

✽✽ GALS.dpf GALS.dpf —— Genetic Algorithm with Genetic Algorithm with
Local Search, Local Search, i.e.i.e. Lamarckian GA Lamarckian GA
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Run AutoGridRun AutoGrid
✽✽ Check: Enough disk space?Check: Enough disk space?

✽✽ Maps are ASCII, but can be ~2-8MB !Maps are ASCII, but can be ~2-8MB !

✽✽ Start AutoGrid from the Shell:Start AutoGrid from the Shell:
% autogrid4 % autogrid4 ––p mol.gpf p mol.gpf ––l mol.glg & ! ! !l mol.glg & ! ! !

% autogrid4 -p mol.gpf -l mol.glg ; autodock4 -p mol.dpf -l mol.dlg% autogrid4 -p mol.gpf -l mol.glg ; autodock4 -p mol.dpf -l mol.dlg

✽✽ Follow the log file using:Follow the log file using:
% tail -f mol.glg% tail -f mol.glg

✽✽ Type <Ctrl>-C to break out of the Type <Ctrl>-C to break out of the ‘‘tail -tail -ff’’
commandcommand

✽✽ Wait for Wait for ““Successful CompletionSuccessful Completion”” before starting before starting
AutoDockAutoDock
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Run AutoDockRun AutoDock
✽✽ Do a test docking, ~ 25,000 evalsDo a test docking, ~ 25,000 evals
✽✽ Do a full docking, if test is OK, ~ 250,000 toDo a full docking, if test is OK, ~ 250,000 to

50,000,000 evals50,000,000 evals
✽✽ From the Shell:From the Shell:

✽✽ % autodock4 % autodock4 ––p yourFile.dpf p yourFile.dpf ––l yourFile.dlg &l yourFile.dlg &

✽✽ Expected time? Size of docking log?Expected time? Size of docking log?
✽✽ Distributed computationDistributed computation

✽✽ At TSRI, Linux ClustersAt TSRI, Linux Clusters
✽✽ % submit.% submit.py py stem 20stem 20

% recluster.py stem 20 during 3.5% recluster.py stem 20 during 3.5
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Analyzing AutoDock ResultsAnalyzing AutoDock Results

✽✽ In ADT, you can:In ADT, you can:
✽✽ Read & view a single DLG, orRead & view a single DLG, or
✽✽ Read & view many DLG results files in aRead & view many DLG results files in a

single directorysingle directory
✽✽ Re-cluster docking results by conformationRe-cluster docking results by conformation

& view these& view these
✽✽ Outside ADT, you can re-cluster severalOutside ADT, you can re-cluster several

DLGsDLGs
✽✽ Useful in distributed dockingUseful in distributed docking

✽✽ % recluster.py stem 20 [during|end] 3.5% recluster.py stem 20 [during|end] 3.5
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Viewing Conformational Clusters byViewing Conformational Clusters by
RMSDRMSD

✽✽ List the RMSD tolerancesList the RMSD tolerances
✽✽ Separated by spacesSeparated by spaces

✽✽ Histogram of conformational clustersHistogram of conformational clusters
✽✽ Number in cluster Number in cluster versusversus lowest energy in that cluster lowest energy in that cluster

✽✽ Picking a clusterPicking a cluster
✽✽ makes a list of the conformations in that cluster;makes a list of the conformations in that cluster;
✽✽ set these to be the current sequence for states player.set these to be the current sequence for states player.
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Advanced TopicsAdvanced Topics

✽✽ Stochastic search methods rely onStochastic search methods rely on
random numbersrandom numbers

✽✽ Random Number Generator, RNGRandom Number Generator, RNG
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Random number generatorRandom number generator

✽✽ RNG needs a seed or seeds.RNG needs a seed or seeds.
✽✽ Different seeds lead to different sequences of randomDifferent seeds lead to different sequences of random

numbersnumbers

✽✽ SA and GA use different RNGsSA and GA use different RNGs
✽✽ SA needs 1 seedSA needs 1 seed
✽✽ GA & LGA need 2 seedsGA & LGA need 2 seeds

✽✽ A seed can be:A seed can be:
✽✽ A long integer, say A long integer, say ““31415293141529””; or; or
✽✽ ““timetime”” = number of seconds since 1970 Jan 1; or = number of seconds since 1970 Jan 1; or
✽✽ ““pidpid”” = UNIX process ID of this job = UNIX process ID of this job
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