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Summary
• Introduction

• Small molecules binding site prediction
• de-novo.

• comparative.

• Docking.
• What is docking?

• Autodock and state-of-the-art methods.

• An application in drug discovery : ISENTRESS.
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Objective

TO LEARN HOW-TO USE AutoDock 
Vina FOR DOCKING SMALL 

MOLECULES IN THE SURFACE OF A 
PROTEIN
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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 amino-acids (residues) that physically interact with the ligand 
(usually within 6 Ångstroms).
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From sequence to function...

MTSITPVTLANCEDEP
IHVPGAIQPHGALVTL
RADGMVLAASENIQAL
LGFVASPGSYLTQEQV
GPEVLRMLEEGLTGNG
P....

Sequence	   Structure  Function 

implies..

-  c o n s e r v e d +

implies..

Monday, April 29, 13



Program
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Binding site 
prediction

AutoDock
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binding site prediction

•Sometimes, we know the binding site 
for a ligand because it has been co-

crystalized with the protein.
•Localize the binding site/s for a given 

molecule. 
• There could be several binding sites 

in a protein surface.  
• Two different approaches for binding 

site prediction : de novo & 
comparative prediction.
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Protein function from structure
ab-initio localization of binding sites

Rossi. Localization of binding sites in protein structures by optimization of a composite scoring function. 
Protein Science (2006) vol. 15 (10) pp. 2366-2380

Localization of binding sites in protein structures by
optimization of a composite scoring function

ANDREA ROSSI, MARC A. MARTI-RENOM, AND ANDREJ SALI
Departments of Biopharmaceutical Sciences and Pharmaceutical Chemistry, California Institute for Quantitative
Biomedical Research, University of California, San Francisco, California 94143-2552, USA

(RECEIVED March 28, 2006; FINAL REVISION July 10, 2006; ACCEPTED July 11, 2006)

Abstract

The rise in the number of functionally uncharacterized protein structures is increasing the demand
for structure-based methods for functional annotation. Here, we describe a method for predicting the
location of a binding site of a given type on a target protein structure. The method begins by
constructing a scoring function, followed by a Monte Carlo optimization, to find a good scoring patch on
the protein surface. The scoring function is a weighted linear combination of the z-scores of various
properties of protein structure and sequence, including amino acid residue conservation, compactness,
protrusion, convexity, rigidity, hydrophobicity, and charge density; the weights are calculated from a set
of previously identified instances of the binding-site type on known protein structures. The scoring
function can easily incorporate different types of information useful in localization, thus increasing the
applicability and accuracy of the approach. To test the method, 1008 known protein structures were split
into 20 different groups according to the type of the bound ligand. For nonsugar ligands, such as various
nucleotides, binding sites were correctly identified in 55%–73% of the cases. The method is completely
automated (http://salilab.org/patcher) and can be applied on a large scale in a structural genomics
setting.

Keywords: protein function annotation; small ligand binding-site localization

Many protein targets of structural biologists are no longer
chosen because of their function, but rather by their
location in the protein sequence-structure space (Burley
et al. 1999; Brenner 2000, 2001; Sali 2001; Vitkup et al.
2001; Chance et al. 2002; Goldsmith-Fischman and
Honig 2003). Therefore, the number of functionally
uncharacterized protein structures is growing. Of the
36,606 entries in the Protein Data Bank (PDB) (Kouranov
et al. 2006) as of February 23, 2006, 1407 structures were
deposited by structural genomics consortia, 985 (70%)

of which had an unknown function according to the
HEADER record of their PDB files. In contrast, only 174
(0.5%) of the 35,199 protein structures solved outside of
structural genomics had no functional annotations in their
PDB files.

To classify the functions of thousands of uncharacter-
ized protein structures that will become available over the
next few years and millions of comparative models based
on the known structures, automated structure-based func-
tional annotation is required (Wallace et al. 1996, 1997;
Kleywegt 1999; Thornton et al. 2000; Babbitt 2003;
Laskowski et al. 2003). In particular, we need to be able
to identify the locations and types of binding sites on
a given structure, because the binding sites define the
molecular function of a protein.

The most principled computational approach to pre-
dicting the molecular function is to dock a large library of
potential ligands against the surface of the protein. In

ps0622475 Rossi et al. ARTICLE RA

Reprint requests to: Andrea Rossi or Andrej Sali, Departments of
Biopharmaceutical Sciences and Pharmaceutical Chemistry, California
Institute for Quantitative Biomedical Research, University of California,
San Francisco Byers Hall, Office 503B, 1700 4th Street, San Francisco, CA
94143-2552, USA; e-mail: andrea@salilab.org or sali@salilab.org; fax:
(415) 514-4231.
Article published online ahead of print. Article and publication date

are at http://www.proteinscience.org/cgi/doi/10.1110/ps.062247506.

Protein Science (2006), 15:1–15. Published by Cold Spring Harbor Laboratory Press. Copyright ! 2006 The Protein Society 1

JOBNAME: PROSCI 15#10 2006 PAGE: 1 OUTPUT: Thursday August 17 20:30:44 2006

csh/PROSCI/122851/ps0622475

 on September 18, 2006 www.proteinscience.orgDownloaded from 

Monday, April 29, 13



Structure conservation

Solvent accessibility

Surface geometrySequence conservation

Electrostatics
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Representation
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M = number of proteins in training set
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Scoring
NAD

Optimization, maximizing score. 

Getting the z-score for each feature. 
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Compactness Conservation Charge density B-factor
Protrusion 
coefficient Convexity score Hydrophobicity

ADP -1.266 -2.009 0.447 -0.414 -1.521 -1.388 -0.118

AMP -1.62 -1.962 0.341 -0.381 -1.909 -1.944 -0.518

ANP -1.007 -2.227 0.176 -0.392 -1.706 -1.595 -0.14

ATP -1.122 -2.156 0.228 -0.274 -1.845 -1.768 0.038

BOG -2.067 -0.012 0.552 -0.465 -0.356 -0.49 -0.781

CIT -2.948 -1.58 0.563 -0.527 -0.922 -0.838 -0.113

FAD 0.505 -2.108 0.366 -0.702 -1.735 -1.725 -0.75

FMN -1.132 -1.98 0.382 -0.387 -1.803 -1.886 -0.695

FUC -3.43 0.016 -0.295 -0.123 0.002 0.132 0.459

GAL -3.186 -0.538 -0.234 -0.068 -0.906 -0.987 0.298

GDP -1.061 -1.471 0.409 -0.81 -1.472 -1.423 0.182

GLC -2.813 -1.247 -0.207 -0.399 -1.247 -1.337 -0.089

HEC -0.172 -0.912 0.286 -0.325 -1.153 -1.27 -1.282

HEM -0.651 -1.571 0.683 -0.51 -1.797 -1.937 -1.47

MAN -3.72 0.131 0.105 -0.52 -0.605 -0.509 0.405

MES -3.049 -0.24 -0.338 -0.479 -0.714 -0.926 0.296

NAD -0.005 -1.852 0.156 -0.232 -1.775 -1.804 -0.858

NAG -3.419 -0.46 -0.126 -0.154 -0.341 -0.523 -0.078

NAP -0.009 -1.898 0.612 -0.321 -1.587 -1.656 -0.336

NDP 0.217 -1.741 0.535 -0.312 -1.463 -1.562 -0.498

Ligand fingerprints
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Ligand fingerprints
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Protein function from structure
Comparative annotation. AnnoLite and AnnoLyze.

BioMed Central
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(page number not for citation purposes)

BMC Bioinformatics

Open AccessProceedings
The AnnoLite and AnnoLyze programs for comparative annotation 
of protein structures
Marc A Marti-Renom*1, Andrea Rossi2, Fátima Al-Shahrour3, Fred P Davis2, 
Ursula Pieper2, Joaquín Dopazo3 and Andrej Sali2

Address: 1Structural Genomics Unit, Bioinformatics Department, Centro de Investigación Príncipe Felipe (CIPF), Valencia, Spain, 2Departments 
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California at San Francisco, San Francisco, CA 94143, USA and 3Functional Genomics Unit, Bioinformatics Department, Centro de Investigación 
Príncipe Felipe (CIPF), Valencia, Spain
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Fred P Davis - fred@salilab.org; Ursula Pieper - Ursula@salilab.org; Joaquín Dopazo - jdopazo@cipf.es; Andrej Sali - sali@salilab.org
* Corresponding author    

Abstract
Background: Advances in structural biology, including structural genomics, have resulted in a
rapid increase in the number of experimentally determined protein structures. However, about half
of the structures deposited by the structural genomics consortia have little or no information about
their biological function. Therefore, there is a need for tools for automatically and comprehensively
annotating the function of protein structures. We aim to provide such tools by applying
comparative protein structure annotation that relies on detectable relationships between protein
structures to transfer functional annotations. Here we introduce two programs, AnnoLite and
AnnoLyze, which use the structural alignments deposited in the DBAli database.

Description: AnnoLite predicts the SCOP, CATH, EC, InterPro, PfamA, and GO terms with an
average sensitivity of ~90% and average precision of ~80%. AnnoLyze predicts ligand binding site
and domain interaction patches with an average sensitivity of ~70% and average precision of ~30%,
correctly localizing binding sites for small molecules in ~95% of its predictions.

Conclusion: The AnnoLite and AnnoLyze programs for comparative annotation of protein
structures can reliably and automatically annotate new protein structures. The programs are fully
accessible via the Internet as part of the DBAli suite of tools at http://salilab.org/DBAli/.

Background
Genomic efforts are providing us with complete genetic
blueprints for hundreds of organisms, including humans.

We are now faced with assigning, understanding, and
modifying the functions of proteins encoded by these
genomes. This task is generally facilitated by protein 3D

from The Second Automated Function Prediction Meeting
La Jolla, CA, USA. 30 August – 1 September 2006

Published: 22 May 2007

BMC Bioinformatics 2007, 8(Suppl 4):S4 doi:10.1186/1471-2105-8-S4-S4
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This is an open access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Marti-Renom et al. The AnnoLite and AnnoLyze programs for comparative annotation of protein structures. 
BMC Bioinformatics (2007) vol. 8 (Suppl 4) pp. S4
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DBAli

Search

Tools

Special 

pages
Structural Genomics

Download

Statistics

Pairwise

Get all similar

DBAlit!

AnnoLite

AnnoLyze

ModClus from list

ModClus from chain

SALIGN

ModDom

Pairwise  alignment result

Table of structural similarities

Multiple alignment result

Domain assignments

Full annotations result

Fast annotations result

Cluster results

e-mail

Multiple
Multiple alignment result

15

DBAliv2.0 database
http://www.dbali.org
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AnnoLyze
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Benchmark
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AnnoLyze

Number of chains

Initial set* 78,167
LigBase** 30,126

Non-redundant set*** 4,948 (8,846 ligands)

*all PDB chains larger than 30 aminoacids in length (8th of August, 2006)
**annotated with at least one ligand in the LigBase database

***not two chains can be structurally aligned  within 3A, superimposing more than 75% of their Cα atoms, result in 
a sequence alignment  with more than 30% identity, and have a length difference inferior to 50aa  

Number of chains

Initial set* 78,167
πBase** 30,425

Non-redundant set*** 4,613 (11,641 partnerships)

*all PDB chains larger than 30 aminoacids in length (8th of August, 2006)
**annotated with at least one partner in the πBase database

***not two chains can be structurally aligned  within 3A, superimposing more than 75% of their Cα atoms, result in 
a sequence alignment  with more than 30% identity, and have a length difference inferior to 50aa  

Monday, April 29, 13



Method
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HTML output

AnnoLyze search

Selection based on local 

similarity

% Seq Id >20%

% Equivalent positions >75%

Similar chains in DBAli

RMSD < 4A

% Seq Id >20%

% Equivalent positions >75%

p-value >4

Chain ID

LigBase protein 

ligands

Ligands from 

LigBase are 

collected and 

binding sites 

annotated based 

on the spatial 

proximity to the 

ligand

DBAli tools

PiBase protein 

partners

Interations from 

PiBase are 

collected and 

interaction 

patches 

annotated based 

on the spatial 

proximity 

between domains

AnnoLyze
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Scoring function
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AnnoLyze

Aloy et al. (2003) J.Mol.Biol. 332(5):989-98.

interactions are mainly due to the artifacts men-
tioned above (e.g. crystal packing and homo-
multimers). Fusions, on the other hand, are rarely
similar: only 783 out of 24,049 (or 35 out of 468 for
the different fold subset) have iRMSD values
below 5, and we could find no clear relationship
between sequence and interaction similarity. This
suggests that one should also exercise caution
when inferring a domain–domain interaction
between separate proteins based on a similar pair
of domains in a single polypeptide (e.g. see Aloy
et al.28), particularly when identities are low. This
has some bearing on the proposal to use gene
fusion events to predict protein–protein
interactions,29 or fused domain combinations in a
structural genomics initiative to uncover 3D
structures for interacting domains.30 A few
examples of fusions are also discussed below.

Studying specific interactions

The general trends can give a guide to the degree
of sequence similarity needed to be confident in a

similar interaction. However, it is also often
informative to consider a specific interaction, as
would arise in modelling or other studies
involving a few protein families. For some
domain–domain interactions, the data in Figure 2
show that interactions are preserved even at very
low sequence identities, whereas for others the
situation is reversed. For example, if one considers
PID , 20% for the P-loop ATPase superfamily
(c.37.1) interacting with the ubiquitin-like super-
family (d.15.1) all four interactions (c-Raf1 RBD,
1c1y; RalGDS, 1lfd; PI3K, 1he8; kinase byr2, 1k8r)
are similar (iRMSD , 7 Å). In contrast, the five
interactions between the P-loop ATPases and PH
domains (b.55.1; 2 interactions in Dbs, 1kz7; GEF
of TIAM1, 1foe; Nup358, 1rrp), only two of the
eight interactions with PID , 20% have
iRMSD , 10 Å, with the others showing great
differences, iRMSD as high as 18 Å with clearly
different binding surfaces.
There are obviously too many different interact-

ing domain pairs to discuss in detail. However, it
is possible to plot iRMSD versus sequence identity

Figure 2. Plots showing interaction RMSD (iRMSD) versus percentage sequence identity (PID). (A) All the inter-
actions coloured according to their SCOP classification: Family in red, Superfamily in Green and Fold in blue. (B) The
same for the different fold subset. Inset plots the interactions derived from the Pfam/PDB intersection. (C) All the
interactions coloured according to whether or not the domains are in the same polypeptide chain: intermolecular in
red, intramolecular in green and fusions in blue. (D) The same for the different fold subset. Curves show the 90th
and 80th percentiles (i.e. 90% and 80% of the data below the curve). The gap between PID ¼ 0 and 1 is because the
number of structurally equivalent residues is often much smaller than 100, making values between 0 and 1 rare.

Protein Interaction Versus Sequence Divergence 993Ligands Partners
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Sensitivity .vs. Precision

Optimal cut-off Sensitivity (%)
Recall or TPR

Precision (%)

Ligands 30% 71.9 13.7

Partners 40% 72.9 55.7

Precision = TP
TP + FP

Sensitivity = TP
TP + FN

AnnoLyze

However, 90-95% of aa correctly predicted

Monday, April 29, 13
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Example (2azwA)
Structural Genomics Unknown Function
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Other binding-site prediction web methods 

• Metapocket 2.0 ( http://projects.biotec.tu-dresden.de/metapocket/).

★ Metapredictor : LIGSITE,PASS, Q-SiteFinder, SURNET, 
Fpocket,GECOM, ConCavity, POCASA.

• LISE ( http://lise.ibms.sinica.edu.tw ).

★ Binding Site-Enriched Protein Triangles  method. Published in  April 
2012. 

Monday, April 29, 13
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Docking of small molecules. Autodock Vina
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DISCLAIMER!
Credit should go to Dr. Oleg Trott, Dr. Ruth Huey and Dr. Garret M. Morris

24

http://vina.scripps.edu

1

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 11

UsingUsing
AutoDock 4AutoDock 4
with ADT:with ADT:
A TutorialA Tutorial

Dr. Ruth HueyDr. Ruth Huey

&&

Dr. Garrett M. MorrisDr. Garrett M. Morris

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 22

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..

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 33

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..

http://autodock.scripps.edu
O. Trott, A. J. Olson,  Journal of Computational Chemistry (2009)

Software News and Update
AutoDock Vina: Improving the Speed and Accuracy of

Docking with a New Scoring Function, Efficient
Optimization, and Multithreading

OLEG TROTT, ARTHUR J. OLSON
Department of Molecular Biology, The Scripps Research Institute, La Jolla, California

Received 3 March 2009; Accepted 21 April 2009
DOI 10.1002/jcc.21334

Published online in Wiley InterScience (www.interscience.wiley.com).

Abstract: AutoDock Vina, a new program for molecular docking and virtual screening, is presented. AutoDock Vina
achieves an approximately two orders of magnitude speed-up compared with the molecular docking software previously
developed in our lab (AutoDock 4), while also significantly improving the accuracy of the binding mode predictions,
judging by our tests on the training set used in AutoDock 4 development. Further speed-up is achieved from parallelism,
by using multithreading on multicore machines. AutoDock Vina automatically calculates the grid maps and clusters the
results in a way transparent to the user.

© 2009 Wiley Periodicals, Inc. J Comput Chem 00: 000–000, 2009

Key words: AutoDock; molecular docking; virtual screening; computer-aided drug design; multithreading; scoring
function

Introduction

Molecular docking is a computational procedure that attempts to
predict noncovalent binding of macromolecules or, more frequently,
of a macromolecule (receptor) and a small molecule (ligand) effi-
ciently, starting with their unbound structures, structures obtained
from MD simulations, or homology modeling, etc. The goal is to
predict the bound conformations and the binding affinity.

The prediction of binding of small molecules to proteins is of
particular practical importance because it is used to screen vir-
tual libraries of drug-like molecules to obtain leads for further
drug development. Docking can also be used to try to predict the
bound conformation of known binders, when the experimental holo
structures are unavailable.1

One is interested in maximizing the accuracy of these predictions
while minimizing the computer time they take, because the compu-
tational resources spent on docking are considerable. For example,
hundreds of thousands of computers are used for running docking
in FightAIDS@Home and similar projects.2

Theory

In the spectrum of computational approaches to modeling receptor-
ligand binding,

a. molecular dynamics with explicit solvent,
b. molecular dynamics and molecular mechanics with implicit

solvent, and
c. molecular docking

can be seen as making an increasing trade-off of the representational
detail for computational speed.3

Among the assumptions made by these approaches is the com-
mitment to a particular protonation state of and charge distribution
in the molecules that do not change between, for example, their
bound and unbound states. Additionally, docking generally assumes
much or all of the receptor rigid, the covalent lengths, and angles
constant, while considering a chosen set of covalent bonds freely
rotatable (referred to as active rotatable bonds here).

Importantly, although molecular dynamics directly deals with
energies (referred to as force fields in chemistry), docking is
ultimately interested in reproducing chemical potentials, which
determine the bound conformation preference and the free energy of
binding. It is a qualitatively different concept governed not only by
the minima in the energy profile but also by the shape of the profile
and the temperature.4, 5

Docking programs generally use a scoring function, which can be
seen as an attempt to approximate the standard chemical potentials
of the system. When the superficially physics-based terms like the
6–12 van der Waals interactions and Coulomb energies are used
in the scoring function, they need to be significantly empirically
weighted, in part, to account for this difference between energies
and free energies.4, 5

Correspondence to: A.J. Olson; e-mail: olson@scripps.edu

Contract/grant sponsor: NIH; contract/grant number: 2R01GM069832

© 2009 Wiley Periodicals, Inc.
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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, Metapocket...)
Here, small molecule docking in protein.
Determine the best binding mode. ( POSE ) .
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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
Can we determine the best solution?

Scoring!
Monday, April 29, 13



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.
Can we get all possible solutions?

Sampling!
Monday, April 29, 13



As everything in 
BIOINFORMATICS...

REPRESENTATION
SCORING 

SAMPLING
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REPRESENTATION

2

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 44

Defining a DockingDefining a Docking

!! PositionPosition

!! xx, , yy, , zz

!! OrientationOrientation

!! qxqx,,  qyqy,,  qzqz,,  qwqw

!! TorsionsTorsions

!! !!11, , !!22, , ……  !!nn

xx

yy

zz

!!11

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 55

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?

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 66

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

! 

"G = (Vbound
L#L

#Vunbound
L#L

)+ (Vbound
P#P

#Vunbound
P#P

)+ (Vbound
P#L

#Vunbound
P#L

)#T"Sconf
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SCORING
AutoDock Vina

ΔGbinding = ΔGvdW + ΔGelec + ΔGhbond + ΔGdesolv + ΔGtors

• ΔGvdW

12-6 Lennard-Jones potential
• ΔGelec

Coulombic with Solmajer-dielectric
• ΔGhbond

12-10 Potential with Goodford Directionality
• ΔGdesolv

Stouten Pairwise Atomic Solvation Parameters
• ΔGtors

Number of rotatable bonds

http://autodock.scripps.edu/resources/science/equations

Monday, April 29, 13
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PROBLEM!
Very CPU time consuming...

Dihidrofolate reductase with a metotrexate (4dfr.pdb)

N=T360/i

N: number of conformations

T: number of rotable bonds

I: incremental degrees

Metotrexato
10 rotable bonds
30º increments (discrete)
1012 plausible conformations!
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SOLUTION
Use of grid maps!

Saves lots of time (compared to classical MM/MD).
Need to map each atom to a grid point.
Limits the search space!. From continue to discrete 
space. 
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AutoGrid Vina + ADT Tools
Use of grid maps!

With VINA + ADT Tools much simplified (*)

Center of grid *
center of a bind ligand.
center of receptor.
a selected atom or coordinate.
Binding Site Center of Mass ( CoM ) . 

Box dimension *
 At least, two times the size of the ligand.
3-Dimensions X,Y, Z.  

Grid resolution (spacing)
default 0.375 Angstroms.

Number of grid points (dimension)
use ONLY even numbers
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Vina + AutoDock Tools 
Good that we have AutoDock Tools (ATD)

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

Monday, April 29, 13

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


AutoDock Tools
Very useful and easy to use! 

Is the free GUI for AutoDock. 

We can use it  for setting up grid size and 
grid position.

We can also prepare the input molecules :  

Adding all hydrogens or only polar 
hydrogens. 

Assigning polar  charges to the ligand and 
the receptor.

Set up rotatable bonds in the ligand using 
a graphical version of AutoTors.

Select the flexible side chains in flexible 
docking.  

Useful for analyzing the results, after vina 
docking. 
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Search algorithms
Simulated Annealing
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Use of a Genetic Algorithm as a sampling method

1

2
3

4

111010.010110.001011.010010

Φ1 Φ2
...

Φ1= 1×25 + 1×24 + 1×23 + 0×22 + 1×21 + 0×20 = 58°

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

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

•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 × 6 bits (0 or 1)

Search algorithms
Genetic Algorithm
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Population (ie, set of chromosomes or configurations)

011010.010110.011010.010111
111010.010110.001011.010010
001010.010101.000101.010001
101001.101110.101010.001000
001010.101000.011101.001011

 Chromosome

 Gene

Search algorithms
Genetic Algorithm
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Genetic operators...

011010.010110.011010.010111

011010.011110.011110.010111

 Single 
mutation

Search algorithms
Genetic Algorithm
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001010.010101.000101.010001

011010.010110.011010.010111

001010.010101.011010.010111

011010.010110. 000101.010001

 Recombination

Genetic operators...

Search algorithms
Genetic Algorithm
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011010.010110.011010.010111
111010.010110.001011.010010
001010.010101.000101.010001
101001.101110.101010.001000
001010.101000.011101.001011

111110.010010.011110.010101
101010.110110.011011.011010
001010.010101.000101.010001
101101.101010.101011.001100
011010.100000.011001.101011

Migration

Genetic operators...

Search algorithms
Genetic Algorithm
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Vina docking results 

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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Vina docking results
One practical case...

43

Vina output log HCBR + Rimonabant  
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AutoDock Vina
Where to get help...

http://vina.scripps.edu
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Vina 1.1.1
Alternatives

Progressive building

Conformational search

Binding site description

Genetic algorithms

Virtual screening

Molecular dynamics

Databases

FLEXX
DOCK
GROW
GroupBUILD
LUDI
LEGEND
SPROUT
BUILDER
GENSTAR

MIMUMBA
COBRA
WIZRAD

GRID

GOLD
Others

AutoDOCK
MCSS
CONCEPTS

CAVEAT
FOUNDATION
CLIX
NEWLEAD
LEAPFROG
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AutoDock 4.0
Why AutoDock over others

10

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 2828

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

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 2929

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

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 3030

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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AutoDock 4.0
Why AutoDock over others

9

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 2525

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!!

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 2626

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

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 2727

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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More accurate 4-fold faster

O. Trott, A. J. Olson, AutoDock Vina: improving the speed and accuracy of docking with a new scoring function, efficient optimization and multithreading, Journal of Computational 
Chemistry 31 (2010) 455-461

Vina vs. Autodock 4
Important improvements...
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Improvements of Vina
Recently published...

QuickVina: Accelerating AutoDock Vina
Using Gradient-Based Heuristics

for Global Optimization
Stephanus Daniel Handoko, Xuchang Ouyang, Chinh Tran To Su,

Chee Keong Kwoh, and Yew Soon Ong

Abstract—Predicting binding between macromolecule and small molecule is a crucial phase in the field of rational drug design.
AutoDock Vina, one of the most widely used docking software released in 2009, uses an empirical scoring function to evaluate the

binding affinity between the molecules and employs the iterated local search global optimizer for global optimization, achieving a
significantly improved speed and better accuracy of the binding mode prediction compared its predecessor, AutoDock 4. In this paper,

we propose further improvement in the local search algorithm of Vina by heuristically preventing some intermediate points from
undergoing local search. Our improved version of Vina—dubbed QVina—achieved a maximum acceleration of about 25 times with the

average speed-up of 8.34 times compared to the original Vina when tested on a set of 231 protein-ligand complexes while maintaining
the optimal scores mostly identical. Using our heuristics, larger number of different ligands can be quickly screened against a given

receptor within the same time frame.

Index Terms—Artificial intelligence, bioinformatics, global optimization, gradient methods.

Ç

1 BACKGROUND

MOLECULAR docking is a computational process trying
to find the binding between a macromolecule (the

receptor) and a small molecule (the ligand). Since it can be
used in predicting binding conformations and affinities
between drug molecules and their target proteins, leading
to the understanding of the biological mechanism behind
those bindings, molecular docking is with great value to
drug design [1].

Generally, docking is an optimization problem that
attempts to find the binding conformation with global lowest
energy, the landscape of which is approximated by a scoring
function. The introduction of flexibility in the ligand, or
further in the receptor as well, will make the problem more
sophisticated [1], [2]. The major issue of the difficulty comes
from the large number of degrees of freedom in modeling the
molecular system. Since 1980s, various programs and soft-
ware have been developed in order to perform molecular
binding, such as DOCK [1], AutoDock [3], GOLD [4], ICM [5],
and FlexX [6] and different scoring functions have been

proposed. However, after decades of development, docking
is still a time-consuming task even with the most powerful
computing resources to-date. In 2009, AutoDock Vina [7]
(referred to as Vina afterward) was released by the same
group who invented the earlier versions of AutoDock, which
is one of the most popular docking software. Vina uses an
empirical scoring function to evaluate the binding affinity
between the molecules, and the iterated local search global
optimizer for global optimization. This combination is
reported to be successful to achieve approximately two
orders of magnitude improvement in speed, and simulta-
neously, a significantly better accuracy of the binding mode
prediction compared to AutoDock 4 [7].

In this paper, we proposed an improvement in the local
search procedure of Vina. By heuristically preventing some
of the intermediate points from performing local search, our
improved version of Vina, named QuickVina (QVina),
achieved a maximum speed-up of about 25 times with an
average speed-up of 8.34 over a testing data set of
231 protein-ligand complexes from the PDBBind [8] and a
tendency to have a higher speed-up with the larger number
of degrees of freedom, without compromising the quality of
docking result.

2 METHODS

2.1 Analyzing the Global Optimization Algorithm in
Vina

At the time this paper is drafted, the source code of the
AutoDock Vina is available free of charge at its website:
http://vina.scripps.edu/. With the lack of detailed explana-
tion on how exactly the search algorithm works in Vina, we
performed a thorough analysis of the source code. In Fig. 1,
we present the pseudocode of the global optimization
approach employed by Vina. Fundamentally, it is a form of
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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

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

One structure known with 5CITEP
Not clear (low resolution)
Binding site near to DNA interacting site
Loop near the binding

Docking + Molecular Dynamics
AMBER snapshots 
AutoDock flexible torsion thetetrazolering 
and indole ring. 
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ISENTRESS example

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

The butterfly compounds were docked to the protein
conformations using AutoDock. The identical docking
protocol was used as with the original 5CITEP docking.
The same two dihedrals in the tetrazole/keto-enol were
allowed to rotate, giving four flexible dihedrals per
compound. The results of docking the butterfly com-
pounds to the different protein snapshots are displayed
in the histograms in Figure 3. Each histogram is
constructed from all the docked energies of a single
butterfly compound. The bars in green represent dock-
ing to open snapshots, the bars in red represent docking

to closed snapshots, and the bars in blue represent
docking to the X-ray structure.

Those butterfly compounds that could take advantage
of both the active site and the trench docked to the open
MD snapshots at lower energies than those butterfly
compounds that could not. The compounds showed no
significant energetic difference when docking to MD
snapshots of the closed trench, or to the X-ray structure.

All 10 compounds docked with better energies to open
snapshots than to closed or X-ray structures. The
greatest difference in energies was seen with compounds
that could take full advantage of the trench (D and I,
with a ∼2 kcal/mol preference for the open snapshots).
Notably, the structures of these ligands are most similar
to the two conformations of the 5CITEP that we saw
earlier when combined. Figure 4 illustrates a typical
docking conformation for these two compounds to an
open protein conformation.

The energies for docking to closed snapshots and to
the X-ray structure are approximately the same for all
10 compounds. This reinforces the idea that the X-ray
structure can be thought of as a closed conformation.

Discussion. The structure of HIV-1 IN in the vicinity
of the active site region is not confidently known. By
combining MD with flexible-ligand docking, we have
shown the existence of a new and possibly important
binding region, the trench. This open protein conforma-
tion was noted in a majority of the snapshots, suggesting
that it is energetically stable. The trench is lined with
residues from the loop region that had been built in
previously (Ile141-Asn144). This reinforces the useful-
ness of the approach whereby MD simulations be run
on proteins that have ambiguous loops built in and
reconstructed.

Figure 1. The two predominant docking conformations of
5CITEP to an open MD snapshot of integrase. The ligand in
green shows 5CITEP in the orientation similar to the crystal
structure of the complex. The ligand in yellow shows 5CITEP
in its “flipped” orientation. Residues lining both ligand posi-
tions are highlighted.

Figure 2. The 10 butterfly compounds. The R group is
modeled after the 5CITEP inhibitor. The compounds comprise
all possible arrangements of the two R groups.

Figure 3. The energy docking histograms for the butterfly
compounds. Data from the open snapshots are shown in green,
from the closed snapshots in red, and from the X-ray structure
in blue. The single horizontal bars indicate overlapping data.

1880 Journal of Medicinal Chemistry, 2004, Vol. 47, No. 8 Letters
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ISENTRESS example
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The butterfly compounds were docked to the protein
conformations using AutoDock. The identical docking
protocol was used as with the original 5CITEP docking.
The same two dihedrals in the tetrazole/keto-enol were
allowed to rotate, giving four flexible dihedrals per
compound. The results of docking the butterfly com-
pounds to the different protein snapshots are displayed
in the histograms in Figure 3. Each histogram is
constructed from all the docked energies of a single
butterfly compound. The bars in green represent dock-
ing to open snapshots, the bars in red represent docking

to closed snapshots, and the bars in blue represent
docking to the X-ray structure.

Those butterfly compounds that could take advantage
of both the active site and the trench docked to the open
MD snapshots at lower energies than those butterfly
compounds that could not. The compounds showed no
significant energetic difference when docking to MD
snapshots of the closed trench, or to the X-ray structure.

All 10 compounds docked with better energies to open
snapshots than to closed or X-ray structures. The
greatest difference in energies was seen with compounds
that could take full advantage of the trench (D and I,
with a ∼2 kcal/mol preference for the open snapshots).
Notably, the structures of these ligands are most similar
to the two conformations of the 5CITEP that we saw
earlier when combined. Figure 4 illustrates a typical
docking conformation for these two compounds to an
open protein conformation.

The energies for docking to closed snapshots and to
the X-ray structure are approximately the same for all
10 compounds. This reinforces the idea that the X-ray
structure can be thought of as a closed conformation.

Discussion. The structure of HIV-1 IN in the vicinity
of the active site region is not confidently known. By
combining MD with flexible-ligand docking, we have
shown the existence of a new and possibly important
binding region, the trench. This open protein conforma-
tion was noted in a majority of the snapshots, suggesting
that it is energetically stable. The trench is lined with
residues from the loop region that had been built in
previously (Ile141-Asn144). This reinforces the useful-
ness of the approach whereby MD simulations be run
on proteins that have ambiguous loops built in and
reconstructed.

Figure 1. The two predominant docking conformations of
5CITEP to an open MD snapshot of integrase. The ligand in
green shows 5CITEP in the orientation similar to the crystal
structure of the complex. The ligand in yellow shows 5CITEP
in its “flipped” orientation. Residues lining both ligand posi-
tions are highlighted.

Figure 2. The 10 butterfly compounds. The R group is
modeled after the 5CITEP inhibitor. The compounds comprise
all possible arrangements of the two R groups.

Figure 3. The energy docking histograms for the butterfly
compounds. Data from the open snapshots are shown in green,
from the closed snapshots in red, and from the X-ray structure
in blue. The single horizontal bars indicate overlapping data.

1880 Journal of Medicinal Chemistry, 2004, Vol. 47, No. 8 Letters

The butterfly compounds were docked to the protein
conformations using AutoDock. The identical docking
protocol was used as with the original 5CITEP docking.
The same two dihedrals in the tetrazole/keto-enol were
allowed to rotate, giving four flexible dihedrals per
compound. The results of docking the butterfly com-
pounds to the different protein snapshots are displayed
in the histograms in Figure 3. Each histogram is
constructed from all the docked energies of a single
butterfly compound. The bars in green represent dock-
ing to open snapshots, the bars in red represent docking

to closed snapshots, and the bars in blue represent
docking to the X-ray structure.

Those butterfly compounds that could take advantage
of both the active site and the trench docked to the open
MD snapshots at lower energies than those butterfly
compounds that could not. The compounds showed no
significant energetic difference when docking to MD
snapshots of the closed trench, or to the X-ray structure.

All 10 compounds docked with better energies to open
snapshots than to closed or X-ray structures. The
greatest difference in energies was seen with compounds
that could take full advantage of the trench (D and I,
with a ∼2 kcal/mol preference for the open snapshots).
Notably, the structures of these ligands are most similar
to the two conformations of the 5CITEP that we saw
earlier when combined. Figure 4 illustrates a typical
docking conformation for these two compounds to an
open protein conformation.

The energies for docking to closed snapshots and to
the X-ray structure are approximately the same for all
10 compounds. This reinforces the idea that the X-ray
structure can be thought of as a closed conformation.

Discussion. The structure of HIV-1 IN in the vicinity
of the active site region is not confidently known. By
combining MD with flexible-ligand docking, we have
shown the existence of a new and possibly important
binding region, the trench. This open protein conforma-
tion was noted in a majority of the snapshots, suggesting
that it is energetically stable. The trench is lined with
residues from the loop region that had been built in
previously (Ile141-Asn144). This reinforces the useful-
ness of the approach whereby MD simulations be run
on proteins that have ambiguous loops built in and
reconstructed.

Figure 1. The two predominant docking conformations of
5CITEP to an open MD snapshot of integrase. The ligand in
green shows 5CITEP in the orientation similar to the crystal
structure of the complex. The ligand in yellow shows 5CITEP
in its “flipped” orientation. Residues lining both ligand posi-
tions are highlighted.

Figure 2. The 10 butterfly compounds. The R group is
modeled after the 5CITEP inhibitor. The compounds comprise
all possible arrangements of the two R groups.

Figure 3. The energy docking histograms for the butterfly
compounds. Data from the open snapshots are shown in green,
from the closed snapshots in red, and from the X-ray structure
in blue. The single horizontal bars indicate overlapping data.

1880 Journal of Medicinal Chemistry, 2004, Vol. 47, No. 8 Letters

MD Two-trenches
MD One-trench

X-Ray
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ISENTRESS example

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

These results bring up some important issues. We
have discovered a potentially important part of the IN
enzyme which should be considered for drug targeting.
Earlier work suggests that residues 141-148 constitute
an important region for the enzymatic mechanism, and
that its behavior could point to the need for flexibility
for efficient catalytic activity.9 Additionally, the region
between residues 139-152 had been identified as the
one interacting with DNA.10

Some of the butterfly compounds were able to take
advantage of the open trench and others were not,
providing a testable prediction that we feel is reliable
and reproducible, within the limitation of the theory
applied. This is especially true because the butterfly
compounds showed no significant energetic difference
when docking to MD snapshots that were closed.

The work shown here used ligand shape as the
optimizing factor. We did not look at variations in
functional groups, charge, or spacer length. These are
obvious next steps for pharmacophore development of
HIV-1 IN. The Relaxed-Complex method has proven an
effective tool for the general ranking of compounds

within families. Given a new family of inhibitors, we
could theoretically rank binding as well.

Acknowledgment. H.H.N. was an NIH postdoctoral
fellow (F32-GM63094). C.A.S. is grateful to the Austrian
Science Fund for a postdoctoral fellowship (J1758-GEN).
We thank Dr. Arthur Olson for the AutoDock program.
This work was supported, in part, by grants to JAM
from NIH, NSF, and NPACI/SDSC.

References

(1) Goldgur, Y.; Craigie, R.; Cohen, G. H.; Fujiwara, T.; Yoshinaga,
T.; Fujishita, T.; Sugimoto, H.; Endo, T.; Murai, H.; Davies, D.
R. Structure of the HIV-1 integrase catalytic domain complexed
with an inhibitor: A platform for antiviral drug design. Proc.
Natl. Acad. Sci. U.S.A. 1999, 96, 13040-13043.

(2) Sotriffer, C. A.; Ni, H.; McCammon, J. A. HIV-1 Integrase
Inhibitor Interactions at the Active Site: Prediction of Binding
Modes Unaffected by Crystal Packing. J. Am. Chem. Soc. 2000,
122, 6136-6137.

(3) Barreca, M. L.; Lee, K. W.; Chimirri, A.; Briggs, J. M. Molecular
Dynamics Studies of the Wild-Type and Double Mutant HIV-1
Integrase Complexed withy the 5CITEP Inhibitor: Mechanism
for Inhibition and Drug Resistance.Biophys. J. 2003, 84, 1450-
1463.

(4) Varmus, H.; Coffin, J. M.; Hughes, S. H. Retroviruses; Cold
Spring Harbor Laboratory Press: Plainview, NY, 1997.

(5) Lin, J.-H.; Perryman, A. L.; Schames, J. R.; McCammon, J. A.
Computational Drug Design Accommodating Receptor Flex-
ibility: The Relaxed Complex Scheme. J. Am. Chem. Soc. 2002,
124, 5632-5633.

(6) Ni, H.; Sotriffer, C. A.; McCammon, J. A. Ordered Water and
Ligand Mobility in the HIV-1 Integrase-5CITEP Complex: A
Molecular Dynamics Study. J. Med. Chem. 2001, 44(19), 3043-
3047.

(7) Case, D. A.; Pearlman, D. A.; Caldwell, J. W.; Cheatham, T. E.,
III; Ross, W. S.; Simmerling, C. L.; Darden, T. A.; Merz, K. M.;
Stanton, R. V.; Cheng, A. L.; Vincent, J. J.; Crowley, M.;
Ferguson, D. M.; Radmer, R. J.; Seibel, G. L.; Singh, U. C.;
Weiner, P. K.; Kollman, P. A. Amber 5; University of Califor-
nia: San Francisco, 1997.

(8) Morris, G. M.; Goodsell, D. S.; Halliday, R. S.; Huey, R.; Hart,
W. E.; Belew, R. K.; Olson, A. J. Automated docking using a
Lamarckian genetic algorithm and an empirical free energy
function. J. Comput. Chem. 1998, 19, 1639-1662.

(9) Lins, R. D.; Briggs, J. M.; Straatsma, T. P.; Carlson, H. A.;
Greenwald, J.; Choe, S.; McCammon, J. A. Molecular Dynamics
Studies on the HIV-1 Integrase Catalytic Domain. Biophys. J.
1999, 76, 2999-3011.

(10) Heuer, T. S.; Brown, P. O. Mapping Features of HIV-1 Integrase
Near Selected Sites on Viral and Target DNA Molecules in an
Active Enzyme-DNA Complex by Photo-Cross-Linking. Biochem-
istry 1997, 36, 10655-10665.

JM0341913

Figure 4. Compounds D (blue) and I (red) superimposed in
the same open MD snapshot. Each ligand samples the active
site and the trench for maximal binding energy.
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The butterfly compounds were docked to the protein
conformations using AutoDock. The identical docking
protocol was used as with the original 5CITEP docking.
The same two dihedrals in the tetrazole/keto-enol were
allowed to rotate, giving four flexible dihedrals per
compound. The results of docking the butterfly com-
pounds to the different protein snapshots are displayed
in the histograms in Figure 3. Each histogram is
constructed from all the docked energies of a single
butterfly compound. The bars in green represent dock-
ing to open snapshots, the bars in red represent docking

to closed snapshots, and the bars in blue represent
docking to the X-ray structure.

Those butterfly compounds that could take advantage
of both the active site and the trench docked to the open
MD snapshots at lower energies than those butterfly
compounds that could not. The compounds showed no
significant energetic difference when docking to MD
snapshots of the closed trench, or to the X-ray structure.

All 10 compounds docked with better energies to open
snapshots than to closed or X-ray structures. The
greatest difference in energies was seen with compounds
that could take full advantage of the trench (D and I,
with a ∼2 kcal/mol preference for the open snapshots).
Notably, the structures of these ligands are most similar
to the two conformations of the 5CITEP that we saw
earlier when combined. Figure 4 illustrates a typical
docking conformation for these two compounds to an
open protein conformation.

The energies for docking to closed snapshots and to
the X-ray structure are approximately the same for all
10 compounds. This reinforces the idea that the X-ray
structure can be thought of as a closed conformation.

Discussion. The structure of HIV-1 IN in the vicinity
of the active site region is not confidently known. By
combining MD with flexible-ligand docking, we have
shown the existence of a new and possibly important
binding region, the trench. This open protein conforma-
tion was noted in a majority of the snapshots, suggesting
that it is energetically stable. The trench is lined with
residues from the loop region that had been built in
previously (Ile141-Asn144). This reinforces the useful-
ness of the approach whereby MD simulations be run
on proteins that have ambiguous loops built in and
reconstructed.

Figure 1. The two predominant docking conformations of
5CITEP to an open MD snapshot of integrase. The ligand in
green shows 5CITEP in the orientation similar to the crystal
structure of the complex. The ligand in yellow shows 5CITEP
in its “flipped” orientation. Residues lining both ligand posi-
tions are highlighted.

Figure 2. The 10 butterfly compounds. The R group is
modeled after the 5CITEP inhibitor. The compounds comprise
all possible arrangements of the two R groups.

Figure 3. The energy docking histograms for the butterfly
compounds. Data from the open snapshots are shown in green,
from the closed snapshots in red, and from the X-ray structure
in blue. The single horizontal bars indicate overlapping data.
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5CITEP to an open MD snapshot of integrase. The ligand in
green shows 5CITEP in the orientation similar to the crystal
structure of the complex. The ligand in yellow shows 5CITEP
in its “flipped” orientation. Residues lining both ligand posi-
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Figure 2. The 10 butterfly compounds. The R group is
modeled after the 5CITEP inhibitor. The compounds comprise
all possible arrangements of the two R groups.

Figure 3. The energy docking histograms for the butterfly
compounds. Data from the open snapshots are shown in green,
from the closed snapshots in red, and from the X-ray structure
in blue. The single horizontal bars indicate overlapping data.
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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.

Monday, April 29, 13



Vina
Things to know before using AutoDock

11

5/13/085/13/08 Using AutoDock 4 with  ADTUsing AutoDock 4 with  ADT 3131

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
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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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Vina
There is a nice tutorial, let´s try it :)

http://vina.scrippts.edu/tutorial.html
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Hands on !

• Monday 13th May : AutoDock Vina tutorial. 

• We will use ( in LINUX! ) : 
• AutoDock Tools ADT . http://mgltools.scripps.edu/

downloads

• AutoDock Vina. http://vina.scripps.edu/download.html

• Pymol . http://www.pymol.org/

59

fmartinez@pcb.ub.es
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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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