This page intentionally blank.

Introduction

On-line Document Instructions

Thismanual has been distributedinseveral formats. The postscript(*.ps)formatis suitableforprinting. The portabledocumentformat(*.pdf)issuitableforon-lineviewingand printing,butrequires the Adobe AcrobatReader program (version 3.0). This program is available for most computingplatformsand may be downloadedfree over the web fromAdobe. Please see http://www.adobe.com.The hypertext format (*.html) is suitable for on-line viewing using any web browser.

Byviewingthismanualon-line,youmaytake advantage ofthe hypertextlinksthroughoutthe document. Hypertextlinksare identifiedby color(forexample, see Table 1. NewFeatures). Activatinga linkwith the mouse cursor will cause information in the related section to be brought into view.

Installation

DOCKis currentlydistributedviaemail,ftp,ortape cartridge(8mmexabyte orQIC-150). Create a direc-

tory for the DOCKhierarchy in the desired installationlocation. Uncompress the tar archive you received (uncompress dock*.tar.Z) and extract itintothis directory(tar xvf dock*.tar). The file0README outlines the directoryhierarchy and provides installationinstructions. DOCKis writtenin Fortran and C. It has been tested on SiliconGraphics workstations,but it should compilewithsome modifications on other Unix platforms.

What's New in DOCK 4.0

Table 1. New Features

Orientation Search The binding mode orientation search ofDOCK has been rewritten, so that matching is now completely exhaustive within the geometric bounds specifiedbythe user. The orientationsearch can be performedinseveral ways, as automated matching, as manual matching, or as a random search.

Conformation Search All rotatable bonds are searched exhaustively using thesimultaneous search. Alternatively, a rigid core is docked and the flexible parts reattached incrementallyusingthe anchor-firstsearch. Conformationsare locally optimized.

Chemical Score Chemical complementarity of docked molecules may be enhanced with a user-tailored scoring function. The "chemical score" may be partitioned into any number of chemical interactions whose definitions are under complete user control.

Chemical Screen Molecules may be rapidly filtered with asimilarity screen based on an active molecule or with apharmacophore screen.

DOCK Functionality Docking functions have been separated into independent components. Each may be combined in a flexible fashion to perform many different computational tasks.

Introduction

Overview of the DOCK program suite_{C.M. Oshiro}

Programs

The relationshipbetween the main programs inthe dock suite is depicted inFigure1. These routines willbe described below;more details can be foundinvariouspapers. Welista smallsubset ofpapers. Review articles on the method can be found in Kuntz [1] and Kuntz, Meng and Shoichet [2].

Figure 1. Main programs in DOCK suite

Program sphgen identifiesthe activesite, and other sites ofinterest, and generates the sphere centers whichfillthe site. Ithas been described inthe originalpaper: Kuntz,et al. [3]. Program gridgenerates the scoringgrids;detailscan be foundinShoichet,Bodianand Kuntz[4]and Meng,Shoichetand Kuntz [5]. Withinthe DOCKsuite ofprograms, the programDOCKmatches spheres (generated bysphgen)with ligand atoms and uses scoring grids (fromgrid) to evaluate ligand orientations; descriptions can be found in Kuntz,et al. [3] and Shoichet, Bodian and Kuntz[4]. Program DOCKalso minimizesenergy based scores; description of minimization can be found in Meng, Gschwend, Blaney and Kuntz [6].

Several stand-alone docking-relatedprograms exist. Program cluster generates alternativeclusters of sphere centers withinthe active site. Ituses as input,filesfromprogram sphgen. For energy scoring, ligand atom van der Waal attractive and dispersive factors and partial charges are also required.

General Concepts

This document is intended to give an overviewof the ideas whichformthe basis of the DOCKsuite of programs. Itis not intended to be a reference manual or a user’sguide forthe programs, nor a substitute forallthe papers writtenon DOCK. Rather, itgives a synopsis ofthe structure ofthe programs and concepts underlying the programs.

sphgen

site characterization negative image of site

grid

precompute score grids for rapid dock evaluation

DOCK

screen molecules for complementarity with receptor ligand coordinates receptor coordinates

Introduction

The DOCKsuite ofprograms is designed to findfavorableorientationsofa ligandina “receptor.” Itcan be subdividedinto(i)those programs related directlyto dockingofligandsand (ii)accessory programs. We limitthe discussion inthis section to onlythose programs and methods related to dockinga ligand in a receptor. Atypicalreceptor mightbe an enzyme witha well-definedactive site, though any macromoleculemay be used (e.g. a structuralprotein,a nucleicacid strand, a “true”receptor). We’lluse an enzyme as an example in the rest of this discussion.

The startingpointofalldockingcalculationsis generallythe crystalstructure ofan enzyme froman enzyme-ligandcomplex. The ligand structure may be taken fromthe crystal structure of the enzymeligandcomplexor froma database ofcompounds, such as the Cambridge CrystallographicDatabase [7] or the Concord-generated [8] set of coordinates fromthe AvailableChemicals Directory, or ACD, (fromMolecularDesign,Ltd.,San Leandro,CA). Theprimaryconsiderationinthe design ofourdocking programs has been to develop methods whichare both rapid and reasonably accurate. These programs can be separated functionally into roughly two parts, each somewhat independent of the other:

• Routines which determine the orientation of a ligand relative to the receptor.

• Routines which evaluate (score) a ligand orientation.

There is a lotofflexibility.Youcan generate orientationsoutside ofDOCKand score them withthe DOCK evaluationfunctions. Alternatively,youcan develop yourownscoringroutines to replace the functions supplied withDOCK.

The ligand orientationin a receptor site is broken down into a series of steps, in differentprograms. First,a potentialsite ofinterest on the receptor is identified.(Often,the active site is the site ofinterest and is knowna priori.) Withinthis site, pointsare identifiedwhere ligandatoms may be located. Aroutinefromthe DOCKsuite ofprograms identifiesthese points,called sphere centers, by generating a set of overlappingspheres whichfillthe site. Rather than using DOCKto generate these sphere centers, importantpositionswithinthe activesite maybe identifiedbysome other mechanism and used by DOCK as sphere centers. For example, the positionsof atoms fromthe bound ligandmay be used as these sphere centers. Or,a gridmay be generated withinthe site and each gridpointmay be considered as a sphere center. Our sphere centers, however, attempt to capture shape characteristics ofthe active site (orsite ofinterest)witha minimumnumberofpointsand withoutthe bias ofpreviouslyknownligand binding modes.

To orient a ligandwithinthe active site, some of the sphere centers are “matched”withligandatoms. Thatis, a sphere center is “paired”withan ligandatom. Manysets ofthese atom-sphere pairs are generated, each set containingonlya small number of sphere-atom pairs. In order to limitthe number of possible sets of atom-sphere pairs, a longest distance heuristicis used; (long)inter-sphere distances are roughlyequal to the corresponding(long)inter-atomicliganddistances. Aset ofatom-sphere pairs is used to calculate an orientationofthe ligandwithinthe site ofinterest. The set ofsphere-atom pairs whichare used to generate an orientationis often referred to as a match. The translationvector and rotationmatrixwhichminimizesthe rmsd of (transformed)ligandatoms and matchingsphere centers of the sphere-atom set are calculated and used to orient the entire ligand within the active site.

The orientationofthe ligandis evaluated witha shape scoringfunctionand/or a functionapproximating the ligand-enzymebindingenergy. Allevaluations are done on (scoring)gridsinorder to minimizethe overallcomputationaltime. Ateach gridpoint,the enzyme contributionsto the score are stored. That is, receptor contributionsto the score, potentiallyrepetitiveand time consuming, are calculated only once; the appropriate terms are then simply fetched from memory.

The shape scoring functionis an empiricalfunctionresembling the van der Waal attractiveenergy. To generate the shape score, the receptor terms fromthe gridpointnearest to each non-hydrogenligand atom are summed together. Thatis, the shape score is determinedsimplybythe positionofeach ligand atom on the shape scoring grid.

The ligand-enzymebindingenergy is taken to be approximatelythe sum ofthe van der Waalattractive, van der Waaldispersive, and Coulombicelectrostaticenergies. Approximationsare made to the usual molecularmechanics attractiveand dispersive terms foruse on a grid. To generate the energy score, the ligandatom terms are combined withthe receptor terms fromthe nearest gridpoint,or combined withreceptor terms froma “virtual”gridpointwithinterpolatedreceptor values. The score is the sum of over all ligandatoms forthese combined terms. In this case, the energy score is determined by both ligand atom types and ligand atom positions on the energy grids.

Introduction

Asa finalstep, inthe energy scoringscheme, the orientationofthe ligandmaybe variedslightlyto minimizethe energy score. Thatis, afterthe initialorientationand evaluation(scoring)ofthe ligand,a gridbased rigidbodysimplexminimizationisused tolocate the nearest localenergy minimum. Thesphere centers themselves are simplyapproximationsto possible atom locations;the orientations generated by the sphere-atom pairing, although reasonable, may not be minimal in energy.

Specific Concepts: mechanisms to limitCPU time

Sphere Centers

From an unknownsource: “...what’sgood about DOCKis that ituses spheres; what’sbad about DOCK is that it uses spheres...”

Spheres are generated to fillthe target site. The sphere centers are putative ligand atom positions. Theiruse is an attempt tolimitthe enormous number ofpossible orientationswithinthe activesite. Like ligandatoms, these spheres touch the surface ofthe moleculeand do not intersect the molecule. The spheres are allowedto intersect other spheres; i.e. they have volumes whichoverlap. Each sphere is represented by the coordinates ofits center and its radius. Onlythe coordinates ofthe sphere centers are used to orient ligands within the active site (see above). Sphere radii are used in clustering.

The number oforientationsofthe ligandinfree space is vast. The number oforientationspossible from all sets of sphere-atom pairings is smaller but still large and cannot be generated and evaluated (scored) in a reasonable length of time. Consequently, various filtersare used to eliminatefromconsideration, before evaluation, sets of sphere-atoms pairs, whichwillgenerate poorlyscoring orientations. That is, onlya smallsubset ofthe number ofpossible ligandorientationsare actuallygenerated and scored. The distance tolerance is one filter.Sphere “coloring”and identificationof“critical”spheres are other filters.

Sphere-sphere distances are compared to atom-atomdistances. Sets ofsphere-atom pairs are generated inthe followingmanner: sphere iis paired withatom Iifand onlyifforeverysphere jinthe set and for every atomJ in the set,

Equation 1

where dijis the distance between sphere iand sphere j, dIJ is the distance between atom Iand atom J, and ε is a somewhat small user-defined value.

*Note:since DOCKmatches spheres withligandatoms bycomparingdistances between sphere pairs and ligandatom pairs, the mirrorimage ofthe ligandatoms (used inthe match)may be a better fit,inthe rmsd sense, to the spheres, than the atoms ofthe real, non-mirror-reflectedligand. Consider,forexample, the distances between the fouratoms bonded toa chiralcarbon center and the distances between the fouratoms bonded tothe mirror-imageofthatchiralcar-bon center: the distances are the same, but the twosets offouratoms cannot be superimposed upon one another, unless the chiralityofone is reversed. In a similarmanner, the chiralityof the ligandatoms used in the match may be opposite to that of the matching spheres.

Chemical Matching

DOCKspheres are generated withoutregard to the chemical properties of the nearby receptor atoms.

Sphere “chemicalmatching”or “coloring”associates a chemical property to spheres and a sphere of one “color”can onlybe matched witha ligandatom ofcomplementarycolor. These chemicalproperties may be thingssuch as “hydrogen-bonddonor,”“hydrogen-bondacceptor,”“hydrophobe,”“electro-pos-itive,”“electro-negative,”“neutral,”etc. Neitherthe colors themselves, nor the complementarityofthe colors,are determinedbythe DOCKsuite ofprograms; DOCKsimplyuses these labels. Withthe inclusion ofcoloring,onlyligandatoms withthe appropriate chemicalproperties are matched to the complementary colored spheres. Itis probablymore likely,then, that the orientationgenerated willproduce a favorable score. Conversely, by excludingcolored spheres frompairingwithcertain ligand atoms, the number of (probably)unfavorable orientations which are generated and evaluated can be reduced. Note that requiringcomplementarityin matchingdoes not mean that allligandatoms willliein chemi-

d_{ij} d_{IJ}– ε<

Introduction

callycomplementaryregions ofthe enzyme. Rather, onlythose ligandatoms, when paired witha colored sphere which is part of the sphere-atom match, willbe guaranteed to be in the chemically complementaryregionofthe enzyme (providedchiralityofthe spheres isthe same as that ofthe matching ligand atoms).

Critical Points

The "criticalpoint"filterrequires that certain spheres be part of the set of sphere-atom pairs used to orientthe ligand[9].Designatingspheres as criticalpoints forces the ligandto have at least one atom inthat area ofthe enzyme, where that sphere is located. Thisfiltermay be useful, forexample, when itis knownthat a ligandmust occupya particulararea ofan activesite. Thisfilterremoves fromconsideration any orientationthat does not guarantee at least one ligandatom incriticalareas ofthe enzyme (provided chirality of the spheres is the same as that of the matching ligand atom).

Scoring Filters

Aftera ligandis oriented withinthe activesite, the orientationis evaluated. Inan attempt to reduce the totalcomputationaltime,after the ligandis oriented inthe site, ligandatoms are firstchecked to determine whether or not they occupy space already occupied by the receptor. This is often referred to as “bumpchecking.”Iftoo manyofsuch “bumps”are found,then the ligandis likelyto intersect the receptor even after minimization; consequently, the ligand orientation is discarded before evaluation.

Caveats

Inthe attempt to balance computationalprocessing timeand accuracy, approximationsand simplifications were made to the scoring functions.The interactionenergy function,for example, lacks explicit hydrogen-bondingterms, solvation/desolvationterms, or hydrophobicityterms. Moreaccurate methods do exist forevaluatingliganddocking,but at the expense of additionalcomputationaltime. DOCK willdo no better than the accuracy of its scoring function. That is, its abilityto predict a novel ligand bindingorientationand reproduce a crystalorientationis limitedbythe accuracy ofits scoringfunction.

References

1. Kuntz, I.D. Structure-based strategies for drug design and discovery. Science 257: 1078-1082, 1992.

2. Kuntz,I.D.,Meng, E.C. and Shoichet, B.K.Structure-based molecular design. Acc. Chem. Res.

27(5): 117-123, 1994.

3. Kuntz, I.D., Blaney, J.M., Oatley, S.J., Langridge, R. and Ferrin, T.E. A geometric approach to macromolecule-ligand interactions.J. Mol. Biol. 161: 269-288, 1982.

4. Shoichet, B.K.,Bodian,D.L.and Kuntz,I.D.Moleculardockingusing shape descriptors. J. Comp.

Chem. 13(3): 380-397, 1992.

5. Meng,E.C., Shoichet, B.K.and Kuntz,I.D.Automateddockingwithgrid-based energy evaluation.

J. Comp. Chem. 13: 505-524, 1992.

6. Meng, E.C., Gschwend, D.A.,Blaney, J.M. and Kuntz,I.D.Orientationalsampling and rigid-body minimization in molecular docking.Proteins. 17(3): 266-278, 1993.

7. Allen,F.H., Bellard, S., Brice, M.D.,Cartwright,B.A.,Doubleday, A., Higgs, H., Hummelink,T., Hummelink-Peters,B.G., Kennard, O., Motherwell,W.D.S.,Rodgers, J.R. and Watson, D.G.The Cambridge CrystallographicData Centre: computer-based search, retrieval,analysis and display of information.Acta Cryst. B35: 2331-2339, 1979.

8. Rusinko, A., Sheridan, R.P., Nilakatan, R., Haraki, K.S., Bauman, N. and Venkataraghavan, R.

Using CONCORDto construct a large database of 3-dimensional coordinates from connection tables. J. Chem. Info. Comput. Sci. 29: 251-255, 1989.

Introduction

9. DesJarlais, R.L.and Dixon,J.S. AShape- and chemistry-based dockingmethod and itsuse inthe design of HIV-1 protease inhibitors.J. Comput-Aided Molec. Design. 8: 231-242, 1994.

This page intentionally blank.

Users Guide

Scope of This Guide

Thissection is intended as a supplement tothe DOCKReference Manual. Itcontains twomainsections. The GettingStarted section is geared towards the new user whoneeds some directguidance through the dockingprocess. The AdvancedTechniques section is geared towards the experienced user and introduces new features and concepts in version 4.0.

What DOCK Can Do for You

The new versionofDOCKcan be used inmany ways to aid incomputationaltasks. The followingtable, Table 1 lists how the new features can be combined together to accomplishdifferenttasks. Onlythe basic tasks willbe discussed inthe GettingStarted section. Please refer to the AdvancedTechniques section (or followthe linkscontained withthe table) for a discussion of each feature and refer to the Reference Manual for a listing of all associated parameters.

Table 1. DOCK Functionality

flexible_ligand
orient_ligand
score_ligand
multiple_ligands
chemical_screen
parallel_jobs

Perform a conformation search of a molecule. X Generate configurations of a molecule in a site. X X Dock a flexible molecule (withanchor-first search optional). X X X Dock a database of flexible molecules. X X X X Generate conformations and compute internal scores. X X Generate conformations for a database of molecules. X X Keya database fora chemicalscreen (similarityorpharmacophore). X X X Parse a database, processing each conformer by parallel jobs. X X X Perform an orientation search of a molecule in a site. X Perform rigid docking of the input conformation of a molecule. X X Perform rigid docking of a database. X X X Performscoringorscore optimizationofinputpositionofa molecule. X Score/minimize database of molecules or molecule configurations. X X Read/write a database of molecules (file format conversion). X Filter a database by chemical screen (similarity or pharmacophore). X X Parse a database, processing each molecule by parallel jobs. X X

Users Guide Getting Started

Getting Started

written by Cindy Corwin and Todd Ewing

Figure 1. Docking Task Flowchart

PDB receptor or complex structure

TEXT EDITOR: remove ligand, cofactors, waters, ions

PDB receptor

MS molecular surface

SPH site points

PDB grid box

MOL2 receptor

scoring grids ligand database

SD ligand(s)

MOL2 ligand(s)

PDB ligand PDB receptor

docked ligand(s)

grid

showbox sphgen,

other tools

dock sdf2mol2 & sybdb (SYBYL)

ms sybyl:

model missing atoms/residues

sybyl:

assign atom types, add hydrogens, assign charges

sybyl:

add hydrogens, assign charges

isis

Getting Started Users Guide

Overview

Thissection ofthe users guide is intended to help a new user ofdockget started withtheirfirstdocking project. Itdescribes the steps a user wouldtypicallytake to applythe programs to a macromolecular target and potentialligandsofinterest. Whilethe reference manual describes indetailthe variousinput and output files,this guide is meant to convey the process in informalterms. Some of the difficulties we have encountered as well as approaches we have found useful are discussed.

DOCKis a programforlocatingfeasible bindingorientations,giventhe structures ofa "ligand"molecule

and a "receptor"molecule. Whatisconsidered feasibledepends on howthe orientationsare evaluated. Current options are a contact (shape-fitting)score,a force fieldinteractionenergy and a new user-de-finedchemicalscoringscheme. DOCKgenerates manyorientationsofone ligand. The best-scoring orientation of each molecule is saved, and the best-scoring molecules are written out. Some of the molecules inthe listofbest-scoring compounds, perhaps withmodifications,may be interestingas potential new ligands for the receptor.

The basic requirement fordockingis a structure ofthe macromoleculeofinterest. The dockingprocedure can be dividedintofourgeneral stages: ligandpreparation, site characterization,scoringgridcalculation, and docking itself. Please refer toFigure 1 while reading this guide.

Site characterization is the process of decidingwhat areas of the receptor site to study. This is done byconstructingsite pointsto map out the negative image ofthe activesite. These site pointsare used by DOCK to construct orientations of the ligand.

Scoring grid calculations are necessary so that DOCK can evaluate ligand orientations rapidly.

The finalstage of the process is running DOCKand viewingthe results. DOCKuses the site points to generate ligandorientations,then uses the precomputed grids to evaluate the orientations. The bestscoring molecules or orientations may be viewed using a molecular graphics program.

There are multipletasks involvedin the dockingprocess, and each task can require many decisions over inputparameters. We hope thisbeginner’sguide willmake iteasier to navigate throughthe tasks and to select sensible parameters.

Organizing Your Workspace

Itis a good idea to make a make a new UNIXdirectoryforeach dockingprojectusing the UNIXmkdir command. Withinthis project directory make a sub-directory for each of the main tasks. Make a

struc/ sub-directoryto hold the ligand and receptor coordinates and molecular surfaces. Make a
site/ sub-directoryto hold the site pointfiles. Make a grid/ sub-directoryto hold the scoring grid

files. Make adock/ sub-directory to hold the dock files.

A Caution Concerning Disk Space

The outputfromsome ofthe programs associated withDOCK, particularlyMS,SPHGEN, and DOCKitself, may require substantial amounts ofdiskstorage. Check before startingyourjobto make sure there is space available. Itis a good idea to be cautious at first:use restrictiveparameters choices withonlya handfulofligands, to make sure that you are gettingthe results you desire. WhileDOCKjobs are running, check to be sure they are not creating overly large files.

Ligand Preparation

Single Ligand

Beforeyou can dock a ligand,you willneed atom types and charges forevery atom inthe ligand. Itis recommended that youuse SYBYLMOL2formatforthe ligandfilesince itcontains fieldsforatom types and charges. For a single ligand(orseveral ligands),you can use sybylto prepare a MOL2fileforthe ligand.

Users Guide Getting Started

Ligand Database

Check ifa database ofligandshas already been prepared at yoursite. Again,we recommend that this database be inSYBYLMOL2format. Ifthe MOL2database does not exist, then you willneed to construct it. Typically,the AvailableChemicals Directory(ACD)is used as a liganddatabase. Thisdatabase is distributedbyMolecularDesignLtd.(San Leandro,CA)foruse withthe isisdatabase package. The ACDcan be outputfromISIS inan SD-formatfile. Use sdf2mol2&sybdb to generate a MOL2file from the SD file. This conversion requiressybyl (from Tripos) to assign atom types and charges.

Site Characterization

WorkingWithMacromolecularModelsand Generating the Molecular Surface

Removing Ligands and Crystallographic Waters

The macromolecularstructure youare workingwithmay includea ligand,and crystalstructures usually contain water molecules and sometimes ions whichwere found on the surface of the protein. These molecules are usuallynot includedas inputto ms. To prepare formolecularsurface generation, make a copy ofthe proteincoordinate file. Ifthere is a ligandpresent, remove itby deletingallofits records (they often start withHETATMin BrookhavenProtein Data Bank formatfiles)fromyourcopy of the file. (Note - sometimes, as in the case of a cofactor or catalyticmetal ion, itmay make chemical sense to keep a ligand in the PDB file.) Whether or not crystallographicwaters and ions should be preserved when generating surfaces foruse by sphgen is a matter of some debate. In structures of complexes, water molecules and ions are often foundinthe proteinbindingpocket along withthe ligand(s). However, ligandscan displace waters and ions,and the volumeofa receptor site willbe exploredmorecompletelyifthe waters and ions are removed, so ifyoudon’thave particularreasons forpreserving any of the water molecules or ions inthe crystal,itis probablybest to remove allofthem. Waters are usually located near the end ofthe PDB fileand are often HETATMrecords withHOHor WATresidue types. Ions are often near the waters in the PDB file.

Please note that the PDBfileused forgenerating the molecularsurface should not includehydrogenatoms. NMRstructures willincludehydrogens; delete the hydrogens froma copy ofeach structure and use that copy in ms.

Creating the Molecular Surface

The dot surface whichwillbe used to produce spheres is generated bythe programms, availablefrom Quantum ChemistryProgram Exchange (QCPE). When setting up fordocking,itis acceptable just to generate surface forthe site ofinterest and adjacent regions (see documentationforget_near_res and automs); this willalso reduce the computer timeused by SPHGEN. Note: SPHGEN requires that the surface points must have associated normals.

Ifyou use the QCPE versionof MS, you must run reformatmsto convertthe surface to the formatused by SPHGEN(bothformatsare described inthe reference manual section on REFORMATMS). REFORMATMS is interactive and requires the surface and the PDB file used to generate the surface.

Users ofthe UCSF MidasPluspackage may use the output fromthe DMSprogram directlyas inputfor

SPHGEN.

Representing the Site With Spheres

We typicallyuse SPHGEN to construct shape-based site points, but you may use any other program to construct site points. Withthe use ofother programs youmay includeconsiderations ofchemicalcomplementarityinyoursite points. Acommonalternativeto SPHGENis the Goodford’sgridprogram(Peter Goodford).

Getting Started Users Guide

SPHGEN

sphgen uses the points ofthe molecularsurface and theirassociated normals to determine spheres to fillthe site. Itthen reduces the number ofspheres to one per atom and groups them intoclusters. You can inspect these clusters and regroup the spheres if necessary.

Creating INSPH

The parameters whichtellSPHGEN exactlyhowto create the surface are placed ina filecalled INSPH, whichmustbe present when SPHGENisrun. Thecontents ofthisfileare described inthe reference manual. Tocreate it,make a filewitheach variableon a separate line. Mostofthe parameter values given inthe reference manual should workfine. Youwillneed to replace msfilwiththe name ofyoursurface file andoutfil with the desired name of your output file.

Running SPHGEN

SPHGEN must use the directorycontainingINSPH as its workingdirectory;this means that itshould be

started whileyou are inthat directory. The SPHGEN outputfilecontains clusters ofspheres whichhave been selected and grouped by SPHGEN;the clusters are listedinorderofdecreasing size. The last cluster, numbered 0, contains allthe spheres produced. Itmay be used withthe program cluster to make new sphere clusters if the original clustered output doesn't describe the site well.

Looking at the Output

Once you’vegenerated spheres, you should lookat the sphere clusters using a moleculedisplayprogram. showsphere may be used to generate a PDB-likefileof sphere centers fordisplay. Itcan also generate a surface forthe sphere cluster(inthe MSformatused bySPHGEN). SHOWSPHEREisinteractive. Youwillbe promptedforthe name ofthe clusterfile(thatis, the SPHGENoutput),the number ofthe cluster, and names forthe desired outputfile.Inthe PDB-likefileofsphere center coordinates, each sphere is a separate residue and the spheres are separated by TER cards.

Getting a Good Sphere Cluster

Displayingthe proteinand sphere centers together should tellyou how each sphere cluster is related to the site youare tryingto represent. Examinesphere clusters untilyoufindone that occupies the regionintowhichyou want to dock ligands. Clusters of50 or fewerspheres are best; larger numbers of spheres willcause DOCKtouse morecomputertime. Itisgenerallyunwisetotrydockingwithmorethan 100 spheres, althoughyoumaybe able to use more ifyourdatabase is smalloryouare using chemical matching. Initialsphere clusters are sometimes spider-likestructures whichincludethe area ofinterest but also branch intoother regions. Ifyour cluster has too many spheres, branches out, or is unsatisfactory for some other reason, you can correct the problem.

The easiest wayto fixa sphere cluster is to use graphics to identifyspheres that youdon’treallyneed, then remove them. When you'vefound the unnecessary ones, go back to the originalsphere cluster file(i.e. the one fromSPHGEN) and delete the corresponding lines - the residue number in the PDB-like fileof centers is the firstnumber in the line in the sphere file.Remember to change the number of spheres listed on the line with the cluster number to reflect the deletions.

Ifyourcluster is large — more than about 100 spheres — and deletingspheres by hand looks too tedious, youcan use cluster to break itintosmallerclusters. CLUSTERis described inthe reference manual; read the documentation completely before you try it. Start with the parameters given and experimentwiththe values; smallchanges can make a bigdifferenceinthe result. Be aware that ifthe best cluster found is the same as the originalinputcluster, the program willappear not to have done anything.

The twomethods just described may be combined ifthe best CLUSTERoutput is not quite right. More spheres can be deleted fromthe new cluster, or, ifthe new cluster is too small,additionalspheres may be added graphically. Acluster containingallthe desired spheres may then be created by editingthe

SPHGEN output.

Ifnothing else works, it is possible to run CLUSTERon all possible spheres rather than a preselected group. Use the analyticalclusteringalgorithmin cluster on cluster 0, and experiment untilyou get what you want. Flagging spheres in important regions of the site may help.

Users Guide Getting Started

Creating the Scoring Grids

GRID

grid saves informationabout the steric and electrostatic environmentat each point on a grid, so that ligand orientations can be scored rapidly during aDOCK run.

Positioning the Grid

Youdetermine the locationand dimensions ofthe regionto be griddedby using the program showbox to create a box whichcontains the desired region. For GRID, the box should enclose the volumethat the ligandorientationsare likelyto occupy. Aneasy wayto accomplishthis is to generate a box which encloses the spheres to be used fordockingalong withan extra margin. The boxgenerated should be viewed along with the receptor and possibly regenerated until it looks good.

Preparing the Receptor File

Firstread the receptor PDBfileintoa text editor. Remove allwaters and complexed ligands. Special attentionshould be givento the names ofatoms at the terminiand the residue names forhistidineand cysteine. Youwillneed to rename each histidineresidue depending on the protonationstate youwant to assign it:HIPforpositivelycharged (hydrogens on both nitrogens),HIDforneutralwiththe delta nitrogen protonated, and HIEforneutral withthe epsilon nitrogenprotonated. CYS refers to a cysteine with a free sulfhydrylgroup; CYXrefers to a cysteine involvedin a disulfidebond (a half-cystine).Note that some structures in the PDB use CYS in disulfides; these should be edited toCYX.

Second the user must construct a SYBYLMOL2formatofthe receptor whichincludessybylatom type and partialcharge assignments. Weroutinelyuse sybylforthistask, but other modelingpackages can be used providedyouhave a wayto convertthe resultingreceptor fileintoMOL2format. The following instructions will apply to the use ofSYBYL for this task.

InSYBYL, activate the BIOPOLYMERmenu fromthe OPTIONSmenu. Fromthe BIOPOLYMERmenu, select BROOKHAVENREADto read in the receptor PDB file. Adialogue box willask ifyou want to center the molecule. Ifyouneed to retain the reference frameofthe receptor (e.g. forconsistency with other collaborators)then don'tcenter the coordinates. Instead, you willneed to manuallyfindthe receptor since itwillprobablynot appear on the screen. Hitthe lowerbuttonon the leftside ofyou SYBYL windowwhichlooks likea molecule surrounded by arrows. In the small windowthat appears, hitthe buttoncalled"reset extents." Nowyoushouldsee the receptor froma distance. Use the farrightmouse buttontorotate the receptor toitshighest pointon the screen. Use the middlemouse buttontotranslate itto the center ofthe screen. Then use the combinationofmouse buttons to zoom inon the receptor. Youmay need to rotate itup and translate back to the middlea fewtimes to keep itfromescaping the window. Youwillneed to repeat this exercise every timeyouread inany moleculethat is inthe unperturbed frame of reference of the receptor (i.e. bound ligands).

Check ifallofthe atoms were identifiedproperlyby SYBYL. Youcan label problematoms by selecting LABELATOMS.Inthe atom selection window,press the SET button. Ifyousee a set type called"UnknownAtoms"then select it. Anyatoms that were not recognized by SYBYLwillnowbe labelled. This most often occurs withoxygen atoms at the C-terminus,withunusual amino acids, or ifcofactors or ligands were not removed. Ifthe terminalcarboxyloxygens are the problem,then rename them with the texteditorand reread the receptor. Forotherproblematoms youwillneed toconsultthe SYBYLmanual.

Next,you should model in any incompleteresidues. Check the originalPDBfilefora listof residues whose density was to weak to model completely. Ifno listexists, then check the totalcharge on each residue as reported by GRIDwhen yourun itlater;ifsome residues have non-integercharges, then you may need to come back to SYBYLand model them in. To do this, identifythe residue to fix. From the BIOPOLYMERmenu, select MODIFY,then MUTATERESIDUE.Clickon the residue youwanttomodify, then select which type of residue you want to mutate it to (use the same type of residue).

Addhydrogens byusingthe BIOPOLYMERmenu option. Itis importanttoadd ALLatoms, notjustPO- LARatoms, since GRIDneeds them toidentifyVDWatom types. Loadcharges fromthe BIOPOLYMER menu. Youmay use ALLatom orUNITEDatom KOLLMANcharges. Writeout the receptor to a MOL2 file by using the write option in the FILE menu.

Getting Started Users Guide

Running GRID

Inputto GRIDisinteractive. Just typegrid -i grid.in tolaunchit. Allinputparameters willbe saved inthe filecalled grid.in. Afterallparameters have been input,hitCTRL-Cto killthe job. Relaunch itin background mode by typinggrid -i grid.in -o grid.out&.

Allrecommended parameter values willbe suggested byGRIDwhenruninteractively,buthere are a few suggestions. grid_spacing values between 0.2 and 0.5 are recommended; finegrids are preferred ifthere is sufficientmemoryin the computer. Anycombinationof gridpointspacing and box size can be used, but itis recommended that about a milliontotalgridpoints be used. Ofcourse this value depends on memory resources.

Adielectricfunctionof4.0ror4.5rand a cutoffof10.0Angstromsormoreare appropriateinmostcases. (Thisdielectriccorresponds to specifyingdistance_dielectric yes, dielectric_factor 4 or

4.5, and energy_cutoff_distance 10.) Ifa constant dielectricis selected, an “infinite”cutoff(one

large enough to include the whole receptor) should be used.

Itis importantto check the residue charges that are outputby GRID. Ifany non-integercharges are reported, then some residues may have impropercharges assigned to them, or they are not completely modeled in the inputfile. Ifno charged residues are reported, then check to make sure that charges were properly loaded in the input file.

Four output files,named grid.bmp, grid.cnt, grid.chm, and grid.nrg, willbe produced which hold the bump grid, contact grid, chemical grid and force-field grid, respectively.

Running DOCK

Starting a DOCK Run

Youare nowready to run DOCK. Since DOCKcan use a substantial amount ofCPU time,itis a good idea to check whether there are other jobs runningon the same machine. Consider any other users sharing yourcomputers when decidingwhether to start more than one run at a time. Be aware ofany policies your site has regarding submitting background jobs.

The easiest way to select dock parameters is to run DOCKinteractively. Do this by typingdock -i

dock.in. Youwillbe prompted fora value foreach parameter. Anyvalue you enter willbe stored in

the filedock.in. Thisfiledoes not need to exist beforehand. Ifitdoes exist,then DOCKwillextract all the relevant parameters itcan findfromthe file. For each parameter, DOCKwillsupplya defaultvalue. Ifyou want to use the default value, just hitreturn. The followingtables listrecommended values for running DOCKin two differentways: firstto dock a single ligand, and second to dock a database of ligands. Ifyouare viewingthismanual on-line,then clickon any ofthe keywordsto viewthe reference entry for it.

Table 2. Recommended DOCK parameters for a new user.

2A: General

Keyword Suggestions

flexible_ligand no; try later

orient_ligand yes; searches ligand orientations

score_ligand yes; scores each ligand orientation

Users Guide Getting Started

minimize_ligand no; try later
multiple_ligands no
random_seed 0 is fine

2B: Orientation Search

Keyword Suggestions

match_receptor_sites yes; matches ligand to site points
random_search no
ligand_centers no
automated_matching yes; otherwise need to enter

geometric match parameters

maximum_orientations 500; number of orientations to try
write_orientations yes; to write out multiple

orientations for single molecule

rank_orientations yes; to save the top scoring

orientations

rank_orientation_total 10; to save the top 10 orientations

2C: Scoring

Keyword Suggestions

intermolecular_score yes
gridded_score yes
grid_version 4
bump_filter yes
bump_maximum 3
contact_score no
chemical_score no
energy_score yes

2A: General

Keyword Suggestions

Getting Started Users Guide

Table 3. Recommended beginner’s DOCKparameters for a database search run

atom_model u; for united atom model
vdw_scale 1
electrostatic_scale 1

2D: Input

Keyword Suggestions

ligand_atom_file Enter the ligand MOL2 file name

here (including the directory path if this file is not in the current directory).

receptor_site_file Enter the SPHGEN site point file

name here.

score_grid_prefix Enter the GRIDfilename prefixhere.
vdw_definition_file ~dock/parameter/vdw.defn

2E: Output

Keyword Suggestions

ligand_energy_file dock_nrg.mol2

3A: Parameters to Modify from Database Run

Keyword Previous Suggestions

multiple_ligands no yes; to consider multiple molecules
maximum_orientations 500 50; just so that the run doesn’ttake

too long

write_orientations yes no; to writeonlythe best orientation

for each molecule

2C: Scoring (Continued)

Keyword Suggestions

Users Guide Getting Started

Ifyou happen to enter the wrongvalue forany parameter and wishto change it,then you may edit the

dock.in filedirectlyand modifythe parameter value. Once allparameters have been entered, DOCK

should begin the calculationand the dock.in fileis complete. Youmay killthe process witha CTRL- C and relaunch the process in background by typing"dock -i dock.in -o dock.out&". Ifyou wouldliketo run DOCKmultipletimes fromthe same directory,then you may use a differentname for

dock.in and dock.out. Just be sure tochange the names ofthe outputfilesinsidethe newdock.in

file so that two processes don’t end up overwriting each other’s output files. Check a fewminutes after youstart the run to be sure that itis stillgoing;ifithas stopped, lookformistakes inthe input.Beginners should check diskusage occasionallywhilethe jobis running,justincase the program is creating incredibly large files which might overflow the available space. Duringa database search run(whichcan take anywhere fromhours todays toweeks tofinish),youcan followDOCK’s progress through the database by inspecting the*.info file.

3B: Multiple Ligands

Keyword Suggestions

parallel_jobs no
ligands_maximum firsttry10tomake sure everythingis

working, then set it to a number largerthan the numberofmolecules in input file

initial_skip 0; n>0willskipthe firstn molecules

in input file

interval_skip 0;n>0willskipn moleculesforeach

molecule processed

heavy_atoms_minimum 4; to discard small molecules
heavy_atoms_maximum 50; to discard large molecules
rank_ligands yes; to save a top score list
rank_ligand_total 50; to save the top 50 molecules
restart_interval 100;tosave restart infoevery100th

molecule processed

3C: Additional Input and Output

Keyword Suggestions

quit_file dock.quit
dump_file dock.dump
info_file dock.info
restart_file dock.rst

Getting Started Users Guide

Restarting a Search Run

In database search mode of DOCK (when multiple_ligands, orient_ligand, and

rank_ligands are selected), DOCKperiodicallysaves informationnecessary torestart the search from

its current locationin the database in a *.rst file. Ifthere is a power failureor the system crashes, youcan set up a new run to start where the last one was stopped. First,make a copyofdock.out so that status ofthe previousrun are saved. Then relaunch the jobusing the -r flagat the command line. (Donotchange the remainingfiles,since DOCKneeds them torestart successfully.) Whenthe restarted run finishes,the sorted listofligands inthe output filewillincludethe top scorers fromthe entire database.

Looking at the Results

DOCKputs the resultingmoleculeorientationsina fileforeach typeofscoringfunctionused. Thescores are giveninthe commentrecords at the beginningofeach moleculerecord. Ifyouhave selected MOL2 formatforyouroutputfilesand yourgraphicalviewerdoes not read this format,then convertthe fileto PDB by typingdock -i dock_nrg.mol2 -o dock_nrg.pdb.

Other Post-Docking Tasks

Depending on your particularproject, you mightbe interesting in any one or several of the following post-docking techniques:

• Rescoring of hits with alternative scoring function;

• Redocking of hits with increased orientation sampling and/or conformational sampling;

• Similarity searching based on hits; or

• Further molecular modeling/molecular dynamics/FEP of hits;

Users Guide Advanced Techniques

Advanced Techniques

written by Todd Ewing

Introduction

Thissection ofthe manual provides a discussion ofmany ofthe advanced features availablein DOCK. It is intended for users who already have some familiarity with usingDOCK.

Orientation Search

DOCKversion 4.0 has a new orientationsearch algorithm,or matchingalgorithm,whichis more robust

than before (see Ewingand Kuntz[6]). Anorientationsearch is requested withthe orient_ligand parameter. The published search technique has been furtherextended so that the amount oforientation sampling can be controlled in two ways:

• Automated Matching—Specify the number of orientations, and dock willgenerate matches until enough orientationspassing the bump filterhave been formed. Matches are formedbest first,with respect to the difference in the ligand and site point internal distances.

• Manual Matching—Specify the distance and node parameters, and DOCK willgenerate all the matches whichsatisfythem. The numberoforientationsscored is equal tothe totalmatches minus the orientations discarded by the bump filter.

There are a number of sophisticated options available to tailorthe orientationsearch. These options include:

• Random Search

• Degeneracy Checking

• Ligand Mirroring

• Chemical Matching

• Critical Points

Multipleorientationsmay be writtenout foreach moleculeusing the write_orientations parameter,otherwiseonlythe best orientationisrecorded. Aranked listofthe orientationsmaybe writtenusing the rank_orientations parameter. Otherwise, all orientations passing a score cutoffare written out. The score cutoffis specified withthe contact_maximum parameter and so on foreach type of scoring. Ifwrite_orientations is requested without scoring, then all orientations are written.

Automated Matching

Withautomated_matching, DOCKperformsthe same amount oforientationsearching on each molecule. Ifthe match_receptor_sites parameter is set, then manual matchingis used as a blackbox engine forthe orientation search (otherwisea randomsearch isperformed). The onlysamplingparameter needed is the maximum_orientations parameter, whichis the number of desired orientations whichsurvivethe bump filter. Matches are formedin order of the smallest distance error first,so that the highest qualityorientationsare guaranteed tocome sooner rather than later. Thismethod ofcontrol is incrediblyeasy. It is most appropriate when dockinga single molecule. It should not be used for database docking,since manual matching performs better because it biases the amount of sampling depending on the size and shape ofthe ligand. Inaddition,ifthe user wishes touse advanced matching features, likechemical matching and critical points, then manual matching must be used.

Advanced Techniques Users Guide

Manual Matching

Ifthe match_receptor_sites parameter is set but not the automated_matching parameter, then manualmatchingisperformed. Itiscontrolledbythe matchparameters listedinTable4. Thematching parameters providean intuitivewayto controlsampling. When multiplemolecules are docked, matching willbias sampling towards molecules withmore internal distance similaritywiththe receptor site points. The additionalchemicaland criticalmatchingconstraints providea wayto prune matchingand further bias sampling towards more interesting molecules.

Table 4. Description of Matching Parameters

Random Search

The random_search optionis intended foradvanced users. Ifmatch_receptor_sites is also set then random matchingis performed,inwhichligandcenters and receptor sites are randomlymatched regardless of internal distances. Otherwise, a random transformationsearch is performed, in which ligandsare randomlyrotated and translated withinthe rectangularboxenclosingallthe site points. Both methods couldbe employedwhen the user is concerned about the qualityofthe site pointpositions,or would simply like to try a richer set of generated orientations.

Site Point Construction

The random_search optionis useful forexploringissues relatingto site point construction. As discussed inEwingand Kuntz[6],both random matchingand random transformationwere useful control algorithmsto test the effectiveness of distance-based matching. The relativeperformance of random matchingwithrespect to random transformationindicates howwellthe site pointsmap out the relevant volumeofthe activesite. The relativeperformanceofdistance-based matchingwithrespect to random matchingindicates howwellindividualpositionsofeach site pointcorrespond to good ligandatom positions. Byusingbothofthese search methods, an advanced user mayquantifythe qualityofsite points constructed by alternative methods tosphgen.

distance_tolerance The distance tolerance can be viewed as the uncertainty in the

distance comparisons or site point positions. The more generous the uncertainty in the distance comparisons, the more sampling will be performed. This parameter should be the first parameter to adjust if you need to change the amount of sampling.

distance_minimum The distance minimum allows matching to focus on the longer

distances which convey more information about molecule or site shape. This value can be conveniently set large enough to discard atoms directlybonded to each other. When dockinglarge molecules, this value can be set higher.

nodes_minimum The minimum number of nodes must be at least three to specify a

unique rigid transformation. A value of four or more will allow every match to include information about chirality. Match chirality can be used toexplorethe mirrorimage ofa moleculefordocking. The higher this parameter, the better the ligandatoms inthe match represent the entire molecule.

nodes_maximum This value may be set arbitrarily high to prevent it from influencing

matching. Itmaybe set equal tothe nodes minimumwhenperforming pharmacophore-style matching if only a few specific site interactions are of interest.

Users Guide Advanced Techniques

Therandomtransformationsearch mayinfactbe used toconstructsite pointstosupplement those from sphgen. Using this search, the user may probe a site withdifferentmolecular probes much likethe atomicprobes used inGoodford’sgridprogram. The best-scoring positionsmay then be used to position site points.

Degeneracy Checking

Degeneracy checkingis a method implementedduringmatchingto increase the diversityofthe resulting orientations. Itis selected withthe check_degeneracy parameter. Itis not an available feature ifautomated_matching has been selected. The method ofGschwend and Kuntz[11]implemented in dock version 3.5 has been updated to be easier to use and more robust. Degenerate matches are nowdefinedas matches whichare a subset ofa largermatch. Inthe nomenclatureofgraph theory,the surviving matches are maximally connected and are true cliques.

For degeneracy checking to work,nodes_maximum must be greater than nodes_minimum so that subsets can occur. Ingeneral, just set nodes_maximum arbitrarilyhigh(15 or so). Atmost a two-fold reduction in matches is achieved using this feature.

Ligand Mirroring

When a match contains fouror more nodes, the chiralityof the ligandand receptor points involvedin the match is checked. Halfofthe time,the ligandand receptor pointshave opposite chirality.See Ewing and Kuntz[6] formore discussion. Normallythese impropermatches are discarded, but they can be rescued withthe reflect_ligand option,whichallowsthe chiralityofthe ligandto be reversed by using its mirrorimage. Thisis useful formolecules whichare either achiralor are availableas a racemate.

Chemical Matching

The chemical_match feature is used to incorporateinformationabout the chemicalcomplementarity ofa ligandorientationintothe matchingprocess. AsinKuhlet. al [15],chemicallabels are assigned to site points and ligandatoms. The site pointlabels are based on the localreceptor environment. The ligandatom labels are based on user-adjustable chemicalfunctionalityrules. These labelingrules are identified with the chemical_definition_file parameter and reside in an editable file (see chem.defn on page 106). Anode ina match willproduce an unfavorableinteractionifthe atom and site pointcomponents have labels whichviolatea chemical match rule. The chemical matchingrules are identified with the chemical_match_file parameter and reside in an editable file (see chem_match.tblon page 107). Ifa match willproduce unfavorableinteractions,then the match is discarded. The speed-up fromthistechnique depends howextensivelysite pointshave been labeled and the stringency of the match rules, but an improvement of two-fold or more can be expected.

The process oflabelingsite pointsmust currentlybe done byhand. The user shouldloadthe site points and the receptor coordinates intoa graphicprogramand studythe localenvironmentofeach point. Developingan automated methodtoperformthistask isstillan activearea ofresearch. Labeledsite points may be inputas either a SPH formator SYBYLMOL2formatcoordinate file. Check sphgen on page 84 forfileformatspecifications. Anexample isshowninTable5. Tostore labeled site pointsina MOL2 file,select an atom type foreach label ofinterest. Then edit the chem.defn fileto includethe selected atom types. Site pointdefinitionscan be distinguishedfromligandatom definitionsby explicitlyrequiringthat no bonded atoms can be attached (ie.followedby[*]). The example chem.defn on page 106 includesa site pointdefinitionas the last definitionforeach label. Usingthe conventioninthat example file,site points should be labeled as follows:hydrophobic,"C.3";donor, "N.4";acceptor, "O.2";polar, "F".

Advanced Techniques Users Guide

Table 5. Example of chemical labels in SPH format

Caveats on Chemical Matching

Itcan take a significantamount of effortto chemicallylabel a large site and to verfiythat the docking results are what were expected. Ifyou use this chemicalmatching,plan to spend some timeinpreparation and validation BEFORE running an entire database of molecules.

Inconcert withdegeneracy checking, chemicalmatchingis able to discard matches that not onlycontain bad interactions but that can be expanded to includeother bad interactions. Althoughthis helps reduce the bad interactions in an orientation, it can only do so within the constraints of the

distance_tolerance, whichcan be rather tight. In addition,the number of interactions monitored

in a match is usuallysmall (3-5)compared to the totalnumber ofligandatoms, so the preponderance ofatoms may be inless than favorableenvironments. Therefore,chemicalmatchingdoes not guarantee that allresultingorientationsare chemicallycomplementary,but instead that the resultingorientations are enriched in complementarity.

Itmust be pointedout that the ultimatearbiterofwhichorientationsofa ligandare saved is actuallythe scoring function. Ifthe scoring functionis unable to discriminatewhat the user feels are bad chemical interactions, then any improvementwithchemical matching willprobablybe obscured. In addition,if score optimizationis used, then the orientationwillbe perturbed fromthe originalchemically-matched position to a new score-preferred positions.

Critical Points

The critical_points feature is used to focus the orientationsearch intoa subsite of the receptor active site [4, 23]. For example, identifyingmolecules that interactwiththe catalyticresidues mightbe of chief interest. Anynumber of points may be identifiedas critical,and any number of groupings of these pointsmaybe identified.Consequently,several receptor subsites maybe targeted simultaneously. Ifa particularcluster ofcriticalpointsis bigenough to interactwithmore than one ligandatom, then use the multiple_points parameter. Analternativetousingcriticalpointsistodiscard allsite points that are some distance away fromthe subsite of interest, whileretainingenough site points to define unique ligand orientations.

Thisfeature can be highlyeffectiveat reducingmatchingbyfive-foldor more. Itis particularlyusefulto also assign chemical labels to the critical points to further focus sampling.

DOCK 3.5 receptor_spheres
color hydrophobic       1
color acceptor          2
color donor             3
cluster     1   number of spheres in cluster    49
    7   2.34500  36.49000  16.93500   1.500    0 0  1
    8  -0.05200  42.29900  14.18800   1.500    0 0  1
    9  -0.67000  41.20600  11.59800   1.500    0 0  1
   17  -6.00000  34.00000  17.00000   1.500    0 0  3
   18  -5.00000  29.00000  22.00000   1.500    0 1  3
                           ...

Users Guide Advanced Techniques

Conformation Search

The conformationofa flexiblemoleculemay be searched or relaxed using the flexible_ligand option. Onlythe torsionangles are modified,not the bond lengths or angles. Therefore,the inputgeometry of the molecule needs to be of good quality. A structure generated by CONCORD is sufficient.

The user mayrequest a conformationsearch usingthe torsion_drive parameter and/ortorsionminimizationusing the torsion_minimize parameter. The torsionangle positionsreside inan editable file(see flex_drive.tblon page 111)whichis identifiedwiththe flex_drive_file parameter. Internal clashes are detected duringthe torsiondrivesearch based on the clash_overlap parameter, which is independent of scoring function.

Ifmultiple_ligands are being processed, then the flexible_bond_maximum cutoffis used to discard overly flexible molecules.

When scoring is requested, the user has the option of computing intramolecular terms using the

intramolecular_score parameter. Forthe sake ofspeed, onlythe interactionsbetween segments

is considered. Ifa segment has not moved, then the contributionofits interactionwiththe receptor to the intermolecularscore is notrecalculated. Ifany twosegments have notmoved,then the contribution of their interaction to the intramolecular score is not recalculated.

The treatment offlexiblemolecules willbe elaborated further. The firststage ofprocessing is the identificationofrigidsegments. The second stage ofprocessing is the conformationsearch, at whichpoint the user has the choice oftwomethods. Ananchor-firstsearch may be selected, inwhicha molecule conformationis constructed and minimizedone segment at a time, starting froman anchor segment. Alternatively,a simultaneous search willbe performed, in whichthe entire molecule conformationis constructed and minimized in one step.

Identification of Rigid Segments

Aflexiblemoleculeis treated as a collectionofrigidsegments. Each segment contains the largest set of adjacent atoms separated by non-rotatable bonds. Segments are separated by rotatable bonds.

The firststep insegmentation is ringidentification.Allbonds withinmolecularringsare treated as rigid. This classificationscheme is a first-orderapproximationof molecularflexibilty,since some amount of flexibilitycan existinnon-aromaticrings. Totreat such phenomenon as sugar puckeringand chair-boat hexane conformations,the user willneed to supply each ringconformationas a separate inputmolecule.

Additionalbonds may be specifiedas rigidbythe user. Please referto the subsequent section, Manual specification of non-rotatable bonds.

The second step is flexiblebond identification,and is illustratedin Figure 2 for a sample molecule. Each flexible bond is associated witha labeldefined in an editable file (see flex.defn on page 110). The parameter fileis identified with the

flex_definition_file parame-

ter. Each label in the file contains a definition based on the atom types (and chemical environment) of the bonded atoms. Each label is also flagged as minimizable. Typically, bonds with some degree of double bond character are excluded fromminimizationso that planarityispreserved. Each labelisalso associated witha set ofpreferredtorsionpositions. The locationofeach flexiblebond

Figure 2. Flexible Bond Identification

Advanced Techniques Users Guide

33

is used to partitionthe molecule intorigidsegments. Asegment is the largest localset of atoms that contains only non-flexible bonds.

Manual specification of non-rotatable bonds

The user can specifyadditionalbonds to be non-rotatable,to supplement the ringbonds automatically identifiedby DOCK. Such a technique wouldbe used to preserve the conformationofpart ofthe molecule and isolate it from the conformationsearch. Non-rotatable bonds are identifiedin the SYBYL MOL2formatfilecontainingthe molecule. The bonds are designated as members of a STATICBOND SET named RIGID.Please see SYBYLMOL2formaton page 99 foran example ofsuch an identification.

Creation of the RIGIDset can be done withinSYBYL. Withthe molecule of interest loaded into SYBYL, select the Build/Edit->Define->StaticSet->Bondcommand. Then select each bond by pickingthe adjacent atoms. Whenthe "SetName"dialogcomes up, supplythe name "RIGID"incapitalletters. When the "Comment String" dialog comes up, enter any text you wish. Write out the molecule to file.

Alternatively,the RIGIDset can be entered intothe MOL2filebyhand. Todo this,go to the end ofthe MOL2file. Ifno sets currentlyexist, then add a SET identifieron a new line. Itshould contain the text "@<TRIPOS>SET". On a new lineadd the text "RIGID STATIC BONDS <user> **** Comment". On the next lineenter the number of bonds that willbe includedin the set, followedby the numerical identifier of each bond in the set.

Anchor-First Search

The anchor-firstsearch is an efficientdivide-and-conqueralgorithmbased on the method ofLeach and Kuntz [19] and the greedy algorithm. It is specified using theanchor_search parameter.

An anchor segment is selected from the rigid segments in an automatic fashion (see Manual specification of anchor segment tooverridethisbehavior). As illustrated in Figure 3 for a sample molecule,the moleculeisdivided into segments that overlap at each rotatable bond. The segment withthe largest number of heavy atoms is selected as the anchor. If the

multiple_anchors parameter is

set, then all segments whichpass the

anchor_size cutoff are tried sepa-

rately as anchors.

Figure 3. Overlapping Segments

34

Users Guide Advanced Techniques

When an anchor has been selected, then the molecule is redivided into non-overlapping segments, which are then arranged concentrically about the anchor segment. Thisprocess is illustrated in Figure 4 for a sample molecule. Segments are reattached to the anchor according to the innermostlayerfirst--and within a layer -- the largest segment first.

The anchor is processed separately (either oriented, scored, and/or minimized). The anchor positioncan be optimized prior to the conformation search withthe minimize_anchor parameter.

The remainingsegments are subsequently re-attached during the conformationsearch. See Figure5 fora diagram of the anchor-first docking process. The conformation search corresponds to steps 2 and 3 which forma complete cycle. Anextensive analysis of the docking can be performed by setting the

write_partial_structures pa-

rameter which causes all partiallybuiltstructures to be writtenout during the conformation search. Two fileswillbe generated foreach cycleofthe conformationsearch. Forthe firstcycle,one filewillcontain the anchor orientationsfromstep 1 inFigure5 and the otherfilewillcontainthe pruned orientationsfrom step 2. For all subsequent cycles, one filewillcontain the conformationally-expandedconfigurations fromstep 3, and the other filewillcontainthe pruned configurationsfromstep 2. The names ofthe files willbe based on the name givenforthe ligandoutputfile,but willhave a sequence ofnumbers appended to it as shown inTable 6.

Table 6. Filename Construction when Writing Partial Structures

Iftorsion_drive has been selected, then the torsionpositionsofthe interveningbond are searched wheneach segment is reattached. Iftorsion_minimize has been selected, then the interveningtorsionmaybe relaxed. Minimizationofthe bond is performedinisolation,orinconcert withinnertorsions

Files are name-A-LL-S-E.ext, with the components defined as follows:

name The base file name of the ligand output file.

A Anchor number (single digit).

LL Layer number (two digits).

S Segment number within layer (single digit).

E Ensemble number within cycle (1=conformation expanded; 2=pruned).

ext File extension (*.mol2, *.pdb, etc.).

Figure 4. Layered Non-overlapping Segments

Advanced Techniques Users Guide

35

ifthe reminimize_layer_number parameter is set to a non-zero value. Relaxing multiplelayers helps prevent the search fromgettingstuck indead-ends. Althoughcomputationallyexpensive, the position of the anchor may be simultaneously optimized during the conformation search with the

reminimize_anchor parameter. When allsegments have been added, the entire moleculemay be

relaxed if thereminimize_ligand parameter is set.

Molecule

N_o Anchor Orientations

N_c Pruned Configurations

Docked Configurations

N_cN_t Expanded Configurations

1. Dock anchor

2. Prune

4. If complete,

3. Add next segment, sample torsions

try another reminimize

5. If multiple anchors,

Figure 5. Anchor-First Docking Algorithm

N_c^{is approximatelyconfigurations_per_cycle.}

N_o^{is maximum_orientations ifautomated_matching selected, or}

is determined bymanual matching parameters.

N_t^{is average number of positions per torsion inflex_drive.tbl file.}

36

Users Guide Advanced Techniques

Docking with the Anchor-First procedure

The process of dockinga moleculeusing the anchor-firststrategy is shown in Figure 5. The amount ofsearching is under fulluser control. The process begins withdockingthe anchor. Thisstep is controlledwiththe orient_ligand parameters (please refer to OrientationSearch on page 28) and results inN_o anchor positions. The conformationsearch begins by pruningthese orientationsaccording to rank and position(see Pruningthe conformationsearch tree below)to produce N_c positions. Each subsequent cycleofthe conformationsearch involvesexpandingthe ensemble ofpartiallybuiltbinding positionsbyaddinga newsegment and performinga torsionsearch on the newlyformedbond and then contractingthe ensemble withpruning. The torsion search on each newlyformed bond results in an expansion ofthe set ofN_c partialconfigurationsto N_cN_t configurations. The size ofN_t is based on the number of increments used for the current bond and can be modifiedby altering the entries in the flex_drive.tblfile. The expanded set ofbindingpositionsis then pruned back to N_c configurations. The conformationsearch continues expandingand pruningthe set ofpartialbindingpositionuntileach binding position represents a complete molecule.

Thissearch technique is particularlyuseful fordocking,but italso may be used forconformationanalysis and stand-alone minimization.

Pruning the conformation search tree

Duringeach cycle of the conformationsearch, the expanded set of partial configurationsis pruned based on the settingofconfigurations_per_cycle. The pruningattempts to retainthe best, most diverse configurationsusing a top-firstpruningmethod whichproceeds as follows. The configurations are ranked accordingto score. The top-rankedconfigurationis set aside and used as a reference configurationforthe firstround ofpruning. Allremainingconfigurationsare considered candidates forremoval. Aweightedroot-mean-squared distance (wRMSD)between each candidate and the reference configuration is computed according toEquation 1.

Equation 1

where L_i is the layerto whichatom iis assigned. The RMSDis weightedinthisfashionto make itmore sensitive to the positionofthe outer segments. The outer segments are more importantbecause they have a greater influence over the position of subsequently added segments.

Each candidate is then evaluated for removal based on its rank and wRMSDusing the inequality shown inEquation2. Ifthe factoris greater than configurations_per_cycle, the candidate is removed. Based on this factor,a configurationwithrank 2 and 0.2 AngstromswRMSDis comparable to a configurationwithrank 20 and 2.0 Angstroms wRMSD. The next best scoring configurationwhich survivesthe firstpass ofremovalis then set aside and used as a reference configurationforthe second round of pruning, and so on.

Equation 2

This pruningmethod attempts to balance the twingoals of recovering the best scoring and the most differentbindingconfigurationswithoutintroducingadditionaluser parameters. The pruningmethodreplaces the hierarchicalclusteringmethod used in the initialrelease of DOCKversion 4.0, because itis faster (NlogNversus N^2) and biases its search timetowards molecules whichsample a more diverse set of bindingmodes. As the value of configurations_per_cycle is increased, the anchor-first method approaches an exhaustive search.

wRMSD

L_i x_i x_{ri}–( )^2 y_i y_{ri}–( )^2 z_i z_{ri}–( )^2 + + [ ] i 1=

Natoms ∑ L_i

i 1=

Natoms ∑ ---------------------------------------------------------------------------------------------------------------------

1_2^{--} =

Rank of candidate

wRMSD

----------------------------------------------- configurations_per_cycle >

Advanced Techniques Users Guide

37

Time requirements

The time demand grows linearlywithconfigurations_per_cycle, the number of flexiblebonds and the number oftorsionpositionsper bond, as wellas the number ofanchor segments explored for a given molecule. Using the notation inFigure 5, the time demand can be expressed as

Equation 3

where the additional terms are:

Manual specification of anchor segment

The user can override the automatic anchor selection performed by DOCK by specifyinga STATIC ATOMSET named ANCHORinthe moleculeinputfile. Foran example, please see SYBYLMOL2format on page 99. See the previousdiscussion ofManualspecificationofnon-rotatablebonds forrelated instructions. Itmust be pointedoutthat the user can includeas manyatoms as desired inthe ANCHOR set, but onlythe firstatom willbe used. The anchor segment whichincludes the ANCHORatom will then be used as the segment anchor. Inorder to make a larger anchor than wouldbe produced using the automatic segmentation based on the locationof rotatable bonds, the user willneed to manually specify the necessary bonds as non-rotatable (with a RIGID BOND set).

Simultaneous Search

Ifan anchor-firstsearch isnotselected, then a simultaneoussearch isperformedbydefault. Alltorsions are searched and/or minimizedinconcert. The conformationsearch is performedpriorto the orientationsearch, so each conformationisdocked independently. Thesimultaneoussearch techniqueisusefulforconformationanalysis and forconstructinga chemical screen database (see Chemical Screen on page 44).

Constraining the search

Duringa simultaneous search, DOCKperforms an exhaustive or a random search, depending on the flexibilityofthe moleculeand the value ofconformation_cutoff_factor. The cutoffon the number of conformations generated for a molecule is calculated byEquation 4.

Equation 4

Ifthe totalconformationsfora moleculeis belowN_{cut} an exhaustive search ofallconformationsis performed. Otherwise,a random search ofN_{cut} conformationsis performed,inwhichtorsionpositionsare selected randomlyfromthe allowedpositions. ThisdefinitionofN_{cut} was used so that the timedemand growslinearlywiththe number ofrotatable bonds, whichis a faircompromisebetween the exponential growth of the total possible conformations and a fixed cutoff applied uniformly to all molecules.

Caveat on backtracking procedure

Abacktrackingprocedure is used duringthe generation of each conformation. Ifan internal clash is detected forthe torsionpositionofa rotatable bond withina partially-builtstructure,then another torsion value is attempted. Ifno torsionvalues willwork,then the procedure backtracks to the preceding rotatable bond and assigns a new torsion for it. This procedure works fine when internalclashes can be resolved easily,butinthe worstcase, fora moleculewitha huge numberofrotatable bonds and a clash that cannot be resolved at the last rotatable bond, the procedure willbe confounded and tend to consume cpu time. Forthisreason, whenprocessing a database ofmolecules,be sure touse a reasonable value offlexible_bond_maximum to discard overly flexible molecules.

N_a^{is the number of anchor segments tried per molecule.}

N_b^{is the number of rotatable bonds per molecule.}

Time Na No NcNtNb + ( ) ∝

N_{cut} conformation_cutoff_factor

( ) # of rotatable bonds ( ) =

38

Users Guide Advanced Techniques

Torsion Minimization

The torsion angles of rotatable bonds may be includedin the score optimization. This provides fora much more efficientconformationsearch since fewertorsionpositionsneed to be sampled. Each torsion flagged formovement is assigned a simplexvertex along withthe six rigidbody degrees of freedom. Only non-bonded interatomicterms are included in the scoring evaluation; no explicittorsion terms are included. Therefore, onlytorsions flagged as minimizablein the flex.defnfileare included (e.g. double bonds are excluded by default). When an anchor-firstsearch is performedwithsegments frommultiplelayers beingminimized,then innertorsionsare assigned smallerinitialtorsionstep values since perturbations in these torsions have a greater impact on conformation.

Advanced Techniques Users Guide

39

Scoring

DOCKuses several types ofscoringfunctionsto discriminateamong orientationsand molecules. Scoringis requested using the score_ligand parameter. Each scoring functionis treated independently duringthe calculationand results are writtento separate outputfiles. Inorder to combinethe results of twoor more scoring functions,applythe additionalfunctionsinseparate post-dockingscoring calculations.

DOCKwillscore the interactionsofa ligandwiththe receptor ifthe intermolecular_score parameter is set. Ifflexible_ligand is set, then DOCKwillscore the interactions between rigidsegments withina moleculeifthe intramolecular_score parameter is set. The totalscore is the sum ofthe intramolecularscore and the intermolecularscore, EXCEPTwhen differentmolecules are being compared fora rank_ligands list. Aftera flexiblemoleculehas been docked, and itis being considered forthe ranked ligandlist,then the totalscore is set equal to onlythe intermolecularscore plus whatever size penalty the user has specified withthe contact_size_penalty parameter and so on foreach type of scoring.

To enable rapid score evaluationduringdocking,the score potentials are precalculated on a three-di-mensial grid using grid. However, continuum scoring may be performed by turning off the

gridded_score flag. Continuumscoringmay be used to evaluate a ligand:receptorcomplexwithout

the investmentofa gridcalculation,or to performa more detailed calculationwithoutthe numericalapproximationofthe grid. Continuumscoringis also triggeredwhen an intramolecular_score is requested, but is onlyused forintramolecularscore terms. When continuumscoring is requested, then score parameters normallysuppliedto grid, must also be suppliedto DOCK. Itis leftto the user to make sure consistent values are suppliedto bothprograms. Oldergridscalculated by CHEMGRIDmay also be read by specifying a value of 3.5 for thegrid_version parameter.

The score is used to identifyinterestingorientationsand molecules. Ifa top-scoringlistis requested, likerank_orientations or rank_ligands, then DOCKwillmaintaina sorted listof a user-defined lengthforoutput. Butifsorted listsare not requested, then DOCKwillneed to knowwhatscore cutoffto use to write out orientations or molecules. This cutoff is supplied by the user with the

contact_maximum parameter and so on foreach scoringfunction. Thisscore cutoffmay be overrid-

den for orientations near the input orientation using thermsd_override parameter.

Bump Filter

Orientationsmaybe filteredpriortoscoringtodiscard those inwhichthe moleculesignificantlyoverlaps receptor atoms. This feature is enabled with the bump_filter flag, but is only available if the

gridded_score flagisalso set. Atthe timeofconstructionofthe bumpfilter,the amountofatomVDW

overlap is defined withthe bump_overlap parameter. Atthe timeof bump evaluationthe number of allowedbumps isdefinedwiththe bump_maximum parameter. Ifscore optimizationisbeingperformed, then a fewnumber ofbumps should be allowed,since the minimizercan recover fromsuch clashes. In addition,a fewbumps oftenindicatean orientationthat interacts intimatelywiththe site and oftenleads to a strongly favorable orientation after minimization.

Contact Score

The contact score functionis enabled withthe contact_score flag. The contact score is a simple summationofthe number ofheavy atom contacts between the ligandand receptor. Atthe timeofconstruction of the contact scoring grid, the distance threshold defining a contact is set with the

contact_cutoff_distance. AtomVDWoverlaps are penalized bycheckingthe bumpfiltergrid,or

withthe contact_clash_overlap parameter forthe intramolecularscore. The amount ofpenaltyis specified with thecontact_clash_penalty parameter.

The contact score provides a simpleassessment ofshape complementarity. Itcan be useful forevaluating primarily non-polar interactions. 40

Users Guide Advanced Techniques

Energy Score

The energy score isactivatedwiththe energy_score parameter. Itisbased on the non-bonded terms ofthe molecularmechanicforcefield(please refertoEquation1 on page 74 formorebackground). During gridconstruction(and continuumscoring) every term in the functionmay be tailoredby the user. The distance dependence ofthe Coulombicfunctionis set withthe distance_dielectric parameter. The dielectricconstant is adjusted withthe dielectric_factor parameter. The distance dependence of the Lennard-Jones function is set with the attractive_exponent and

repulsive_exponent parameters. Typicallya 6-12 potentialis used, but it can be softened up by

using a 6-8 or 6-9 potential. Regardless of the exponent values selected, the same radii and welldepths are used. The VDWwell-depthsand radiiare stored inan editable file(see vdw.defnon page 105) whichis identifiedwiththe vdw_definition_file parameter. In addition,the model fornonpolarhydrogens maybe selected withthe atom_model parameter. Witha united-atommodel,the nonpolar hydrogens are givenzero VDWpotentials and any partialcharge residingon them is transferred to the adjacent carbon. The unitedatom modelprovidesa smoother intermolecularpotentialwhichrequires fewersteps of minimization.However,the all-atommodel is more accurate, and perhaps captures some aromatic interaction coulombic terms otherwise missing.

Chemical Score

Chemical scoring allows the energy scoring functionto be further tailored to enhance recognitionof chemical complementarity. The attractiveportionof the VDWterm can often dominate the energy for uncharged molecules. Withchemicalscoringthis term is scaled depending on the chemicallabels assigned to the interactingatoms. Itis activated by the chemical_score parameter. The chemicallabels and definitionsare the same as those forchemical matching(see chem.defn on page 106). The chemicalinteractiontable resides inan editable file(see chem_score.tbl on page 108) and is identified with thechemical_score_file parameter.

Chemicalscoring can be used to incorporatequalitativeaspects ofsolvation. For instance hydrophobic-polarinteractionscan be made non-attractiveor even repulsive. Further, itcan be used to screen formolecules that contain a particularfunctionalgroup (inconcert withchemicalmatching) forpresentationto a receptor active site. The interactiontable couldalso be derived using statisticaltechniques from binding and structure data to improve the modeling of a particular site or class of sites.

Chemicalscoringis used forintermolecularscoringonly. Ifintramolecularscore is requested, then the regular energy score is computed for internal energy.

Thistype ofscoringshould be considered experimental. Parameterization is leftto the user. Itshould be used at your own risk.

RMSD Score

The RMSDscore evaluates ofthe differenceinconformationand orientationoftwoidenticalmolecules. Itis availablewhen gridded_score is notrequested and is activatedbythe rmsd_score parameter. The reference moleculeis suppliedwiththe receptor_atom_file, and the moleculetocheck is supplied with theligand_atom_file, which may contain multiple molecules.

Since the RMSDis treated as a score, itmay infact be minimized. Thisprocedure is useful forevaluating the difference of a CONCORD conformation from crystal conformation.

Score Optimization

Score optimizationallowsthe conformationand orientationofa moleculeto be adjusted to improvethe score. Althoughthe calculationis expensive, itmakes the conformationand orientationsearch more efficient because less sampling becomes necessary. Optimization is activated with the

minimize_ligand parameter. The optimizercurrentlyuses the simplexalgorithmwhichdoes not re-

quire evaluationofderivatives. Itdoes however depend on a random number generator whichmakes itnot onlysensitive to the initialseed providedwithrandom_seed parameter, but also to the order of evaluation. So results willvaryifmolecules are supplied in a differentorder. The amount ofvariance

Advanced Techniques Users Guide

41

shouldbe small,though. Fordetailedcalculations,itis recommended that the optimizationbe repeated with different random number seeds to check convergence.

The initial step size of the minimizer is specified with the initial_translation, initial_rotation, and initial_torsionparameters. The length ofminimizationmay be controlledwiththe maximum_iterations parameter.

Even ifseveral scoring functionshave been requested, not allneed to be minimized. Specificationof whichfunctionsare to be minimizedis done withcontact_minimizeand so forthforeach scoring function. The termination criteria of minimization is specified withcontact_convergence and so forth.

Since minimizationmay converge prematurely,each callto the minimizeris actuallycomposed ofmultiplecycles. The number ofcycles is controlledwiththe maximum_cyclesparameter. Additionalcycles ofminimizationare spawned ifthe previoussimplexhas made a significantdifferenceinthe conformation or orientationANDifthe score has passed below a threshold set by the user. The differencein configurationis measured by the vector magnitude of the finalsimplex vertex array. The difference must exceed the cycle_convergence parameter to be significant. A value of 1.0 for this parameter wouldcorrespond to at least one ofthe simplexvertices movinga distance equal to the initialstep size. The score threshold prevents repeated cycles of minimizationof a configurationthat is reallyof no interest. The score threshold is set withcontact_termination an so forth for each scoring function.

The performance ofthe minimizercan be monitoredusing the -p flag(see Command-lineArguments on page 53 and Performance on page 73).

42

Users Guide Advanced Techniques

Database Processing

The most commonapplicationofDOCKis to process a database ofmolecules to findpotentialinhibitors or ligandsofa target macromolecule. However,withthe new separation ofcomponents inversion4.0, the database processing tools can be combined withother tasks, likestand-alone scoring, score optimization, or chemical screen.

Database processing is signalledwiththe multiple_ligands parameter. Asubset ofthe database may be processed using the ligands_maximum, initial_skip, and interval_skip reading parameters and the heavy_atoms_minimum and heavy_atoms_maximum size-selection parameters. Ifscoring has been selected, then molecules can be output as a ranked listusing the rank_ligands parameter. When comparing molecules, the score of large molecules may be penalized using the

contact_size_penalty parameter and so on foreach scoring function. Ifligands are not ranked,

then allorientationsrecorded foreach moleculeare written(see OrientationSearch on page 28 forhow multipleorientationsare recorded). Whenno orientationsearch is performed(i.e.stand-alone scoring), then molecules are writtenifthey pass a score cutoffset bythe contact_maximum parameter and so on for each scoring function.

Database jobs produce two output filesin additionto the molecule output files. The restart_file parameter specifies the filewhichstores the current rank_ligands list. Ifthe job is terminated prematurely,then itmay be restarted withthe -r flag(see Command-lineArgumentson page 53) and the run is initializedwithinformationinthe existingrestart file. The frequencyat whichthe restart fileis updated is specified withthe restart_interval parameter. In addition,the info_file parameter specifies the file which stores information about the current progress of the run.

Database jobs may also be interacted withduringexecution via the presence of two input files. The

dump_file parameter specifiesa filewhose presence willtriggerthe jobtowriteoutthe currentresults

to the infofile,the restart fileand the moleculeoutputfiles. The user may create this fileat any timeto inspect the current results. The dockjobwillautomaticallydelete the dump fileafter a dump has taken place. Inaddition,the quit_file parameter specifiesa filewhose presence willtriggerthe jobtowrite out results (likea dump request) and also terminateexecution. Thisparameter is usefulforgentlyterminatinga jobwithoutloss ofinformationforrestart at a latertime. The presence ofeitherofthese files is onlychecked in between processing molecules, so it may take up to a minute forsuch a fileto be noticed.

Preliminary Docking

Dockingan entire database can take a considerable amount of time. The length of time depends primarilyon the sampling parameters for the orientationand conformationsearch and the minimization parameters. Even when dockingis distributedover multipleworkstations,the calculationcan take several days orweeks. Since the optimalsearch parameters are site dependent, itis importanttodo some preliminary docking calculations with subset of the database to identify good parameters.

As sampling parameters are increased, the results willinitiallyimprovebut willeventually converge. The optimalparameters correspond to where the results have just converged. Multipleshort docking jobs can be submitted using UNIXshell scripts. The results that should be monitoredare presented in Ewingand Kuntz[6]. The most importantis the weightedrank correlation,whichreports howwellthe rankings of the top-scoring molecules have been predicted.

The following is a discussion of different ways to construct a subset of the molecule database.

Extracting specific molecules

Since the PTR format database filecontains the molecule name and description, entries can be retrieved based on these fields. Use UNIXfgrep to select the molecule, or molecules.

fgrep " BENZENE " database.ptr > benzene.ptr

fgrep -f subset.list database.ptr > subset.ptr

Advanced Techniques Users Guide

43

The filemolecules.list wouldcontaina listofthe names youwouldliketo extract. The subset molecules can be readily converted to a format for viewing with the following command.

dock -i subset.ptr -o subset.pdb

Extracting a random subset

Arandom subset ofa moleculardatabase can be used tohelpidentifyappropriatedockingparameters, before dockingan entire database. Selecting a random subset is easy using a PTR formatdatabase file. Use the followingUNIXnawk command to select an average of one out every 1000 entries in the database.

nawk ’{if (rand < 0.001) print}’ database.ptr > subset.ptr

Extracting an interval subset

Alternatively,ifyouliterallywantone moleculeforevery 1000 molecules withoutany randomness, then use a different call toUNIXnawk.

nawk ’{if ((++n % 1000) == 0) print}’ database.ptr > subset.ptr

Thiscan also be achieved byusing the interval_skip multipleligandparameter indock. Thislatter method is much slower, however, because the coordinates of all the skipped molecules must be read.

Parallel Jobs

Since a database dockingcalculationis ideal for parallelizationover multiplecomputers, the parallel jobs feature was added to ease the organizationalburden ofthistask. Thisfeature is activated withthe

parallel_jobs parameter. Withthisfeature, a dockjobcan be launched on everyworkstationorcpu

at a user’sdisposal. These jobs process a singledatabase, each at itsownpace. Toprevent each job fromduplicatingeach other’sworkunnecessarily, a server jobis used to parse the database and hand outmolecules,one at a time,toeach clientjob. Each clientjoband the server jobrequires itsowninput fileand output files. When all processing is complete, the user must coalesce the results fromeach client job.

Clientor server behavior is designated using the parallel_server parameter. Setting it to "yes" causes server behavior; "no" causes client behavior. The server name is defined with the

server_name parameter. Any number of client jobs can be delegated to the server using the
client_total parameter. Each clientname must be suppliedwiththe client_name_1 and subse-

quent parameters. Itis recommended that the server job be executed on the computer whichstores the moleculedatabase. Then inthe event ofany networkdifficulties,the server jobis never disconnected from the database.

The client jobs need to the have the parallel_jobs parameter activated, but not the

parallel_server parameter. The server_name parameter must be consistent withthat supplied

to the server job. The name ofthe clientjobis specifiedwiththe client_name parameter, whichmust be one ofthe clientnames supplied to the server. The clientjobs need to be launched fromthe same directoryas the server job since they communicate via localtemporary files. This requires that client jobs can onlybe launched on machines that cross-mount the workingdirectory. Clientsmay be taken off-line(viathe quit_file)and restarted withoutdisruptingthe server orotherclientjobs. Ifthe server job is given a quit signal, then it automatically signals all client jobs to quit as well.

Clientjobs may be instructedto eitherstore a ranked listor to writeout allresults to file. Since the PTR formatfilestake up so littledisk space, an entire database can be writtenout withouttaken up more space than the topfewthousand moleculeswritteninSYBYLMOL2format(about25 megabytes ofdisk space). Ifthe clientsstore ranked lists,then make sure that the listlengthforeach clientis equal to the total length of interest (a fewhundred at least). This rule helps avoid artifacts fromthe parallelization when the results are coalesced.

Whenalljobs are complete, then the results must be combined. Thisprocess can be done seamlessly by using the UNIXcat command on the output molecule files. IfPTR formatis used, then molecules can be reranked usingthe UNIXsort command on the score field. IfSYBYLMOL2formatis used, then perform stand-alone scoring on the catenated file and output the molecules in a ranked list. 44

Users Guide Advanced Techniques

Chemical Screen

The chemical screen optionenables rapid screening of molecules either priorto or followingdocking. It is requested withthe chemical_screen parameter. It can be used to performa pharmacophore screen or a similarityscreen. It is based on the same chemical labels and definitionsas chemical matchingand the chemicalscore (see chem.defn on page 106). These tools should be viewedas rudimentaryin functionalitycompared to what is available in commercialsmall-moleculesoftware packages. However,consideringtheirease ofuse and compatibilitywithDOCK, they should be ofinterest to the DOCK user.

The chemicalsearch keyencodes informationabout the numberofdistances between chemicalgroups in a molecule and the magnitudes of the distances. The number of distances between two different chemicalgroups, , records informationabout the compositionofthe molecule. The distances them-

selves are stored ina binaryfingerprint, , whichrecords informationabout the spatial distributionof

properties inthe molecule. Since the binaryfingerprintmay lose informationabout the frequencyofoccurrence ofcertain distances, particularlyforflexiblemolecules, the number ofdistances record is necessary.

Keyinga database is performedwiththe construct_screen parameter. The fingerprintarchitecture is specified with the distance_begin, distance_end, and distance_interval parameters. When keyingthe database, a simultaneous search ofconformationsshould be performedto generate an ensemble ofconformers. Foreach conformer,the distances between chemicalgroups is computed and stored inthe binaryfingerprint.The keyed database is actuallya PTRformatdatabase filewiththe additionalfieldsforchemicalkeys. Once the database has been keyed, itmay then be searched using the screen_ligands parameter.

Pharmacophore Screen

Apharmacophore search is a useful way to prescreen a database to identifymolecules that mightinteract favorablywitha smallnumber ofreceptor atoms withwell-definedgeometry. Itis requested with the pharmacophore_screen parameter. The pharmacophore is actuallya set ofpoints withassociated chemicallabels servingas a three dimensionalhypothesis fora bindingmodel. The pharmacophore could be constructed from a set of active ligands, or extracted from a receptor structure. This feature is useful when onlya fewinteractionswiththe receptor are ofinterest and can be used to construct a pharmacophore. The chemicalscreen wouldthen be able to discard allmolecules that would never be able to make the desired interactions.

Givena moleculea and a pharmacophore b, the rules fordeterminingwhether the moleculemightsatisfy the pharmacophore are for alli and jnot equal to i:

Equation 5

Equation 6

where and are defined in theChemical Screen section, above.

In order to account foruncertaintyin the distances, a distance_tolerance is used to blurthe distance key of the molecule.

Afterthe chemical screen run has discarded molecules that could never satisfy the pharmacophore, then a regular dock run can be performedto findthe molecules that do satisfy it. Inthe follow-uprun, use a simultaneous search ofconformationsalong withchemicalmatchingto the pharmacophore site points.

n_{ij}

f_{ij}

n_{ij}^b n_{ij}^a≤

f_{ij}^b f_{ij}^a f_{ij}^b∩ = n_{ij} f_{ij}

Advanced Techniques Users Guide

45

Similarity Screen

Asimilaritysearch is useful to identifyallmolecules in a database whichmightbe similarin chemical propertydistributionto a particularmoleculeofinterest. Such a search is useful after docking,once a set ofactive molecules has been identified. Itis activated withthe similarity_screen parameter. The cutoffforwritingout hitsis specifiedwiththe dissimilarity_maximum parameter. Dissimilarity is used to be consistent withthe other scoring functionsin whichsmaller values represent favorable values.

Since the chemicalkey contains both a binaryfingerprintand an integer count ofdistances, a modified Tanamoto index is used as shown in Equation 7. This similaritymetricmaintains the connection between the fingerprint and the count of chemical distances.

Equation 7

For flexiblemolecules, the distance fingerprintscan become saturated. The similaritycan stillbe discerned by the distance count element of the key.

Some chemicalgroups maybe treated as equivalenttoothergroups (e.g. hydroxylsand hydrogenbond donors). Such chemicalequivalencycan be supplied inan editable file(see chem_screen.tbl on page 109) and identified with thechemical_screen_file parameter.

Similarity m j 1=

N ∑^{in n}ij^{a n}ij^{b,( ) count f}ij^{a f}ij^{b∩( )}

i 1=

N ∑ m j 1=

N ∑^{ax n}ij^{a n}ij^{b,( ) count f}ij^{a f}ij^{b∪( )}

i 1=

N ∑ --------------------------------------------------------------------------------------------- =

46

Users Guide Advanced Techniques

Macromolecular Docking

Though DOCKis typicallyused to process small molecules, itcan be used to study the interactions of macromolecularligands. The chiefdifferenceinprotocolis that to use the match_receptor_sites procedure forthe orientationsearch, then special ligandcenters must be used to represent the ligand. Thisis signalledby setting the ligand_centers parameter. The ligandcenters must reside ina file identified with theligand_center_file parameter.

The ligandcenters may be constructed withsphgen, using spheres to describe the positiveimage of the macromolecule. See Shoichet and Kuntz [26], for examples and discussion of macromolecular docking.

Ifmultipleorientations are writtento PDB formatted file,then the residue numbers are not disturbed. Normally,dock gives each orientationinthe outputPDBfilea sequential residue number. However,if multiplesubstructures (residues) are present inthe moleculeinputfile,then thisprocedure isprecluded.

References Users Guide

47

References

1. Blaney, J.M. Ph.D. dissertation, University of California, San Francisco, 1982.

2. Connolly, M.L. Analytical molecular surface calculation.J. Appl. Cryst. 16: 548-558, 1983.

3. Connolly,M.L.Solvent-accessible surfaces of proteins and nucleicacids. Science. 221: 709-713, 1983.

4. DesJarlais, R.L.,and Dixon,J.S. Ashape and chemistry-based dockingmethod and its use inthe design of HIV-1 protease inhibitors.J. Comput.-Aided Molec. Design8(3): 231-242, 1994.

5. DesJarlais, R.L., Sheridan, R.P., Seibel, G.L., Dixon,J.S., Kuntz,I.D.and Venkataraghavan, R.

Usingshape complementarityas an initialscreen indesigningligandsfora receptor bindingsite of known three-dimensional structure.J. Med. Chem. 31(4): 722-729, 1988.

6. Ewing,T.J.A,and Kuntz,I.D. Criticalevaluationofsearch algorithmsused inautomated molecular docking. J. Comput. Chem. 18(9): 1175-1189, 1997.

7. Ferro, D.R.and Hermans, J. Adifferentbest rigid-bodymolecularfitroutine.ActaCryst. A33: 345- 347, 1977.

8. Fletcher, R. “Practical Methods of Optimization.” New York: Interscience, 1960.

9. Gilson, M.K., Sharp, K.A. and Honig, B.H.J. Comp. Chem. 9: 327, 1987.

10. Goodford,P.J. Acomputationalprocedure fordeterminingenergeticallyfavorablebindingsites on biologically important macromolecules.J. Med. Chem. 28: 849-857, 1985.

11. Gschwend, D.A,and Kuntz,I.D.Orientationalsampling and rigid-bodyminimizationin molecular docking revisited — On-the-flyoptimizationand degeneracy removal. J. Comput.-AidedMolec. Design, 10:123-132, 1996.

12. Kabsch, W.Asolutionforthe best rotationto relate twosets ofvectors. ActaCryst.A32: 922-923, 1976.

13. Kabsch,W.Adiscussion ofthe solutionforthe best rotationtorelate twosets ofvectors. ActaCryst.

A34: 827-828, 1978.

14. Klapper, I., Hagstrom, R., Fine, R., Sharp, K. and Honig, B.Proteins. 1: 47-59, 1986.

15. Kuhl,F.S., Crippen, G.M.,and Friesen, D.K. A CombinatorialAlgorithmfor CalculatingLigand Binding. J. Comput. Chem. 5:24-34, 1984.

16. Kuntz, I.D., Blaney, J.M., Oatley, S.J., Langridge, R. and Ferrin, T.E. A geometric approach to macromolecule-ligand interactions.J. Mol. Biol. 161: 269-288, 1982.

17. Kuntz, I.D.Structure-based strategies for drug design and discovery. Science. 257: 1078-1082, 1992.

18. Kuntz,I.D.,Meng, E.C. and Shoichet, B.K.Structure-based molecular design. Acc. Chem. Res.

27(5): 117-123, 1994.

19. Leach, A.R.,and Kuntz,I.D. Conformationalanalysis offlexibleligandsinmacromolecularreceptor sites. J. Comput. Chem. 13(6): 730-748, 1992.

20. Meng,E.C., Shoichet, B.K.and Kuntz,I.D.Automateddockingwithgrid-based energy evaluation.

J. Comp. Chem. 13: 505-524, 1992. 48

Users Guide References

21. Meng, E.C., Gschwend, D.A.,Blaney, J.M. and Kuntz,I.D.Orientationalsampling and rigid-body minimization in molecular docking.Proteins. 17(3): 266-278, 1993.

22. Meng, E.C., Kuntz,I.D.,Abraham, D.J. and Kellogg,G.E. Evaluatingdocked complexes withthe

HINTexponential functionand empiricalatomic hydrophobicities.J. Comp-AidedMol.Design. 8:

299-306, 1994.

23. Miller,M.D.,Kearsley,S.K.,Underwood,D.J. and Sheridan, R.P. FLOG-Asystem toselect quasiflexibleligands complementary to a receptor of knownthree-dimensional structure. J. Comput.- Aided Mol. Design

24. Nelder, J.A. and Mead, R. Computer Journal7: 308, (1965).

25. Richards, F.M.Ann. Rev. Biophys. Bioeng. 6: 151-176, 1977.

26. Shoichet, B.K.and Kuntz,I.D.Protein dockingand complementarity.J. Mol.Biol. 221: 327-346, 1991.

27. Shoichet, B.K.,Bodian,D.L.and Kuntz,I.D.Moleculardockingusing shape descriptors. J. Comp.

Chem. 13(3): 380-397, 1992.

28. Shoichet, B.K.,Stroud, R.M.,Santi, D.V.,Kuntz,I.D.and Perry, K.M.Structure-based discoveryof inhibitors of thymidylate synthase.Science. 259: 1445-1450, 1993.

29. Shoichet, B.K.and Kuntz,I.D.Matchingchemistryand shape in moleculardocking.Protein Eng.

6(7): 723-732, 1993.

30. Weiner, S.J., Kollman,P.A., Case, D.A.,Singh, U.C., Ghio, C., Alagona, G., Profeta, S., Jr. and Weiner,P. Anew force fieldformolecularmechanical simulationof nucleicacids and proteins. J. Am. Chem. Soc. 106: 765-784, 1984.

31. Weiner,S.J., Kollman,P.A.,Nguyen,D.T.and Case, D.A.Anallatom forcefieldforsimulationsof proteins and nucleic acids.J. Comp. Chem. 7: 230-252, 1986.

This page intentionally blank.

DOCK Reference Manual

51

DOCK

Overview

Version 1.0/1.1

Robert Sheridan, Renee DesJarlais, Irwin Kuntz

The program DOCKis an automaticprocedure fordockinga moleculeintoa receptor site. The receptor site ischaracterized bycenters, whichmaycome fromSPHGENorany othersource. Themoleculebeing docked is characterized ligandcenters, whichmaybe itsnon-hydrogenatoms orvolume-fillingspheres calculated in SPHGEN. The ligandcenters and receptor centers are matched based on comparison of ligand-center/ligand-center and receptor-center/receptor-center distances. Sets of ligand centers match sets of receptor centers if all the internal distances match, within a value of

distance_tolerance. Ligand-receptorpairs are added to the set untilat least nodes_minimum

pairs have been found. Atleast three pairs must be foundto uniquelydetermine a rotation/translation matrixthat willorientthe ligandinthe receptor site. Aleast-squares fittingprocedure is used (Ferroand Hermans, 1977). Once an orientationhas been found, it is evaluated by any of several scoring functions. DOCKmay be used to explorethe bindingmodes ofan individualmolecule,or be used to screen a database of molecules to identify potential ligands.

Version 2.0

Brian Shoichet, Dale Bodian, Irwin Kuntz

DOCKversion 2.0 was writtento give the user greater controlover the thoroughness of the matching

procedure, and thus overthe numberoforientationsfoundand the CPU timerequired(Shoichet,Bodian, and Kuntz,1992).Inaddition,certain algorithmicshortcomingsofearlierversions were overcome. Versions 2.0 and higherare particularlyusefulformacromoleculardocking(Shoichetand Kuntz,1991)and applicationswhichdemand detailed explorationofligandbindingmodes. Inthese cases, users are encouraged to run CLUSTER in conjunction withSPHGEN and DOCK.

Toallowforgreater controloversearches oforientationspace, the ligandand receptor centers are preorganized accordingto theirinternaldistances. Startingwithany givencenter, allthe other centers are presorted into“bins”based on theirdistance to the firstcenter. Allcenters are triedinturnas “first”positions, and allthe points in a bin whichhas been chosen formatching are tried sequentially. Ligand and receptor bins are chosen formatchingwhen they have the same distance limitsfromtheirrespective“first”points. The numberofcenters ineach bindetermines howmanysets ofpointsinthe receptor and the ligandwillultimatelybe compared. In general, the widerthe bins, the greater the number of orientations generated. Thus, the thoroughness of the search is under user control.

Version 3.0

Elaine Meng, Brian Shoichet, Irwin Kuntz

Version3.0 retained the matching features of version 2.0, and introduced options for scoring (Meng, Shoichet, and Kuntz,1992). Besides the simplecontact scores mentioned above, one can also obtain molecularmechanics interactionenergies using gridfilescalculated by CHEMGRID(whichis nowsuperseded by GRIDinversion4.0). Moreinformationabout the ligandand receptor molecules is required to performthese higher-levelkindsofscoring. Pointcharges on the receptor and ligandatoms are needed forelectrostaticscoring,and atom-typeinformationis needed forthe van der Waals portionofthe force fieldscore. Inputformats (some ofthem new inversion 3.5) are discussed invarious parts ofthe documentation;one example ofa “completeformat”(includingpointcharges and atom type information)is SYBYLASCII(MOL2) format(TriposAssociates, Inc.,St. Louis,MO63117).Parameterization ofthe receptor is discussed inthe documentationforCHEMGRID. InDOCK, ligandparameters are read inalong 52

Reference Manual DOCK

withthe coordinates; input formats are described below. Currently,the options are: contact scoring only, contact scoring plus Delphi electrostatic scoring, and contact scoring plus force fieldscoring. Atom-type information and point charges are not required for contact scoring only.

Version 3.5

Mike Connolly, Daniel Gschwend, Andy Good, Connie Oshiro, Irwin Kuntz

Version3.5 added several features: score optimization,degeneracy checking,chemicalmatchingand critical clustering.

Version 4.0

Todd Ewing, Irwin Kuntz

Version4.0 was a majorrewriteand update of DOCK. Anew matchingengine was developed whichis more robust, efficient,and easier touse. Orientationalsamplingcan nowbe controlleddirectlybyspecifyingthe number of desired orientations. Additionalfeatures include chemical scoring, chemical screening, and ligand flexibility.

DOCK Reference Manual

53

Command-line Arguments

DOCKmay be executed ineither interactiveor batch mode, depending on whetheroutputis writtento a

file. In interactivemode, the user is requested onlyforparameters relevant to the particularrun and defaultvalues are provided. Thismode is recommended forthe initialconstructionofthe inputfileand forshort calculations. Inbatch mode, inputparameters are read in fromthe inputfileand alloutput is writtento the output file. Thismode is recommended forlongcalculationsonce an inputfilehas been generated interactively.

Interactive mode

• dock -i dock.in

When launched this way, DOCK willextract allrelevant parameters fromdock.in (or any filesupplied bythe user). Ifadditionalparameters are needed (orifthe dock.in fileisnon-existentorempty),DOCK willrequest them one at a timefromthe user. Reasonable defaultvalues are presented. Anyparameters suppliedby the user willbe automaticallyappended to the dock.in file. Ifthe user wouldliketo change any previously entered values, the user can edit in the dock.in file using a text editor.

• dock -i

DOCK will behave as above, but will assume the input file to bedock.in.

• dock -s

Table 1. DOCK command-line arguments

flag optional argument behavior

-i input_file INPUT FILE — Parameters are extracted from input_file, or
                      dock.in if not specified.

-o output_file OUTPUTFILE— Results are writtentooutput_file,ordock.out

ifnot specified. Ifa -o flagis present then DOCKruns inbatch mode, otherwise it runs interactively (see below).

-s STANDARD INPUT — Parameters are entered interactively without

the construction of an input file. This option is generally not recommended.

-r RESTART — Run is initialized with information from a restart file.

Thisoptionis used to restart a rank_ligands dockingrun that was terminated prematurely.

-p PROFILE — Time spent in docking routines and minimizer statistics

are profiled. Thisoptionhelps the user to identifythe bottleneckofa particular calculation and to choose optimal minimizer parameters. See Performance on page 73.

-t TERSE— Reduced outputlevel. Thisoptionhelps reduce the size of

the output file when docking a large number of molecules.

-v VERBOSE — Increased output level. This option allows additional

data to be includedinthe output. Recommended forsinglemolecule runs.

54

Reference Manual DOCK

DOCKwillrun interactively,but willnot check any inputfileforparameters and willnot append any en-

tered parameters to a file.

Batch mode

• dock -i dock.in -o dock.out

DOCKwillrun in batch mode, extractingallrelevant parameters fromdock.in (or any filesupplied by

the user) and willwriteout alloutputto dock.out (orany filesuppliedby the user). Ifany parameters are missing or incorrect,then execution willhalt and an appropriate error message willbe reported in

   dock.out.

• dock -i -o

DOCK will behave as above, but will assume the i/o files to bedock.in and dock.out.

• dock

Ifa filecalled INDOCK is present inthe current workingdirectory,then DOCKwilluse itas an inputfile. Outputwillbe writtento a filecalled OUTDOCK. Thismode is present forreverse compatibilitywithprevious versions ofDOCK.

Molecule File Conversion

• dock -i old.mol2 -o new.pdb

Ifthe inputand output filehave recognized coordinate fileextensions (*.mol2, *.pdb, *.xpdb,

*.sph, *.ptr), then DOCKwillautomaticallyconstruct its own parameter inputfileto performa file

conversion operation.

Molecule File Input/Output

Althoughmolecule filescan be inputand output at the command line to performfileconversion, they are more commonlyspecifiedwithinthe inputfileto specifysuch thingsas the ligandinputcoordinates, the receptor site pointand atom coordinates, and the ligandoutput coordinates foreach scoring function. When each filename is read in fromthe input file,it is checked to make sure it has one of the recognized fileextensions (*.mol2, *.pdb, *.xpdb, *.sph, *.ptr), so that DOCKcan identify the proper the file format.

Passing coordinates through a UNIX pipe

DOCKcan be run as part ofa UNIXpipe ofcommands, in whichmoleculecoordinates are passed between a series of commands. To configurea dock run to operate withina UNIXpipe, dock must be instructedto read moleculecoordinates fromthe standard inputstream and/or writecoordinates to the standard outputstream. Todo this, the streams must not be inuse forinteractiveprocessing (ie.dock outputmust be directed to an outputfilewiththe -o command lineflag). Withinthe inputfile,DOCKcan be instructed to use the standard streams for coordinates by using stdin.ext when specifyingthe inputfilename and stdout.ext forthe output filename. The *.ext fileextension must be one of the coordinate file extensions recognized byDOCK so that the proper file format can be used.

DOCK Reference Manual

55

Input Parameters

File Format

Input parameters may be supplied in a text file. There are few simple format rules for this file.

Parameters

DOCKhas a large numberofinputparameters because ofitswidearray offunctionality.Parameters are

read inhierarchically,withthe most general parameters first. Theyare also ordered accordingto broad classes offunctionalityinordertomake the process ofselectionmoreintuitive.Forinstance allscoringrelated parameters are requested together. Since onlythe relevant parameters are requested based on precedingselections, itisrecommended that initialparameter selectionbe done interactivelytogenerate a sensible input file as painlessly as possible.

The followinglist of parameters are grouped according to the order they are requested at run time. Again, many parameters are listed here that will not be requested during your particular run.

The default values listed here may be differentfromthose provided during a particularrun, because

DOCK tries to recommend sensible parameter values based on preceding selections.

Table 3. DOCK input Parameters

Table 2. Format of Input File

Rule Consequence

Parameter names mustbe the firstwordona line to be recognized.

Any character or word preceding a parameter effectively comments it out.

The word following a recognized parameter name is interpreted as the parameter value.

Comments can appear on the same line,after a parameter and value.

Blank lines are allowed. Comments can appear on separate lines.

Empty files are allowed. Missingparameters willbe flagged(batchmode) or requested (interactive mode).

The order of parameters is irrelevant.

3A: General

Parameter Type Default Description

Parameters in this category determine the general behavior of the dock run. Each option can be used inisolationand many incombinationto allowDOCKto performa diverse repertoireoftasks. If none of these flags are selected, then DOCK simply reads in a single molecule and writes it out, which is useful for file format conversion.

flexible_ligand boolean no Flag to allowligand flexibility.

orient_ligand boolean no Flag to perform anorientation search.

56

Reference Manual DOCK

score_ligand boolean no Flagtoperformscoringoforientations

or conformations.

minimize_ligand boolean no Flag to perform local score

minimization of orientations or conformations.

multiple_ligands boolean no Flag to process multiple ligands.

chemical_screen boolean no Flag to performchemical screening

(multiple_ligands must be selected, but not orient_ligand or

                                            score_ligand).

parallel_jobs boolean no Flag to perform docking asparallel

jobsorchestrated bya server dockjob (multiple_ligands must be selected).

random_seed integer 0 Integer to seed the random number

generator.

3B: Ligand Flexibility

Parameter Type Default Description

Ligand flexibility parameters can be used in various combinations to relax an input conformation, to performa conformationalsearch ofa molecule,or to performa completelyflexibledockingofa molecule. See Conformation Search on page 32 for more discussion.

anchor_search boolean no Flag to organize rigid segments into

concentric layers around an anchor. Only the anchor is included in initial scoring/orienting.Theoutersegments are reattached in a subsequent conformation search.

• yes = Anchor-First Search is performed.

• no = Simultaneous Search of all torsionsisperformedpriortoother processing.

multiple_anchors boolean no Flag to select several anchors for a

molecule.

• yes = All rigid segments meeting

anchor_sizecriteriawillbe tried

independently as anchors.

• no = The largest segment is used.

3A: General (Continued)

Parameter Type Default Description

DOCK Reference Manual

57

anchor_size integer 10 Minimum number of heavy atoms for

an anchor ifmultiple_anchors requested. Ifnosegment satisfies this value, then the largest segment is used.

write_partial_structure
s

                          boolean no Flag to write out all partially-built

structures during the anchor-first search. This option is useful to monitor the intermediate stages of a flexible ligand dock run. The structures from each cycle of growth are writtentoa separate file,witheach file name constructed as shown in Table 6. on page 34.

torsion_drive boolean no Flag to perform a conformational

search bydrivingeach torsionthrough a set of low-energy dihedral values read from theflex_drive_file.

clash_overlap real 0.5 AmountofatomVDWoverlapallowed

during atorsion_drive. If two ligandatoms approach closerthanthis fraction of the sum of the VDW radii, then the conformation is discarded. Similar tobump_overlap ingrid.

• 0 = Complete overlap allowed.

• 1 = No overlap allowed.

configurations_per_cycl
e

                          integer 25 Sets the amountofsamplingduringan
                                            anchor_search with a
                                            torsion_drive. Thisvaluesets the

approximatenumberofconfigurations retained during each cycle of the search. See Pruningthe conformation search tree on page 36 for a full description.

3B: Ligand Flexibility (Continued)

Parameter Type Default Description

58

Reference Manual DOCK

conformation_cutoff_fac
tor

                          integer 5 Sets the amount ofsamplingduringa

simultaneous search with a

torsion_drive. This value,

multiplied by the number of rotatable bonds in the molecule, sets the cutoff on the number of conformations generated, Ncut.

• If the number of molecule

conformations, N, is less than Ncut, an exhaustive systematic search of the N conformations is performed.

• Otherwise, a random search of Ncutconformationsis performed, with torsion values selected randomly from the

                                              flex_drive_file.

torsion_minimize boolean no Flag to perform torsion relaxation

based on intramolecular_score and/or intermolecular_score.

reminimize_layer_number integer 2 Numberofpreviouslayerstominimize

whileminimizingthe currentsegment. Only neighboring segments in inner layers (and their neighbors in outer layers) are minimized. This feature helps rescue conformationsfromdead ends during the search.

minimize_anchor boolean yes Thisflagspecifies whetherthe anchor

is minimized during the initial anchor docking. Ingeneral thisflagshouldbe turned on.

reminimize_anchor boolean yes If a partially-built molecule is

minimized during conformation search, but no minimizablebonds are active, then a rigid-body minimization is performed. Thisflagwillforcesuch a rigid-bodyreminimizationthroughout the search. This method is a more expensive (but effective) way to rescue conformations.

reminimize_ligand boolean yes Flag to reminimize the molecule after

the conformation search, letting all torsions and the anchor positionrelax simultaneously. This process resolves any accumulated strain built up during the search.

3B: Ligand Flexibility (Continued)

Parameter Type Default Description

DOCK Reference Manual

59

flexible_bond_maximum integer 10 The maximum number of flexible

bonds allowed in a molecule, when

                                            multiple_ligands are processed.

write_conformations boolean no When a conformation search is

performed (torsion_drive selected) without an orientation search, then multiple conformations may be stored with this flag. Otherwise, only the best scoring conformation is written.

write_conformation_tota
l

                          integer 100 This parameter specifies the number

of conformations to store per molecule.

3C: Orientation Search

Parameter Type Default Description

Orienting the ligand is fundamental to the docking process. Orienting is traditionally done by matching. Alternative orienting procedures are also available, particularly the random search, which can optionally be run without any site points. For typical uses, the traditional matching process is stillrecommended. Please referto OrientationSearch on page 28 formore discussion.

match_receptor_sites boolean no Flag to perform traditional site point-

directed matching.

random_search boolean no Flag to randomly search ligand

orientations.

• Withmatch_receptor_sites, all matches are constructed randomly rather than based on distance comparisons.

• Otherwise, orientations are randomly constructed inside the smallest rectangular volume that encloses all points read in as site points.

See Random Search on page 29 for more discussion.

ligand_centers boolean no Flagtouse ligandcenters read infrom

a separate fileformatchinginstead of ligand heavy atoms. Please refer to Macromolecular Docking on page 46 for more discussion.

3B: Ligand Flexibility (Continued)

Parameter Type Default Description

60

Reference Manual DOCK

automated_matching boolean yes

(single ligand),

no

(multiple ligands)

Flag to let matching proceed in an automated fashion until a desired number of orientations have been formed. It is recommended for single ligand dock runs. For database searching, manual matching is recommended because dock then spends more time on ligands which are complementary to the site.

maximum_orientations integer 5000,
                                  (500 if

automat- ed matching)

Withautomated_matching or

random_search, thissets numberof

orientations to generate for each molecule. Otherwise,itsets the upper limit on the number of orientations made by matching.

write_orientations boolean no When performing an orientation

search with rigid ligands, this flag allows multiple orientations to be saved. Otherwise, only the bestscoring orientation of each ligand is saved.

rank_orientations boolean no Ifmultipleorientationsare saved, then

this flag causes orientations to be ranked by score. Otherwise, all orientations that pass a cutoff (see

contact_maximum, etc) are written

out in the order they are encountered.

rank_orientation_total integer 100 Number of ranked orientations to

store.

write_configurations boolean no When performing an orientation

search in combination with a conformation search (torsion_drive selected), this flag allows multiple configurations (conformations + orientations) to be saved. Otherwise, only the bestscoringconfigurationofeach ligandis saved.

write_configuration_tot
al

                          integer 100 Number of configurations to store for

each molecule (ranked by score).

3C: Orientation Search (Continued)

Parameter Type Default Description

DOCK Reference Manual

61

3D: Matching

Parameter Type Default Description

Matching is the traditional procedure driving the orientation search inDOCK. If

automated_matching is selected, then the amount of sampling is controlled by
maximum_orientations only(and no other matchingparameters can be set by the user). Ifit

is not selected (manual matching), then the amount of sampling is controlled by the node and distance parameters. Other constraints on manual matching are available based on chemical labeling or critical clusters. SeeManual Matching on page 29 for further discussion.

nodes_minimum integer 3 Smallest number of atom-site point

interactions needed to construct an orientation.

nodes_maximum integer 10 Largest number of atom-site point

interactions considered to construct an orientation

distance_tolerance real 0.25 Maximumdifferencebetween allintra-

ligand and intra-receptor distances in a match. This is the chief sampling parameter for matching.

distance_minimum real 2.0 Minimumintra-ligandorintra-receptor

distance allowed in a match. This parameter biases matching toward longer distances which convey more informationabout ligandor site shape.

check_degeneracy boolean no Flag to discard matches that are

subsets of larger matches.

reflect_ligand boolean no Flag to dock the mirror image of a

ligand to rescue an improper match. Half of all matches with 4 or more nodes require reflection, otherwise they are discarded. Use of this parameter is not generally recommended.

critical_points boolean no Flag to force matching to include

members from a particular group (or groups) ofsite pointsinevery match. This parameter is useful to focus docking around a few key residues in an active site.

multiple_points boolean no Flag used in combination with
                                            critical_points to allow multiple

pointsfromthe same criticalcluster to appear in a match.

chemical_match boolean no Flag to use chemical labeling to

identify bad interactions within a match so that the orientation can be discarded before it is even generated. 62

Reference Manual DOCK

3E: Scoring

Parameter Type Default Description

Each orientation is scored according to the options selected in this section. Several scoring functions exist and are treated independently of each other. To filter molecules based on more than one functionsimultaneously,you willneed to rescore ina subsequent step. Mostscoring is speeded up by precalculating a potential on a 3D grid, but continuum scoring is available.

intramolecular_score boolean no Flag to compute score between

rigid segments. This feature is availableifflexible_ligand is selected.

intermolecular_score boolean no Flag to compute score between

ligand and receptor.

gridded_score boolean yes Flag to use precomputed grids

toevaluate the score, otherwise a continuous evaluation is made.

grid_version real 4 Optiontoselect gridscomputed

by current version ofgrid or by version 3.5 CHEMGRID.

grid_points integer 1000000 If a version preceding 4 is

selected, then this parameter specifies how many grid points are contained in the grids.

bump_filter boolean no Flag to screen each orientation

forclashes withreceptor priorto scoring and minimizing.

bump_maximum integer 0 Maximum number of allowed

bumps.

contact_score boolean no Flag to perform contact scoring.

contact_cutoff_distance real 4.5 Interaction distance for contact

scoring. Please refer to

contact_cutoff_distance

ingrid.

contact_clash_overlap real 0.75 Amount of VDW overlap

allowed. Iftwoatoms approach closer than this fraction of the sum oftheirVDWradii,then the contact score is penalized.

• 0 = Complete overlap

allowed.

• 1 = No overlap allowed.

contact_clash_penalty real 50 Amount that contact score is

penalized for each clash.

DOCK Reference Manual

63

chemical_score boolean no Flag to perform chemical

scoring. Thisfeatureisincluded forexperimentalpurposes only. Parameterization is left to the user. Use at your own risk.

energy_score boolean no Flag to perform energy scoring.

energy_cutoff_distance real 10 Maximumdistance between two

atoms for their contribution to the energy score to be computed.

distance_dielectric boolean yes Flag to make the dielectric

depend linearlyon the distance.

dielectric_factor real 4 Coefficientofthe dielectric.See

Equation 1 on page 74 for context.

attractive_exponent integer 6 Exponent of attractive Lennard-

Jones term for VDW potential.

repulsive_exponent integer 12 Exponent of repulsive Lennard-

Jones term for VDW potential.

atom_model string u Flagforhowtomodel non-polar

hydrogens.

• u = United atom model.

Hydrogens attached to carbons are assigned a zero VDW well-depth and the partial charge is transferred to the carbon.

• a = All atom model.

Hydrogens attached to carbons have regular VDW well-depth and partial charge is not modified.

vdw_scale real 1 Scaling factor of vdw

component of energy score.

electrostatic_scale real 1 Scaling factor of electrostatic

component of energy score.

rmsd_score boolean no Flag to perform rmsd scoring,

which is the rmsd of the molecules in the

ligand_atom_file with

respect to the molecule in the

receptor_atom_file. Both

molecules must have identical atoms.

3E: Scoring (Continued)

Parameter Type Default Description

64

Reference Manual DOCK

contact_maximum
chemical_maximum
energy_maximum
rmsd_maximum

                              real 0 If orientations or ligands to be

written, but not ranked, then they must pass thisscore cutoff to be written to file.

contact_size_penalty
chemical_size_penalty
energy_size_penalty

                              real 0 Ifligandstobe ranked,thenthey

may be penalized by this value foreach heavyatom. Thishelps correct for the uncomplexed score and reduce the size bias.

rmsd_override real 0 If orientations to be written, but

not ranked, then orientations with an RMSD (with respect to the input orientation) less than this value are written to file regardless of score.

3F: Minimization

Parameter Type Default Description

Minimization allows on-the-fly adjustment of a molecule’s orientation and/or conformation to improve its score. Though this calculation is CPU intensive, it improves the efficiency of the orientation or conformation search. The simplex algorithm uses random displacements to seed the search. Consequently, minimization results vary depending on the random seed selected by the user and the order ofinputmolecules and site points. Ifhigh-qualityresults are required,then repeat the run several times with different random seeds.

contact_minimize
chemical_minimize
energy_minimize
rmsd_minimize

                          boolean n Flags to perform minimization with

respect to each scoring function.

initial_translation real 1 The maximum initial step size (in

Angstroms) of the simplex in each cartesian dimension. The actual step size is a random value between zero and this value.

initial_rotation real 0.1 The maximum initial step size

(unitless)foreach axisofrotation. The quaternion representation is used. A value of one corresponds to a 180 degree rotation.

3E: Scoring (Continued)

Parameter Type Default Description

DOCK Reference Manual

65

initial_torsion real 10 The maximum initial step size (in

degrees) for each torsion when

flexible_ligand set. When

several layersare minimizedtogether, the outermostlayergets a fullstep and the step foreach innerlayeris divided by 2, 3, etc.

maximum_iterations integer 100 Maximum number of simplex

iterations for each cycle of minimization.

contact_convergence
chemical_convergence
energy_convergence
rmsd_convergence

                          real 0.5 Convergence criteria with respect to

each scoring function. At any iteration, if all vertices of the simplex have a score within this value of the best score, then minimization terminates.

maximum_cycles integer 1 Maximum number of minimization

cycles. After the first cycle, the initial step sizes are divided by 2, 3, etc.

cycle_convergence real 1 The distance a minimization cycle

must travel to trigger another cycle. The vector distance of the final simplex vertices is used, which is normalized with respect to the initial step size.

contact_termination
chemical_termination
energy_termination
rmsd_termination

                          real 1 If the score is greater than this value

after a cycle of minimization, then no more cycles are attempted. This parameter isusefultoavoidprolonged minimization of unrecoverable orientations or conformations.

3F: Minimization (Continued)

Parameter Type Default Description

66

Reference Manual DOCK

3G: Chemical Screening

Parameter Type Default Description

Chemical screening allows for rapid filtering of a database based on chemical and 3D distance descriptors. Before any screening can be done, the database must be keyed using the

construct_screen parameter at which timeligand flexibility should be considered. Then
screen_ligands can be activatedtodopharmacophore screening orsimilarityscreening. Make

sure to use the same distance bin dimensions. See Chemical Screen on page 44 for more discussion.

construct_screen boolean no Flag to construct distance chemical

keys for each input molecule.

screen_ligands boolean no Flag to screen inputmolecules based

on distance chemical keys.

pharmacophore_screen boolean no Flag to screen based on whether

molecule keys include pharmacophore pattern.

similarity_screen boolean no Flag to screen based on similarity of

molecule keys to target keys.

dissimilarity_maximum float 0.25 Maximum dissimilarity with target to

write out molecule.

distance_begin float 2 Smallest distance of interest in

fingerprint.

distance_end float 17 Largest distance of interest in

fingerprint.

distance_interval float 0.5 Distanceresolutionoffingerprint.The

total number of distance keys cannot exceed 30, since a 32-bit key is currently used with the terminal bits being reserved for out-of-range values.

DOCK Reference Manual

67

3H: Parallel Jobs

Parameter Type Default Description

The parallel job parameters provide a convenient way to process a large database of molecules and distribute the workload over many computers. One dock job must be configured as a server job. Any number of other jobs running on separate machines are configured as client jobs. The server jobreads the entiredatabase and parses molecules out to the clientjobs forprocessing. It is recommended that the server jobbe executed on the computerwhichstores the database. The server joband each clientjobrequires itsowninputfile. See Database Processing on page 42 for more discussion.

parallel_server boolean no Flag to identify this job as the server

job.

server_name string server The name used by the server job to

communicate with client jobs.

client_total integer 5 The number of client jobs at the

disposal of this server job.

client_name_1
client_name_2
client_name_3 ...

                          string clientN Ifparallel_server set, then this

list of names of client jobs is requested.

client_name string client Ifparallel_server not set, then

the name ofthisparticularclientjobis requested. To be recognized by the server, this name must be includedin the client_name_N list supplied to the server job.

3I: Multiple Ligands

Parameter Type Default Description

The parameters in this category control the processing of a database of ligands. See Database Processing on page 42 for more discussion.

ligands_maximum integer 1000 The maximum number of ligands to

read in from the input file. This INCLUDES skipped ligands.

initial_skip integer 0 The initial number of ligands to skip.

This is useful to position the reading stream toa particularpointinthe input file.

interval_skip integer 0 Thenumberofligandstoskipforevery

ligand processed. This is useful to performa preliminaryscan a database for timing purposes, or to coordinate the processing of a database over multiple machines. 68

Reference Manual DOCK

heavy_atoms_minimum integer 0 Minimum number of heavy atoms. In

general, set this to at least three (or

nodes_minimum) when an

orientation search is performed.

heavy_atoms_maximum integer 100 Maximum number of heavy atoms.

rank_ligands boolean no Flag to rank best molecules.

• yes = Only top scorers written.

• no =For each molecule, the best orientation (or set of orientations withwrite_orientations) is written.

rank_ligand_total integer 100 Number of ranked ligands.

restart_interval integer 100 Numberofligandstoprocess between

each timerestart informationis saved.

3J: Input

Parameter Default Description

The user must supply several kinds of input files.

• Coordinate Contains molecules/site points (*.mol2, *.pdb, *.xpdb, *.ptr, *.sph).

• Grid Contains precalculated score potentials (*.bmp, *.cnt, *.chm, *.nrg).

• Parameter Contains VDW, chemical and flexibility parameters (*.defn, *.tbl).

• Control Empty. Used to interact with a running job (*.quit, *.dump).

ligand_atom_file ligand.mol2 File containing ligand atom

coordinates.

ligand_center_file ligand_center.sph Filecontainingligandsite points

(see Macromolecular Docking on page 46).

receptor_site_file receptor_site.sph File containing receptor site

points.

score_grid_prefix score_grid Prefix for files containing

precalculated score grids.

receptor_atom_file receptor.mol2 File containing receptor atom

coordinates. Used for continuum (no grids) scoring when gridded_score not set.

vdw_definition_file $PATH/vdw.defn FilecontainingVDWlabels and

parameters. See vdw.defn on page 105.

3I: Multiple Ligands (Continued)

Parameter Type Default Description

DOCK Reference Manual

69

chemical_definition_file $PATH/chem.defn File containing chemical labels

and definitions.See chem.defn on page 106.

chemical_match_file $PATH/
                           chem_match.tbl

File containing chemical interaction table for use when

chemical_match set. See

chem_match.tbl on page 107.

chemical_score_file $PATH/
                           chem_score.tbl

File containing chemical interaction table for use when

chemical_score set. See

chem_score.tbl on page 108.

chemical_screen_file $PATH/
                           chem_screen.tbl

File containing chemical interaction table for use when

similarity_screen set.

See chem_screen.tbl on page 109.

flex_definition_file $PATH/flex.defn File containing flexible bond

labels and definitions for use when flexible_ligand set. See flex.defn on page 110.

flex_drive_file $PATH/
                           flex_drive.tbl

File containing torsion parameters for a

torsion_drive search. See

flex_drive.tbl on page 111.

quit_file *.quit When multiple_ligands is

set, this file may be created by the user at anytimetosignalthe dockjobtoterminateexecution. Ifrank_ligands is set, the best moleculesare writtentofile and an up-to-date restart file is generated.

dump_file *.dump Ifrank_ligandsisset, thisfile

may be created by the user at anytimetosignalthe dockjobto write the best molecules to file and resume execution.

3J: Input (Continued)

Parameter Default Description

70

Reference Manual DOCK

3K: Output

Parameter Default Description

DOCK writes up to three kinds of output files.

• Coordinate Contains docked molecules (*.mol2, *.pdb, *.xpdb, *.ptr, *.sph).

• Info Contains current ligand rankings.

• Restart Contains restart information.

ligand_out_file
ligand_contact_file
ligand_chemical_file
ligand_energy_file
ligand_rmsd_file

                           ligand_out.mol2
                           ligand_cnt.mol2
                           ligand_chm.mol2
                           ligand_nrg.mol2
                           ligand_rms.mol2

Files containing docked, minimized, rescored, or reformatted molecules for each type of scoring.

info_file *.info File containing summary

information about the current

                                              rank_ligands list.

restart_file *.rst File containing detailed

information about current

rank_ligands list which is

sufficient for restarting if the current job is prematurely terminated. See Command-line Arguments on page 53 for restart instructions.

DOCK Reference Manual

71

Output

DOCKreports several kindsofinformationas outputwhichis either writtento screen ininteractivemode

or written to file in batch mode. Each section of the output is discussed below.

Heading

The heading lists general informationabout the current job. The launch_time, host_name and

working_directory fields are useful to help the user archive the run conditions. The
memory_limit fieldrefers to the amount ofRAMinbytes availableto the job. Thisis can at most be

equal tothe physicalmemoryofthe computer,butmaybe less iflimitshave been imposed on the users shell. Ifthe jobrequires more RAMthan is available,then executionis stopped and an error message is reported.

      UUUUUUUUU     CCCCCCC     SSSSSSS    FF/   FFF/
      UU/    UU/  CC/    CC/  SS/    SS/  FF/ FFF/
     UU/    UU/  CC/    CC/  SS/         FFFFF/
    UU/    UU/  CC/    CC/  SS/         FF/ FF\
   UU/    UU/  CC/    CC/  SS/    SS/  FF/   FF\
 UUUUUUUUU/    CCCCCCC/    SSSSSSS/   FF/     FF\

University of California at San Francisco, DOCK 4.0

__________________Job_Information_________________
launch_time                    Wed Mar 19 12:05:01 1997
host_name                      mycomputer
memory_limit                   126062592
working_directory              /usr/people/user
user_name                      user

72

Reference Manual DOCK

Parameters

Allinputparameters are echoed intothe output. Infact, the outputfilemay be used as an inputfilefor another run. This is a useful technique to clean up an old, cluttered input fileand make a tidy,wellorganized input file.

Thisparticularparameter listis nearly the shortest possible since most general parameters have been turned off. Itis constructed automaticallywhen DOCKis used toconverta moleculefileformat(see Molecule File Conversion on page 54).

Ifa parameter is notneeded itis notreported inthe output. The user can overridethisfeature and force all parameters to be written out by using the-v flag (see Command-line Arguments on page 53).

Results

Thedockingresults ofeach moleculeare outputas above. Interse mode (-t flag)allresults are printed on a single line.

This particular output is from the flexible docking of a molecule.

       ________________General_Parameters________________
       flexible_ligand                no
       orient_ligand                  no
       multiple_ligands               yes
       score_ligand                   no
       chemical_screen                no
       parallel_jobs                  no

       ____________Multiple_Ligand_Parameters____________
       ligands_maximum                <infinity>
       initial_skip                   0
       interval_skip                  0

       ____________________File_Input____________________
       ligand_atom_file               old.mol2

       ____________________File_Output___________________
       ligand_none_file               new.pdb

_________________________Docking_Results_______________________
Name         : ligand1
Description  : ****
Orientations tried                                 :        616
Orientations scored                                :        500

Best energy score                                  :     -59.02
  Intramolecular energy score                      :      12.18
  Intermolecular energy score                      :     -71.20
RMSD of best energy scorer (A)                     :       2.39

Elapsed cpu time (sec)                             :     492.87

DOCK Reference Manual

73

Performance

Thissection of the output is generated ifthe user used the -p command-lineflag(see Command-line Argumentson page 53). Itis intended to help the user to understand the performance bottlenecks ofa particularrun and to make informedparameter choices. Since minimizationcan consume significant portions of cpu time, it is profiled in more detail.

This particularoutput is froma flexibledockingrun in whicha majorityof the cpu time is spent during the peripheral conformation search.

______________________Docking_Performance______________________

Procedure timings                             time (s)  percent
Read                                              0.11        0
Screen                                            0.00        0
Orientation Search                                0.48        0
Orientation Score                                49.90       10
Conformation Anchor                               0.05        0
Conformation Peripheral                         442.38       90
Other                                             0.02        0
Total                                           492.94      100

Minimizer usage                       minimum  average  maximum
Calls per molecule                       4200     4200     4200
Score improvement per call                  0  2.7e+10  8.7e+13
Vertices per call                           1        3        6
Cycles per call                             1        2        5
Iterations per cycle                        1       15      100

74

Reference Manual grid

GRID

Author: Todd Ewing Based on work by Elaine Meng and Brian Shoichet

Overview

GRID creates the grid files necessary for rapid score evaluation in DOCK. Three types of scoring are

available:contact, chemical and energy scoring. The scoring grids are stored in filesending in *.cnt, *.chm,and *.nrgrespectively. Whendocking,each scoringfunctionisappliedindependent ofthe others and the results are written to separate output files.

GRIDalso computes a bump gridwhichidentifieswhether a ligandatom is insevere steric overlapwith

a receptor atom. The bump gridis identifiedwitha *.bmpfileextension. The filecontainingthe bump grid also stores the size, position and grid spacing of all the grids.

The gridcalculationmust be performedpriorto docking. The calculationcan take up to 45 minutes,but needs to be done onlyonce foreach receptor site. Since DOCKcan performcontinuumscoringwithout a grid,the gridcalculationis not alwaysrequired. However,formost dockingtasks, such as when multiplebindingmodes fora moleculeor multiplemolecules are considered, itwillbecome more timeefficient to precompute the scoring grids.

Bump Checking

Prior to scoring, each orientationcan be processed withthe bump filterto reject ones that penetrate deep into the receptor. Orientationsthat pass the bump filterare then scored and/or minimizedwith any of the available scoring functions.

The waya bump is detected has been changed frompreviousversions ofDOCK. Instead ofa strictdistance cutoff,a bump is based on the sum ofthe van der Waals radiiofthe twointeractingatoms. The user specifies what fractionofthe sum is considered a bump. For example, the defaultdefinitionof a bump is if any two atoms approach closer than 0.75 of the sum of their radii.

The waybumpinformationisstored on a gridhas also changed. Rather than storinga True/False value at every gridpoint,GRIDstores an atomicradius whichcorresponds to smallest radius ofligandatom at the gridpositionwhichwouldstilltriggera bump. Duringdocking,fora given orientation,the position of each atom is checked withthe bump grid. Ifthe radius of the atom is greater than or equal to the radius stored inthe bumpgrid,then the atom triggersa bump. Toconserve diskspace, the atom radius is multipliedby10 and converted to a short unsigned integer,whichtakes up as much memory(1 byte) as the True/False value used in the previous implementation.

Energy scoring

The energy scoring component of DOCKis based on the implementationof force fieldscoring (See 20 inthe References section ofthe Users Guide)inearlierversions ofDOCK. Force fieldscores are approximate molecularmechanics interactionenergies, consistingofvan der Waals and electrostaticcomponents:

Equation 1 E A_{ij}

r_{ij}^a

------

B_{ij}

r_{ij}^b

------

– 332 q_iq_j Dr_{ij}

---------- + j 1= rec ∑ i 1= lig ∑^= grid Reference Manual

75

where each termis a doublesum over ligandatoms iand receptor atoms j, whichincludethe quantities listed below.

Generalization of the VDW component

The van der Waals component ofthe scoringfunctionhas been generalized to handle any combination of repulsive and attractiveexponents (providingthat a > b). The user may choose to "soften"the potentialby using a 6-9 Lennard-Jones function. The general formof the van der Waals interactionbetween two identical atoms is presented inEquation 2,

Equation 2

which includes the following additional quantities.

The coefficientsC and D can be determined given the two following boundary conditions.

, at Equation 3

, at Equation 4

Applicationofthese boundaryconditionsto Equation2 yieldsan expression ofthe van der Waals interaction with a generalized Lennard-Jones potential.

Equation 5

The consequence ofusing a differentexponent forthe repulsivetermare illustratedinFigure1. Notice that the wellpositionand depth are unchanged, but that the repulsive barrier has shrunk by about a quarter Angstrom.

E Intermolecular interaction energy

rij Distance between atoms i and j

Aij and Bij van der Waals repulsion and attraction parameters

a and b van der Waals repulsion and attraction exponents

qi and qj Point charges on atoms i and j

D Dielectric function

332 Factor to convert electrostatic energy to kcal/mol.

C and D Coefficients to be determined

ε Well depth of interaction energy

R van der Waals radius of atoms

E_{vdw} Cε 2R r ------- a Dε 2R r ------- b – =

rd dE_{vdw}

0= r 2R=

E_{vdw} ε–= r 2R=

E_{vdw} ε b

a b–

------------ 2R r ------- a ε a a b–

------------ 2R r ------- b – =

76

Reference Manual grid

Figure 1. Distance dependence of Lennard-Jones Function

Precomputing potentials on a grid

ByinspectionofEquation1 and Equation5, the repulsionand attractionparameters (Aijand Bij) forthe interactions of identical atoms can be derived from the van der Waals radius,R, and the well depth,ε.

and Equation 6

In order to evaluate the interactionenergy quickly,the van der Waals and electrostatic potentials are precomputed forthe receptor and stored on a gridofpointscontainingthe dockingsite. Precomputing the van der Waals potential requires the use ofa geometricmean approximationforthe Aand Bterms, as shown in Equation 7.

and Equation 7

Using this approximation,Equation 1 can be rewritten:

Equation 8

Three values are stored forevery gridpointk, each a sum over receptor atoms that are withina userdefined cutoff distance of the point:

, , and Equation 9

These values, withtrilinearinterpolation,are multipliedby the appropriate ligandvalues to givethe interactionenergy. GRIDcalculates the gridvalues and stores them infiles. The values are read induring a DOCKrun and used forforcefieldscoring.SubstitutingEquation9 intoEquation8, the interactionenergy is:

Equation 10

2 3 4 5 Interatom Distance

0 10 20 30 40 50 60

Score Value

6-12 vdw 6-9 vdw

2 3 4 5

-0.2

-0.1 0 0.1 0.2 0.3 The radius and well depth used to generate this figure (1.925 A and 0.12 kcal/mol) represent a united-atom model of CH_2.

A_{ii} ε b

a b–

------------ 2R( )^a = B_{ii} ε a a b–

------------ 2R( )^b =

A_{ij} A_{ii} A_{jj}

= B_{ij} B_{ii} B_{jj} =

E A_{ii}

A_{jj}

r_{ij}^a

----------

j 1= rec ∑^Bii^{Bjj}_{rijb}^{-----------}_{j 1=} rec ∑ – 332q_i q_j Dr_{ij}

---------

j 1= rec ∑ + i 1= lig ∑^=

A_{rec}

A_{jj}

r_{ij}^a

----------

j 1= rec ∑^{= B}rec^{Bjj}_{rijb}^{-----------}_{j 1=} rec ∑^{= Q}rec^{332 qj}_{Drij}^{---------}_{j 1=} rec ∑ =

E A_{ii}A_{rec} B_{ii}B_{rec}

– q_iQ_{rec} + ( ) i 1= lig ∑^= grid Reference Manual

77

Atoms that fall outside the grid, if any, are given interaction energies of zero.

The user determines the locationand dimensions ofthe gridbox using the program SHOWBOX. Itis not necessary forthe wholereceptor to be enclosed; onlythe regions where ligandatoms may be placed need to be included. The box merely delimitsthe space where gridpoints are located, and does not cause receptor atoms tobe excludedfromthe calculation. Besides a directspecificationofcoordinates, there is an optionto center the gridat a sphere clustercenter ofmass. Anycombinationofspacing and x, y, and z extents may be used.

Contact Scoring

Contact scoring in GRID incorporates the scoring performed withthe DISTMAPprogram developed by Shoichet and Bodian. The score is a summationofthe heavy atom contacts (everyatom except hydrogen) between the ligandand receptor. Acontact is defined as an approach oftwoatoms withinsome cutoffdistance (usually4.5 Angstroms). Ifthe twoatoms approach close enough to bump(as identified withthe bump grid)then the interactioncan be penalized byan amount specifiedbythe user. The distance dependence of the contact score is represented in Figure 2.

Figure 2. Distance dependence of contact score function

Unlikethe conventionin DISTMAP, an attractivescore in GRIDis negative and a repulsivescore is positive. Thisswitchofsign was necessary to allowthe same minimizationprotocolto be used forcontact scoring as implemented for energy scoring.

Chemical Scoring

Chemicalscoringisan optionalscoringfunctionwhichisbased on energy scoring,butincorporatesempiricalconcepts ofmolecularinteraction. Itincludesthe van der Waals and electrostaticterms fromenergy scoring, but the attractive portionof the van der Waals term has been modified. The attractive portion is scaled depending on the chemical nature of the interacting atoms.

The philosophyof chemical scoring is to give some controlover scoring to the user withoutrequiring any programmingeffort. Please see the section titledChemicalScore on page 40 formore discussion.

2 3 4 5 Interatom Distance, A

0 10 20 30 40 50 60

Score Value

6-12 vdw contact Comparison with 6-12 LJ potential fromFigure 1.

Contact distance = 4.5 A Bump overlap = 0.75 Clash penalty = 50

78

Reference Manual grid

Chemical labeling of atoms

Atomsare identifiedwithparticularchemicallabels depending on theiratom type and the types ofadjacent atoms. See chem.defn on page 106 foran example ofchemicallabels and definitionrules. The filecontainingthese rules is a text fileand can be modifiedby the user. Consequently, the user can create any set of labels and definitions desired.

Scaling of interactions

The van der Waals interactionbetween two atoms is scaled based on the rules contained in a usersupplied file(see chem_score.tbl on page 108). The scaling factors providedwiththe distributedversion of dock are merely suggestions. They are not derived fromfirstprinciples,nor are they fittedto experimentaldata. They should be considered preliminaryand can be adjusted depending on the interests of the user and the considerations of a particular test system.

grid Reference Manual

79

Command-line Arguments

GRIDmay be executed ineither interactiveor batch mode, depending on whether outputis writtento a

file. In interactivemode, the user is requested onlyforparameters relevant to the particularrun and defaultvalues are provided. Thismode is recommended forthe initialconstructionofthe inputfile. In batch mode, inputparameters are read in fromthe inputfileand alloutput is writtento the output file. This mode is recommended once an input file has been generated interactively.

Interactive mode

• grid -i grid.in

When launched this way, GRIDwillextract allrelevant parameters fromgrid.in (or any filesupplied bythe user). Ifadditionalparameters are needed (orifthe grid.in fileis non-existentorempty),GRID willrequest them one at a timefromthe user. Reasonable defaultvalues are presented. Anyparameters suppliedby the user willbe automaticallyappended to the grid.in file. Ifthe user wouldliketo change any previously entered values, the user can edit in the grid.in file using a text editor.

• grid -i

GRID will behave as above, but will assume the input file to begrid.in.

• grid -s

GRIDwillruninteractively,butwillnotcheck any inputfileforparameters and willnotappend any entered

parameters to a file.

Batch mode

• grid -i grid.in -o grid.out

GRIDwillrun in batch mode, extractingall relevant parameters fromgrid.in (or any filesupplied by

the user) and willwriteout alloutputto grid.out (orany filesuppliedby the user). Ifany parameters are missing or incorrect,then execution willhalt and an appropriate error message willbe reported in

   grid.out.

• grid -i -o

GRID will behave as above, but will assume the i/o files to begrid.in and grid.out.

Table 4. GRID command-line argument summary

flag optional argument behavior

-i input_file INPUT FILE — Input parameters extracted frominput_file, or
                      grid.in if not specified

-o output_file OUTPUT FILE — Output written tooutput_file, or grid.out if

not specified

-s STANDARD INPUT — Input parameters entered interactively

-t TERSE — Reduced output level

-v VERBOSE — Increased output level

80

Reference Manual grid

Input Parameters

File Format

See Table 2. on page 55 for file format specifications.

Parameters

LikeDOCK, GRIDshould be executed ininteractivemode to construct an inputfilesince not allparameters need to be specifiedformost runs. Afterallparameters have been entered, use CTRL-Cto killthe process and resubmit it in batch mode using the same input file.

Table 5. GRID input parameters

5A: General Parameters

Parameter Type Default Description

compute_grids boolean no Flag to compute scoring grids.

grid_spacing real 0.3 The distance between grid

points along each axis.

output_molecule boolean no Flagtowriteoutthe coordinates

of the receptor into a new, cleaned-up file. Atoms are resorted toputallresidue atoms together. TerminalSYBYL cappinggroupsare merged with the terminal residues. This option can be useful to fix ligands also, so that hydrogens added by SYBYLare putwiththe proper residue.

5B: Scoring Parameters

Parameter Type Default Description

contact_score boolean no Flag to construct contact grid.

contact_cutoff_distance real 4.5 Maximum distance between

heavy atoms for the interaction to be counted as a contact.

chemical_score boolean no Flag to construct chemical grid.

energy_score boolean no Flag to perform energy scoring.

grid Reference Manual

81

energy_cutoff_distance real 10 Maximumdistance between two

atoms for their contribution to the energy score to be computed.

atom_model string u Flag for how to model of non-

polar hydrogens.

• u = United atom model.

Hydrogens attached to carbons are assigned a zero VDW well-depth and the partial charge is transferred to the carbon.

• a = All atom model.

Hydrogens attached to carbons have regular VDW well-depth and partial charge is not modified.

attractive_exponent integer 6 Exponent of attractive Lennard-

Jones term for VDW potential. See Equation 1 on page 74 for context.

repulsive_exponent integer 12 Exponent of repulsive Lennard-

Jones term for VDW potential.

distance_dielectric boolean yes Flag to make the dielectric

depend linearlyon the distance.

dielectric_factor real 4 Coefficient of the dielectric.

bump_filter boolean no Flag to screen each orientation

forclashes withreceptor priorto scoring and minimizing.

bump_overlap real 0.75 Amount of VDW overlap

allowed. If the probe atom and the receptor heavy atom approach closer than this fractionofthe sum oftheirVDW radii,then the positionisflagged as a bump.

• 0 = Complete overlap

allowed.

• 1 = No overlap allowed.

5B: Scoring Parameters (Continued)

Parameter Type Default Description

82

Reference Manual grid

Output

The output of GRID contains several types of information. Like DOCK, it outputs general information about the current joband echoes the parameters selected fromthe inputfile. Inaddition,itreports information about the receptor and the grids.

5C: File Input

Parameter Default Description

receptor_file receptor.mol2 Receptor coordinatefile.Partial

charges and atomtypes need to be present.

box_file site_box.pdb File containingshowbox output

file which specifies boundaries of grid.

vdw_definition_file $PATH/vdw.defn VDW parameter file.

chemical_definition_file $PATH/chem.defn Chemicallabel definitionfilefor

use when chemical_score set.

5D: File Output

Parameter Default Description

score_grid_prefix grid Core file name of grids (file

extension will be appended automatically).

receptor_out_file receptor_out.mol2 File for cleaned-up receptor

when output_molecule set.

grid Reference Manual

83

Receptor information

This portionof the output lists any merged cap residues. The cap residues are introduced by SYBYL. Charged residues are also listed. Ifany residues have a non-integer charge, then either the charges were not properlyloaded into the receptor input file,or some atoms are missing from the input file. These problems should be resolved before continuing with the grid calculation.

Todisplaymore informationabout parameters that GRIDassigns to the receptor, use the -v option(see Command-line Arguments on page 79).

Grid Information

Informationabout the grid geometry is reported. The total number of grid points can be adjusted by changing the inputbox dimensions or changing the gridspacing. Generallya value under 1 millionis appropriate, but this depends on system resources.

The progress ofthe calculationis reported as the percent ofproteinatoms processed. Thiscalculation usually takes up to 30 minutes depending on the grid geometry and the receptor size.

        Reading in coordinates of receptor.
        Merging AMN 163 cap residue with THR1 1 residue.
        Merging CXL 164 cap residue with ALA162 162 residue.
        CHARGED RESIDUE THR1                    :    1.000
        CHARGED RESIDUE ARG9                    :    1.000
        CHARGED RESIDUE LYS51                   :    1.000
        CHARGED RESIDUE ARG52                   :    1.000
        CHARGED RESIDUE GLU56                   :   -1.000
        CHARGED RESIDUE ARG57                   :    1.000
        CHARGED RESIDUE HIP77                   :    1.000
        CHARGED RESIDUE ASP78                   :   -1.000
        CHARGED RESIDUE LYS127                  :    1.000
        CHARGED RESIDUE ASP146                  :   -1.000
        CHARGED RESIDUE HIP153                  :    1.000
        CHARGED RESIDUE GLU156                  :   -1.000
        CHARGED RESIDUE LYS161                  :    1.000
        CHARGED RESIDUE ALA162                  :   -1.000

        Total charge on UNNAMED                 :    4.000

Reading in grid box information.
Box center of mass                      :   -1.315   36.145   21.153
Box dimensions                          :   27.525   26.519   26.686
Number of grid points per side [x y z]  :       93       90       90
Total number of grid points             :   753300

Generating scoring grids.
Percent of protein atoms processed      :        0
Percent of protein atoms processed      :       10
Percent of protein atoms processed      :       20
...etc...

84

Reference Manual sphgen

SPHGEN

Author: Irwin D. Kuntz

Modified by: Renee DesJarlais, Brian Shoichet

Overview

SPHGENgenerates sets ofoverlappingspheres todescribe the shape ofa moleculeormolecularsurface

(Kuntzet al.,1982;DesJarlais et al.,1988).Forreceptors, a negative image ofthe surface invaginations is created; fora ligand,the program creates a positiveimage ofthe entire molecule.Spheres are constructed using the molecular surface described by Richards (1977) calculated withthe program ms (Connolly,1983a, 1983b). Each sphere touches the molecularsurface at twopoints and has its radius alongthe surface normalofone ofthe points. Forthe receptor, each sphere center is “outside”the surface, and lies in the directionof a surface normalvector. For a ligand,each sphere center is “inside” the surface, and lies in the directionofa reversed surface normalvector. Spheres are calculated over the entire surface, producingapproximatelyone sphere per surface point. This very dense representationis then filteredto keep onlythe largest sphere associated witheach receptor surface atom. The filteredset is then clustered on the basis of radialoverlap between the spheres using a single linkage algorithm. This creates a negative image of the receptor surface, where each invaginationis characterized by a set ofoverlappingspheres. These sets, or “clusters,”are sorted according to numbers of constituent spheres, and writtenout in order of descending size. The largest cluster is typicallythe ligandbindingsite ofthe receptor molecule. The program showsphere writesout sphere center coordinates in PDB format and may be helpful for visualizing the clusters.

Input

The inputfilenames and parameters are read froma filecalled INSPH, whichshould not contain any blank lines:

parameter format example

msfil A80 2ptc.ms

srftp A1 R

dentag A1 X

dotlim F 0.0

radmax F 4.0

radmin F 1.4

outfl A80 2ptc.clus

msfilis the name ofthe filecontainingthe molecularsurface calculatedusingthe programMSand must include surface normals.SPHGEN expects the Fortran format

(A3, I5, X, A4, X, 2F8.3, F9.3, X, A3, 7X, 3F7.3).

Thisformatisquitedifferentfromthe QCPEmolecularsurface fileformat.Formoredetails,see the documentation forreformatms and autoMS.

surftpindicates whether the spheres should lie“outside”the surface, as fora receptor (R or r), or “inside” the surface, as for a ligand (L or l).

sphgen Reference Manual

85

dentag allowsthe user to specifythat a subset of the surface points are to be used in calculatingthe spheres. This“densitytag”may be set to the values 1, 4, 9, or 0, indicatingthat onlypoints having 1, 4, 9, or 0, respectively,incolumn42 ofthe molecularsurface filewillbe used; alternatively,the value

X or x indicates that allpointswillbe used. Itis recommended that X be used unless the system is par-

ticularlylarge (>75,000 surface points). It is most efficientto use a partial molecular surface (ifit is known in advance which region is of interest) as the calculationtime scales approximatelywiththe square of the number of points.

dotlimisused topreventthe generation oflarge spheres whose pointsofsurface contact are quiteclose together. Each pairofpointsiand jare examined as potentialsphere-definingpoints. dotlimis the lower limiton the dot product of the vector fromi to j and the vector fromthe sphere center to j forpoints defininga sphere. dotlimistypicallyset to0.0, althoughpossible values range from–1.0 to1.0;negative values, however, may be useful for flat sites such as the major groove of B-form DNA.

radmax isthe maximumsphere radius inAngstroms.Spheres withradiilargerthan radmax are discarded. Thisis importantforthe clusteringdone withinSPHGEN, where clusters are definedas sets ofoverlapping spheres. Decreasing radmax decreases the cluster sizes by eliminatinglarge “connector” spheres. Ingeneral, values from4.0 to5.0 Angstromsare used; values of0.0 orless defaultto5.0 Angstroms.

radminis the minimumsphere radius inAngstroms.Spheres withradiismallerthan radminare discarded. Thisshould be unnecessary because the molecularsurface should not produce spheres ofradius less than the probe radius. However,some versions ofMSoccasionallyplace surface pointsveryclose together. Thiscan resultinSPHGENgenerating verysmallspheres whichare notusefulincharacterizing the shape ofthe activesite. Itis generallyadvisable tokeep spheres withradiiequal tothe probe radius (typically1.4 or1.5 Angstroms). Notethat radmincan be set to0.0 toallowthe use ofthe “extraradius” surface developed by David Barry (unpublished results).

outfil is the name of the file to which the clustered spheres will be written.

Output

Some informativemessages are writtento a filecalledOUTSPH. Thisincludesthe parameters and files used inthe calculation. The spheres themselves are writtento outfil. Theyare arranged inclusters with the cluster having the largest number of spheres appearing first. The sphere cluster fileconsists of a header followed by a series of sphere clusters. The header is the line

DOCK 3.5 receptor_spheres

followedby a colortable. The colortable contains colornames (formatA30) each on a separate line. AsSPHGENproduces no colors,the colortable issimplyabsent. The sphere clusters themselves follow, each of which starts with the line

cluster n number of spheres in cluster i

where n is the cluster number forthat sphere cluster, and i is the number of spheres in that cluster. Next, all spheres in that cluster are listed in the format

(I5, 3F10.5, F8.3, I5, I2, I3)

where the values correspond to, respectively,

• The number of the atom with which surface pointi (used to generate the sphere) is associated.

• The x, y,and z coordinates of the sphere center.

• The sphere radius.

• The number of the atom with which surface pointj (second point used to generate the sphere) is associated.

• The critical cluster to which this sphere belongs.

• The sphere color. The coloris simplyan indexintothe colortable that was specifiedinthe header. So 1 corresponds to the first color in the header, 2 for the second, etc. 0 corresponds to unlabeled.

The clusters are listed in numericalorder fromlargest cluster foundto the smallest. Atthe end of the clusters is cluster number 0. Thisis not an actual sphere cluster, but a listofallofthe spheres generated whose radiiwere larger than the minimumradius, before the filteringheuristics (i.e. allowingonly 86

Reference Manual sphgen

one sphere per atom and using a maximumradius cutoff)and clustering were performed. Cluster 0 may be useful as a startingpointforusers whowant to explorea widerrange ofpossible clusters than is providedby the standard SPHGEN clusteringroutine. The program cluster takes the fullsphere descriptionas input,and allowsthe user to explore differentsphere descriptions of the site. Thisis particularlyusefulformacromoleculardocking;itisofteninefficienttouse spheres that fillthe entirevolume of the “ligand”macromolecule. In addition,onlya portionof a cavityin the “receptor”macromolecule may be ofinterest fordockingpurposes. Ifthe standard clustered outputfromSPHGENprovidesa satisfactory description of the ligand molecule or receptor site, runningcluster is not necessary.

The programcreates three temporaryfiles:temp1.ms, temp2.sph, and temp3.atc. These are used internally bySPHGEN, and are deleted upon completion of the computation.

Accessories Reference Manual

87

Accessories

ADDPRH

Author: Andrew Leach

ADDPRHis used to add hydrogens atoms to proteins. EitherPDBor AMBERatom names can be speci-

fied. Hydrogensare added in“favorable”geometries, butthisdoes nottake intoaccount intramolecular hydrogen bonding. Hydrogens are also added to waters; to add some varietyinto the orientationof these hydrogens, a random orientationabout the three euler angles is performedbefore adding the hydrogens.

AUTOMS

Author: Andy Good, Daniel Gschwend

AUTOMSis an extremelyuseful toolforsetting up forsphgen. Thisscriptconverts PDBfilesto QCPE

MSinputformat,runs a QCPE MSsurface calculation,converts the resultingsurface toUCSFMSformat withreformatms, creates a SYBYLdot fileofthe surface (ifms2dot is available),and prepares an IN-

SPH filefor running SPHGEN. The requirements are only two files: a receptor PDB file,and an ex-
clude.pdb file. The exclude.pdb fileis a subset of the receptor and contains the residues which

should not be surfaced in the MS calculation. Thisfilecan be created in several ways. The easiest, if

SYBYLis available,is to select allresidues in the receptor withinsome radius ofa knownligand,invert

the selection, and writeout the fileinBrookhavenformatas exclude.pdb. One alternativethat does not require SYBYLis to use get_near_res to locate allreceptor atoms or residues withina specifiedradius of a known ligand and invert the resulting pdb file usinginvertPDB.

Usage: autoMS receptor_PDB_file [surface_density] [probe_radius]

where surface_density and probe_radius are optional,defaultingto 3.0 dots/Å2 and 1.4Å, respectively. Note: before using the firsttime,the directoryspecificationforthe DOCKhierarchymust be updated inside the AUTOMS script.

CHARGE

Author: Daniel Gschwend

CHARGEis a simple NAWKscriptwhichprovides residue compositionfora protein,includingnumber of

charged residues and totalcharge. grid’soutput should agree withthe value generated fromthis program.

Usage: charge pdbfile

CHEMPROP

Author: Renee DesJarlais

88

Reference Manual Accessories

Overview

The interactiveprogram CHEMPROPis designed to aid the user inexaminingthe properties ofa receptor inthe vicinityofa smallmoleculethat has been oriented using DOCK. The program takes as inputa receptor coordinatefile,a filecontainingthe coordinates ofone or more ligands,and several parameters, described below,depending on the optionchosen. There are twooptions: electrostatics and hydrogen bonding.

Inthe electrostaticoption,the electrostaticpotentialfromthe receptor is calculated at each ligandmolecule atom center. The electrostatic potential at the positionof ligand atom j, ej, is calculated using equation 1, where qi is the partialcharge on the receptor atom i, D is the dielectricconstant, and rijis the distance between atoms iand j:

Equation 11

Onlythe receptor atoms contributetothe valueofthe electrostaticpotential. The partialatomiccharges used are those fromthe AMBERunited-atomforcefield(Weiner,et al., 1984). Onlystandard aminoacid residues can be accommodated by this program. The receptor filemust includethe hydrogen atoms attached to nitrogens, hydroxyloxygens, and sulfurs,and the lone pairs on the sulfurs. Anew PDB-for-mat coordinate fileis writtenout forthe ligandmolecules, where the electrostatic potentialis printedin the temperature factorcolumn. The moleculescan then be displayedusing a moleculargraphics package and colored according to electrostatic potential.

The hydrogen bond optionhelps the user identifyplaces on the ligands where itmightbe appropriate to design in a group capable of hydrogen bondingto the receptor. Potential hydrogen bond positions are identifiedas any ligandatom withina user-specifieddistance ofa receptor nitrogenoroxygenatom. Thisoptionwas intended mainlyforuse withligandheavy atom (nonhydrogen)coordinates only. Two filesare output:a coordinate file,and a filelistingthe potentialhydrogen bonds foreach ligandin the inputfile. Inthe coordinatefile,each potentialhydrogenbond is writtenin PDB formatas a residue with twoatoms. One atom is located at the receptor nitrogenoroxygenand the other is located at the ligand atom. The residues are separated by TER cards. The residue and atom names depend on the protein atom. The residue is named ACC ifthe proteinatom is a carbonyloxygen,DNR ifthe proteinatom is an amide or amine nitrogen,and doa ifthe proteinatom is a hydroxyloxygen or a histidineside chain nitrogen. The receptor and ligandatoms in an ACC residue are named A and D, respectively;in a DNR residue theyare named D and A, respectively;and ina DOA residue theyare named E1 and E2, respectively.Viewingthese possible hydrogenbonds withthe receptor and ligandisusefulfordesign purposes and assessing whether the angles are consistent with strong hydrogen bonding.

Usage

The inputfilenames and parameters can be entered interactively.Interactiveuse is reasonable when fewerthan about 30 ligands are to be examined. The user is prompted forthe names of the receptor and ligandfilesand the type ofcalculation(electrostaticpotentialor hydrogen bond). Ifan electrostatic potentialcalculationis being performed,the user must select a constant or distance-dependent dielectric,a cutoffdistance, and a name forthe outputfile.Ifa hydrogenbond calculationis being performed, the user must enter a cutoffdistance forhydrogen bonds and names forthe output files.Finally,after performingone calculation,the user is given the optionof performinganother withoutexitingfromthe program.

CLUSTER

Authors: Brian Shoichet, Irwin D. Kuntz

e_j q_i Dr_{ij}

----------

i 1= lig ∑^=

Accessories Reference Manual

89

Overview

CLUSTERallowsgreater flexibilityincreating a sphere descriptionofa site or molecule. Itis particularly

useful inmacromoleculardocking,and ingeneral, when the originalcluster filefrom sphgen does not adequately describe the site or molecule of interest.

The CLUSTERprogram is a more elaborate version of the cluster subroutine in SPHGEN (Kuntzet al., 1982). Asingle-linkageclusteringalgorithmis applied, based on the radialoverlap between spheres. UnlikeSPHGEN, CLUSTERdoes not heuristicallyremove spheres; itcan operate on the totalset ofpossiblespheres rather than justthe largest sphere per surface atom. Thiscompletedescriptionis contained in the cluster 0 fromSPHGEN. User-defined criteriacontrolthe clusteringprocess; clusters can be tailoredto a certain size (numberofspheres), a certain range ofsphere radii,or a certain regionofspace. The program allows one to try different clustering parameters without rerunningSPHGEN.

Input

The program can be run either interactivelyor froma command file.The followingis an explanationof a sample command file. These command files should not contain any blank lines.

parameter format example

clufil A80 2ptc.all

nclus I 1

maxrad F 5.0

m2xrad F 5.0

povlap F 10.0

clusiz I 60

minsiz I 20

minflg I 1

outfil A80 2ptc.all.rcl

yn A1 y

(ifyn is y or Y):

minrad F 1.3

rincr F 0.2

nearnb F 0.5

nearad F 0.25

clufil is the file containing the input spheres fromSPHGEN.

nclus is the number ofthe cluster to recluster (there is generallymore than one inthe originalSPHGEN cluster file).When the fullset ofspheres is being used, there is onlyone “cluster”and nclus should be set to 0.

maxrad is the primarymaximumsphere radius forclustering,inAngstroms.Onlyspheres withradiiless than or equal to maxrad can be used as linkersbetween groups ofspheres, makingthem intoa single larger cluster. Values from2.5 to 5.0 Angstromsare generally most useful. maxrad also defines the end point for analytical clustering (see below); it is the final value ofrcut.

m2xrad is the secondary maximumsphere radius for clustering, in Angstroms. This variable allows spheres withradiilarger than maxrad to be includedinclusters, but does not allowthem to act as linkers. m2xradmust be equal to or greater than maxrad; smallervalues defaultto maxrad. Allspheres exceeding the m2xradcriterionwillbe discarded. m2xradistypicallyset tomaxrad foranalyticalclustering and 5.0 Angstroms otherwise.

povlapis the percent radialoverlap between twospheres necessary to define a pair. Ifthis variableis set to 0.0, spheres willbe defined as overlappingwhen they intersect to any degree. The larger the 90

Reference Manual Accessories

value ofpovlap, the greater the overlapnecessary to definethe spheres as a pairforcluster purposes. Typical values range from 0.0 to 20.0.

clusizis the maximumnumber ofspheres allowedto be ina cluster. Growthofa cluster is frozenwhen this limitis reached; spheres that wouldotherwise be added are discarded. Limitingthe cluster size leads todecreased coalescence and thereforegreater numbers ofclusters. Valuesof50 to75 are suggested.

minsizis the minimumnumber ofspheres a cluster must have to be includedinthe output.minsizmust be less than clusiz; values of 20 to 30 are suggested.

minflgisthe minimumnumberofflaggedspheres a clustermust have tobe includedinthe output. Flaggingis done by placingany non-blankcharacters followingthe informationforthe sphere(s) ofinterest inclufil. The flagging feature is no longer supported.

ynindicateswhetheranalyticalclusteringwillbe done. Analyticalclusteringrefers toiterativelyincreasingthe value ofthe primarymaximumsphere radius. Itis especiallyusefulwhen the inputsphere set is large(>1000,as whenthe fullsphere descriptionisbeingused). Ifynequals N orn, analyticalclustering willnot be done, and no furtherinputis read. Analyticalclusteringreplaces maxrad withthe variable rcut, whichincreases fromminradto maxrad instep sizes ofrincr. Each value ofrcutcorresponds to a cycleofclustering. Inthis way,the user can quicklydetermine whichparameters willyielda cluster of the desired size. For a set of1000 spheres, a typicalanalyticalrun withaveraging takes about 20 seconds on a SiliconGraphics Iris 4D/25 workstation. Most of the CPU time is spent in averaging the spheres; for this reason, run time scales approximately with the square of the number of spheres.

minrad is the starting value forrcut in analytical clustering.

rincr is the incremental increase inrcut per iteration in analytical clustering.

nearnb is the maximumdistance between the centers ofspheres that may be averaged intoa composite sphere, foranalyticalclustering.Thisvariableis used to simplifyverylarge sets ofspheres. When clusters are writtenout, onlythe sphere closest to the composite willbe included. Avalue of0.5 Angstroms is reasonable for sets of approximately 1000 spheres.

nearad is the maximumdifferenceinmagnitudebetween the radiiofspheres that maybe averaged into a composite sphere, foranalyticalclustering.Avalue of 0.25 Angstromsis reasonable forsets of approximately 1000 spheres.

Output

For analyticalclustering,the output sphere cluster fileconsists ofseveral sphere cluster filesconcatenated together. Each group begins withits own header (dock 3.5 receptor_spheres, etc.). The user must hand-edit this file to select the best group of clusters.

COLSPH

Author: Mike Connolly

COLSPHreads and writesa sphere cluster file,adding a color(label)table and sphere labels. The color

isdeterminedbyevaluatingeithera Delphimap ora force-fieldgridat the sphere center, and comparing that value to the ranges specifiedina user-defined range file, whichdefines ranges fora series ofcolors. The program prompts for the information it needs:

• scoring map type (2 = Delphi, 3 = force-field)

• the Delphi map file name or the force-field grid prefix

• range file name

• input sphere cluster file name

• output sphere cluster file name

The range file is the only one that needs explanation. Its format is as follows:

color_name range_min range_max

Accessories Reference Manual

91

The spacing between the values does not matter. The color_name can be up to 30 characters in length. The range_min and range_max must be real numbers, and specifythe lowerand upper ends of the range respectively. There may be up to 100 colors and 200 range statements.

CONDENSE

Author: Daniel Gschwend

CONDENSEtakes as inputa residue listgenerated byget_near_res and compacts itintoa formatsuitable

foran MS-i file(forthe UCSFversionofMS-forthe QCPE MSversion,see autoMS). Thisfunctionality comes in handy when attemptingto generate an MS surface fora portionof a receptor. The program get_near_res can be used to obtaina listingofallreceptor atoms withina specifieddistance ofa small molecule,e.g. a crystallographicallyobserved ligand. CONDENSEwillthen reformatand compactthe listingto less than 100 entries forcompatibilitywithUCSF MS. Thisprogram supports command-lineop-eration: typecondense -h for details.

CONECT

Author: Elaine Meng

CONECTis an interactiveprogramthat appends CONECTrecords to a PDBfilecontainingthe coordinates

ofa singlemolecule.The user is promptedforthe names ofthe inputand outputfiles.The presence of a bond is determined as follows: twoatoms are bonded ifthe distance between them is less than or equal to the sum of their covalent bond radii plus a tolerance of 0.4 Angstroms.

CONVSYB

Author: Elaine Meng

The interactiveprogram CONVSYBconverts SYBYLMOL2formatfilesinto a number of other formats useful for DOCKand some of the accessory programs. Outputoptions include“extendedPDB format,”

DOCK3.0 database format,and standard PDB format. CONVSYBassumes that each @<TRIPOS>MOLE- CULE record type indicatorcorresponds to a single covalentlybonded structure, and uses the first9

characters ofthe linefollowingthisrecord as the refcode forthe structure. Multi-MOL2 filesare handled correctly.

FDAT2PDB

Author: Daniel Gschwend

Converts a CambridgeCrystallographicDatabase FDATfile(as froma search withQUEST) to PDBformat. Multiple structures in the same FDAT file are handled correctly.

Usage: fdat2pdb cambridge_prefix (an inputfilecalledcambridge_prefix.fdat isexpected, and output file calledcambridge_prefix.pdb will be created).

GET_NEAR_RES

Author: Daniel Gschwend

Given a ligand PDB file and a receptor PDB file, performs either of two functions:

• Writesa PDBfilecontainingallatoms ofallresidues inthe receptor whichhave theirCα atoms within a specifieddistance ofthe ligand. Alistfileis also writtenwhichgivesthe closest Cα-to-liganddistance 92

Reference Manual Accessories

for each residue written.

• Writes a PDBfile containing all atoms of all residues in the receptor which haveany atom within a specifieddistance ofthe ligand. Alistfileisalso writtenwhichgivesthe closest receptor-liganddistance for each residue written.

The listfileoutputmay be converted to an UCSF MS-i filewiththe condense program. Thisutilitycan also be used withthe autoMS program using QCPE MS surfaces: to generate an exclude.pdb file fromGET_NEAR_RES output, see invertPDB.

HBDATA

Author: Andy Good

This program automaticallyruns Goodford’sgrid program (version 11.01, distributed independently; Goodford,1985) fora varietyofprobes, creating SYBYLcontour filesand filescontainingcenters offavorable interactionenergy forsphgen filecreation. Italso runs GRINand willstop ifGRINencounters a problemwiththe PDB file. The program requires an inputfilecalled HBIN whichshould followthis example:

3dfr name of parent protein (PDB file name - used for file naming)

/bert/grid11.01 root directory for GRID

-12.0 minimumx coordinate

26.0 minimumy coordinate

4.0 minimumz coordinate

9.0 maximumx coordinate

48.0 maximumy coordinate

33.0 maximumz coordinate

1.0 grid density - # of planes per Angstrom ofGRIDmap

-7.0 highest permitted interaction energy included in site point creation

1.0 exclusionsphere toremove locallowenergy pts. near each localminimum

2 # of probes in probe list that will be used - first two areN3+, O::

Notes foruse in conjunctionwithmol2sph: The GRIDenergy of each pointis assigned to the charge fieldforreference purposes and atom types are set to dummy. Bothofthese fieldsmust be corrected, the SPHGEN fileconverted into PDB format using showsphere, the resulting atom types modifiedand combined withinSYBYLbefore they can be writtento MOL2formatin preparation formol2sph conversion.

IDTOSYB

Author: Elaine Meng

Thisprogram is designed to be used incombinationwithSYBYLto convert PDB filesintoSYBYLMOL2 formatfiles. Donot use itby itself. The generated MOL2 filesare incomplete. Firstrun IDTOSYBon the PDB file,then read the generated MOL2 fileintoSYBYLto verifythe atom types, add hydrogens, and assign partialcharges. SYBYLdoes a less than satisfactoryjobofassigning atom types and bonds when reading insmallmoleculePDB files. IDTOSYBuses bond lengthdata fromthe CambridgeStructuralDatabase to assign atom types ina farsuperiorfashion,althoughstillnot perfect. Hydrogensneed not be present in the input, and multiple ligands in the same file are processed if separated byTER cards.

Usage: see pdb2syb, a front-end toIDTOSYB.

Accessories Reference Manual

93

INVERTPDB

Author: Daniel Gschwend

Ashell scriptto extract allatoms ina larger PDB filewhichare not ina smaller PDB file,where the latter is a subset ofthe former. For example, after acquiringa PDB fileofallproteinatoms or residues within a specifiedradius ofa knownligandwithget_near_res, the inverse atoms (i.e. those faraway fromthe ligand) may be selected to generate an exclude.pdb file for use withpdb2ms or autoMS.

Usage: invertPDB larger_PDB_file smaller_PDB_file > inverted_PDB_file

MOL2SPH

Author: Andy Good

Takes SYBYLMOL2formatfilesand converts them intosphgen formatfiles,allowingautomaticcoloring of the receptor. Currently,N.3 atoms are classed as H-bonddonors, O.3 as H-bondacceptors, and S.3 as hydrophobes, butthese colorsettingcan be changed touser preferences bysimplyhacking the file. The charge value can also be used to assign criticalclusters, withthe criticalcluster number equal to the truncated value of the charge.

MS2DOT

Author: Andy Good

MS2DOT converts UCSF MS surface filesinto SYBYLdot files. This allowsvisualizationin SYBYLof the surface created foruse withsphgen. Note: thisprogramis not installedbydefault,as itrequires SYBYL programminglibrariesforcompilation. To installthis program you must explicitlycompileitwithmake

ms2dot in the accessories source directory,provided you have SYBYLlibraries installed. Please

read the Makefile in the accessories directory for further details.

OLDSCORE

Author: Elaine Meng

OLDSCORE is an interactiveprogramthat allowsscoringofDOCKoutputaccordingtothe “old,”exponen-

tialalgorithm(as inversion1.1; DesJarlais et al., 1988). The user is interactivelyasked forthe names ofthe receptor file,the ligandfile,and a fileforoutput,plusthe values ofconcut, dmin, and discut. There maybe manyligandsinthe ligandfile,as longas each ends witha TERcard. Badcontacts are counted. There are slightdifferences in the scores directlyfromDOCK1.1 and the scores reported by this program, because the coordinates ofligandorientationsare rounded to three decimalplaces when written out.

PDB2MS

Author: Andy Good

Thisprogramis used to create inputfilesforQCPE MS fromstandard PDBfiles. The receptor filemust be called fort.1; the residues ofthe receptor whichshould be includedinthe surface calculationbut not have a surface drawn should be placed in a filecalled fort.2; output is writtento fort.3. This program is part of the automated process ofautoMS.

94

Reference Manual Accessories

PDB2SYB

Author: Daniel Gschwend

This program is a front-endto idtosyb. Please read the descriptionof IDTOSYBbefore using this program.

Usage: pdb2syb PDB_file

Note: before using the first time, update the pathnames inside the script for location ofIDTOSYB.

PDBRENUM

Author: Daniel Gschwend

PDBRENUMis a versatile residue and atom renumberingutility. Itprovides many features withrespect

to where to start numbering,howto treat separate molecules, and also supports individualtreatment of water molecules, includingtheir separation by TER cards for easier visualization. PDBRENUMalso attempts to update CONECTrecords when atoms are renumbered. Thisprogramsupports command-line operation: typepdbrenum -h for details.

PDBTOSPH

Author: Elaine Meng

PDBTOSPHmakes a sphere cluster fileout ofthe non-hydrogenATOMrecords (not HETATM) ina PDB file.

PTRENTRY

Author: Todd Ewing

PTRENTRYis a self-runningnawkscriptwhichextracts selected moleculeentries froma PTR formatfile

and displays the data foreach molecule in a readable format. Asingle molecule,or a range of molecules, may be selected.

• To extract the first molecule, type: ptrentry file.ptr 1

• To extract the first 10 molecules, type: ptrentry file.ptr 1 10

PTRFIELD

Author: Todd Ewing

PTRFIELDis a self-runningnawkscriptwhichextracts selected fieldsfroma PTR formatfile. Itis useful

to shufflethe fieldorder in a fileto make sortingsortingeasy. Thiswouldbe accomplished as follows:

• ptrfield file.ptr NRG FILE FPOS END | sort +1n > file_sort.ptr

QCPE_MS

Author: Mike Connolly

sphgen requires that a molecularsurface be calculated and that itbe converted to the UCSF MS format using reformatms. QCPE_MS is distributed only as a tool for the autoMS script. You should contact QCPE directlyforobtainingthe complete software package for MS (#429) - see Sources on page 112 for contact information.

Accessories Reference Manual

95

REFORMATMS

Author: Renee DesJarlais

REFORMATMSconverts an MSfileofQCPE formatto an MSfileofthe formatread bysphgen. REFORMAT-

MS requires a BrookhavenProteinData Bankcoordinate fileas wellas the QCPE MS fileas input. The program is interactive.

The QCPE MS filemust be inthe longformat: The Fortran formatforthis fileand the informationcontained in it are listed below:

(3I5, I2, 3F9.3, 4F7.3, I2)

n1, n2, n3, shape, x, y, z, area, xn, yn, zn, buried

n1 atom number of atom that surface point is on or closest to

n2 other atom that probe touches (0 for convex)

n3 third atom that probe touches,n3>n2 (0 for convex and saddle)

shape 1: convex, 2: saddle, 3: concave

x, y, z coordinates of surface point

area solvent-accessible area

xn, yn, zn components of the unit vector normal

buried 0: exposed, 1: buried, blank: not determined

The lines must be sorted by n1.

The MSformat thatSPHGEN reads and the information that it contains are listed below:

(A3, I5, 2X, A3, 3(F8.3, X), X, A3, 4F7.3)

resnm, nres, atnm, x, y, z, srftag, area, xn, yn, zn

resnm residue name of the closest atom, or the atom itself (ifsrftag = A)

nres residue number of the closest atom, or the atom itself (ifsrftag = A)

atnm name of the closest atom, or the atom itself (ifsrftag = A)

x, y, z coordinates of the point or atom

srftag A: atom, SR0: reentrant point,SS0: saddle point,SC0: convex point

area solvent-accessible area (blank ifsrftag = A)

xn, yn, zn components of the unit vector normal (blank ifsrftag = A)

RMSD

Author: Daniel Gschwend

Calculates root mean squared deviationinAngstromsper atom fortwo PDB files. Treatment ofhydrogens is optional. Also,one may compare twofilesside by side, or use the firstmoleculeinthe firstfile 96

Reference Manual Accessories

as a reference forall molecules in the second file. Allatoms must be in identicalorder and have the same atom names forboth inputfiles. Thisprogram supports command-lineoperation: type rmsd -

h for details.

SDF2MOL2 &SYBDB

Author: Daniel Gschwend

Asan interfaceto the commonlyused databases fromMolecularDesign Limited,we are providingtwo conversion schemes to convert SD files (such as fromISIS) toSYBYL MOL2 format files.

The conversionscheme described here was developed to be easy to use and accurate inits atom-typ-ing and partialcharge computation. Althoughstillan area of active development, ithas to date been tested visually on several thousand compounds.

This scheme consists of two programs run sequentially, SDF2MOL2 is writtenin Fortran and SYBDBin

SYBYL'sprogramminglanguage, SPL. Taken together, one can convert an MDLSDF-formatdatabase

intoa SYBYLMOL2formatdatabase whichhas appropriate SYBYLatom types assigned, hydrogens added, and partialcharges computed. Tofindoutmore about the conversionprocess, includinghowtouse it,please consultthe 00README fileinthe directory./source/database/sdf2mol2 under the DOCK root.

Note: The second phase conversion requires SYBYLfor hydrogen additionand charge computation. The formerprogram, SDF2MOL2, may stillbe ofsome use to users whodo not have SYBYLbut have molecularmodelingpackages than can read MOL2format(e.g. INSIGHT). Hydrogenaddition,substructure removal, and charge computation must then be performed withinthe context of your own modeling package.

SHOWBOX

Author: Elaine Meng

SHOWBOXis an interactiveprogramthat allowsvisualizationofthe locationand size ofthe gridsthat will

be calculated bythe programgrid, using any graphics programthat can displayPDBformat.The user is asked whether the boxshould be automaticallyconstructed to enclose allofthe spheres ina cluster. If so, the user must also enter a value forhowcloselythe boxfaces may approach a sphere center (how large a “cushion”of space is desired) and the sphere cluster filenameand number. Ifnot, the user is asked whether the box willbe centered on manuallyentered coordinates or a sphere cluster center of mass. Depending on the response, the coordinates of the center or the sphere cluster filenameand number are requested. Finally,the user must enter the desired box dimensions (ifnot automatic)and a name for the output PDB-format box file.

SHOWSPHERE

Authors: Stuart Oatley, Elaine Meng, Daniel Gschwend

SHOWSPHEREis an interactiveprogram;itproduces a PDB-formatfileofsphere centers and an MS-like

fileofsphere surfaces, giventhe sphere cluster fileand cluster number. The surface fileis not inQCPE MSformat(see the documentationon reformatmson page 95 forfurtherdetails);generation is optional. The user may specify one cluster or “all,”and multipleoutput fileswillbe generated, withthe cluster number appended to the end of the name of each file.The inputcluster fileis created using sphgen.

SHOWSPHERE requests the name of the sphere cluster file,the number of the cluster of interest, and

names forthe output files.Informationis sent to the screen whilethe spheres are being read in, and while the surface points are being calculated.

Accessories Reference Manual

97

SPLITMOL

Author: Daniel Gschwend

Afull-featuredstructure filesplittingutilitywhichaccepts either PDBor SYBYLMOL2 formatfiles. Arange of molecules can be extracted fromthe input,and a user-specifiable number of molecules is put into each file created. This program supports command-line operation: typesplitmol -h for details.

98

Reference Manual Accessories

Molecule File Formats Reference Manual

99

Molecule File Formats

Dock programs read and write in several coordinate formats.

• SYBYL MOL2 format

• PDB format

• PTR format

• SPH format

SYBYL MOL2 format

Thisformatis used forgeneral moleculeinputand outputofDOCK. Althoughpreviousversions ofDOCK supported an extended PDBformatto store moleculeinformation,the current versionnowuses MOL2 as the primarymoleculeformat. Thisformathas the advantage ofstoringallthe necessary information foratom features, position,and connectivity. Itis also a standardized formatthat other modelingprograms can read.

Specification

Please refer to sybyl documentation for format specifications.

Ofthe many record types in a MOL2file,DOCKrecognizes the following:MOLECULE,ATOM,BOND, SUBSTRUCTUREand SET. Inthe MOLECULErecord, DOCKutilizesinformationabout the molecule name and number ofatoms, bonds, substructures and sets. Inthe ATOMrecord DOCKutilizesinformationabout the atom names, types, coordinates, and partialcharges. Inthe BONDrecord, DOCKutilizes the atom identifiersforthe bond. Inthe SUBSTRUCTURErecord, DOCKrecords the fields,butdoes not utilizethem. The SET records are entirelyoptional. They are used onlyinspecial circumstances, like when ligand flexibility is considered..

Example

Thisexample fileillustratesallthe elements ofthe MOL2fileread and writtenby dock. Itincludes optional SET records which are used by theligand flexibility routines.

@<TRIPOS>MOLECULE
Histidine
   20    20     1     0     2
SMALL
GASTEIGER
****
Histidine with Main Chain as Rigid Anchor

100

Reference Manual Molecule File Formats

@<TRIPOS>ATOM
     1 N1 -1.0947 0.5371 1.7186 N.4 1 <1> 0.2252
     2 C2 -0.9885 0.9170 0.2765 C.3 1 <1> 0.0213
     3 C3 -0.2043 -0.1565 -0.4766 C.3 1 <1> 0.0354
     4 C4 -2.3725 1.0376 -0.3154 C.2 1 <1> 0.0897
     5 O5 -2.7546 2.1336 -0.8057 O.co2 1 <1> -0.5442
     6 C6 1.1797 -0.2771 0.1153 C.2 1 <1> 0.0328
     7 N7 2.2791 0.4215 -0.2757 N.pl3 1 <1> -0.3074
     8 C8 1.5387 -1.0911 1.1173 C.2 1 <1> 0.0462
     9 C9 3.3256 0.0285 0.4990 C.2 1 <1> 0.0853
    10 N10 2.9039 -0.8872 1.3511 N.2 1 <1> -0.2465
    11 H11 -1.6259 1.2643 2.2287 H 1 <1> 0.2001
    12 O12 -3.1452 0.0423 -0.3188 O.co2 1 <1> -0.5442
    13 H13 -0.1461 0.4545 2.1242 H 1 <1> 0.2001
    14 H14 -0.4726 1.8710 0.1898 H 1 <1> 0.0918
    15 H15 -0.7202 -1.1105 -0.3899 H 1 <1> 0.0385
    16 H16 -0.1270 0.1200 -1.5261 H 1 <1> 0.0385
    17 H17 2.3126 1.1114 -1.0125 H 1 <1> 0.1528
    18 H18 0.8943 -1.7774 1.6466 H 1 <1> 0.0845
    19 H19 4.3357 0.4040 0.4286 H 1 <1> 0.1000
    20 H20 -1.5855 -0.3703 1.8010 H 1 <1> 0.2001

@<TRIPOS>BOND
     1    1    2 1
     2    2    3 1
     3    2    4 1
     4    3    6 1
     5    4    5 ar
     6    6    7 1
     7    6    8 2
     8    7    9 1
     9    8   10 1
    10    9   10 2
    11    1   11 1
    12    4   12 ar
    13    1   13 1
    14    2   14 1
    15    3   15 1
    16    3   16 1
    17    7   17 1
    18    8   18 1
    19    9   19 1
    20    1   20 1

@<TRIPOS>SUBSTRUCTURE
     1 ****        1 TEMP              0 ****  ****    0 ROOT

@<TRIPOS>SET
ANCHOR          STATIC     ATOMS    <user>   **** Anchor Atom Set
1 2
RIGID           STATIC     BONDS    <user>   **** Rigid Bond Set
2 1 3

Molecule File Formats Reference Manual

101

PDB format

Thisformatshould be used onlyfordisplaypurposes. Since itdoes not containfieldsforatom types or partialcharges, vitalinformationwillbe lost ifdock outputis routinelystored inthis format. Itis recommended that alldock output be stored in either SYBYLMOL2formator PTR format. Ifyou site does not have access to a method to viewMOL2format,justconvertfilesto PDBwhen vewingis necessary. See Molecule File Conversion on page 54 for instructions.

PTR format

Specification

PTR (or pointer)formatis a compact representation formolecules whichdoes not actuallycontain coordinates. Instead, itcontains the transformationsto the coordinates and "points"back to a source file where the untransformed coordinates reside.

Allinformationabout a moleculeis packed intoone line. Each itemofdata is identifiedbya fieldname. Some fieldsare required, likethe moleculesource information. Some are optional,likethe coordinate transformationinformation. Allothers are considered comments and are ignored, likethe molecule name and score information.

Table 6. PTR Format Data Fields

6A: Required PTR Fields

These fields must be present in every PTR record.

Field Type Description

<FILE> String Directorypath and name offilewhichcontains molecule.

<FPOS> Integer Byte position in file of molecule.

<END> End of record flag.

6B: Optional PTR Fields 1 of 2

Ifthese fieldsare present, they willbe read and used to update the molecule. The transformation fields will modify the position or conformation of the molecule.

Field Type Description

<TRANS> Real[3] XYZ translation vector in Angstroms.

<ROT> Real[3] Quaternion rotation vector (unitless, range 0-1).

<TORS> Integer Number of rotatable torsions.

<REFL> Integer Flag for chiral reflection (0 or 1).

102

Reference Manual Molecule File Formats

<T1>,<T2>, ... Integer,
                Real

Bond identifier and torsion angle.

<KEY>^c Integer Number of chemical keys.

<KFOLD>^c Integer Flag for folded chemical keys.

<KI1>,<KI2>,
...^c

                Integer Chemical key label and distance fingerprint

c. This field is only read during a chemical screening run.

6C: Comment PTR Fields

These fields are generated for output only. They are completely ignored during input.

Field Type Description

<ID> Integer Line position in ptr file.

<SRC_ID> Integer Line position in input ptr file.

<NAME> String Molecule name.

<DESCR> String Molecule description.

<BMP> Integer Number of bumps.

<CNT> Real Contact score.

<CHM> Real Chemical score.

<NRG> Real Total energy score.

<INTRA> Real Intramolecular component of score.

<INTER> Real Intermolecular component of score.

<VDW> Real VDW component of score.

<ELE> Real Electrostatic component of score.

<RMSD> Real RMS deviation of current orientation from input.

6B: Optional PTR Fields 2 of 2

Ifthese fieldsare present, they willbe read and used to update the molecule. The transformation fields will modify the position or conformation of the molecule.

Field Type Description

Molecule File Formats Reference Manual

103

Example

Database Entry

Flexible Docking Output

Chemical Screen Database Entry

Usage

Check out the ptrentry and ptrfield utilities to help manipulate PTR files.

The <FILE>fieldcan contain the relativepath or absolute path of a filename. Ifyou use the absolute path, then the ptrfilecan be used inany otherdirectory. Otherwise,the ptrfileisonlyusefulinthe idrectory in which it was originally made.

SPH format

Please refer to sphgen on page 84 for a description of the file format.

<ID> 10 <NAME> CAMYLOFIN_C00000105 <DESCR> **** <FILE> /marco/db/
mol2.95.1/cmc/cmc.2.mol2 <FPOS> 46204 <END>

<ID> 5 <SRCID> 5 <NAME> DANAZOL_C00002993 <DESCR> **** <FILE> db/
db3.mol2 <FPOS> 14144 <TRANS> 5.00991 29.9234 16.2096 <ROT> 0.270641
1.05337 0.0158567 <TORS> 2 <TANCHOR> 1 <T1> 20 153.624 <T2> 21 -28.0673
<REFL> 0 <BMP> 2 <NRG> -32.43 <INTRA> -0.48 <INTER> -31.95 <VDW> -32.53
<ELECTRO> 0.09 <RMSD> 34.95 <END>

<ID> 1 <NAME> DAZOQUINAST_C00005118 <DESCR> **** <FILE> /marco/db/
mol2.95.1/cmc/cmc.1.mol2 <FPOS> 9689688 <KEY> 5 <KFOLD> 1 <KI1> 0 <KJ1>
10 2d7 <KJ2> 35 3fff <KJ3> 0 0 <KJ4> 20 f65 <KJ5> 0 0 <KI2> 1 <KJ2> 21
fd <KJ3> 0 0 <KJ4> 28 ab7e <KJ5> 0 0 <KI3> 2 <KJ3> 0 0 <KJ4> 0 0 <KJ5>
0 0 <KI4> 3 <KJ4> 6 c1a <KJ5> 0 0 <KI5> 4 <KJ5> 0 0 <END>

104

Reference Manual Parameter Files

Parameter Files

Introduction

The parameter files contain atom and bond data needed during DOCK calculations. The definition (*.defn)files contain atom and bond labeling data. The table (*.tbl)files contain additionaldata for chemical interactions and flexible bond torsion positions. They may be edited by the user.

Atom definition rules

The definitionfilesuse a consistent atom labelingconventionforwhichan atom invirtuallyany chemical environmentcan be identified. The specificationofadjacent atoms is nested using the elements listed inTable 7. Some sample definitions are provided inTable 8.

• Each element must be separated by a space.

• Ifmore than one adjacent atom is specified,then ALLmust be present (i.e.a boolean ANDforrules within a line).

• Ifa label can have multipledefinitionlines, then any ONEof them must be satisfied forinclusion (i.e. a boolean OR for rules on different lines).

Table 7. Atom definition elements

Table 8. Example definitions

element function

atom type Specifies partial or complete atom type. A partial specification is more general (i.e. "C" versus "C.3"). An asterisk (*) specifies ANY atom type.

( ) Specifies atoms that must be bonded to parent atom.

[ ] Specifies atoms that must NOTbe bonded to parent atom.

integer Specifies the number of an atom that must be bonded.

example explanation

C.2 ( 2 O.co2 ) A carboxylate carbon.

.3 [ 3 H ] Any sp^3 hybridized atom that is not attached to

three hydrogens.

C. [ O. ] [ N. [ 2 O.2 ] [ 2 C. ] ] Any carbon not attached to an oxygen or a

nitrogen(unless the nitrogenis a nitroor tertiary nitrogen).

Parameter Files Reference Manual

105

vdw.defn

This file contains atom labels and definitions for van der Waals atom typing.

• The followingdata types are associated witheach atom: VDWradius, VDWwell-depth,flag for heavy atom, number of attached atoms.

• Some labels are used onlyforthe united-atommodel,some foronlythe all-atommodel,and some for either.

• A label may have multiple definitions.

For an explanation of thedefinition field, see Atom definition rules on page 104.

Table 9. Sample entries from vdw.defn

name            Carbon_sp/sp2
atom_model      either
radius          1.850
well_depth      0.120
heavy_flag      1
valence         4

definition      C
_____________________________________
name            Carbon_All_sp3
atom_model      all
radius          1.800
well_depth      0.060
heavy_flag      1
valence         4

definition      C.3
_____________________________________
name            Carbon_United_CH3
atom_model      united
radius          2.000
well_depth      0.150
heavy_flag      1
valence         4

definition      C. ( 3 H )

106

Reference Manual Parameter Files

chem.defn

This file contains labels and definitions for chemical labeling.

• Nothing in addition to a label is assigned to an atom.

• A label may have multiple definition lines.

For an explanation of thedefinition field, see Atom definition rules on page 104.

Table 10. Entries from chem.defn

name            hydrophobic

definition C. [ O. ] [ N. [ 2 O.2 ] [ 2 C. ] ] ( * )
definition      N.pl3 ( 3 C. )
definition      Cl ( C. )
definition      Br ( C. )
definition      I ( C. )
definition      C.3 [ * ]
________________________________________________________
name            donor

definition      N. ( H )
definition      N.4 [ * ]
________________________________________________________
name            acceptor

definition      O. [ H ] [ N. ] ( * )
definition      O.3 ( 1 * ) [ N. ]
definition      O.co2 ( C.2 ( O.co2 ) )
definition      N. [ H ] [ N. ] [ O. ] [ 3 . ] ( * )
definition      O.2 [ * ]
________________________________________________________
name            polar

definition      O.3 ( H )
definition      F [ * ]

Parameter Files Reference Manual

107

chem_match.tbl

This file contains the interaction matrix for which chemical labels can form an interaction in matching.

• The labels must be identical to labels inchem.defn.

• The table flag indicates the beginning of the interaction table.

• Compatible labels are identified with a one, otherwise a zero.

For an explanation of thedefinition field, see Atom definition rules on page 104.

Table 11. Example of chem_match.tbl

label   null
label   hydrophobic
label   donor
label   acceptor
label   polar

table
1
1       1
1       0       1
1       0       0       1
1       0       1       1       1

108

Reference Manual Parameter Files

chem_score.tbl

Thisfilecontains the interactionmatrixforhowan chemicalinteractionscore between chemicallabels is scaled.

• The labels must be identical to labels inchem.defn.

• The table flag indicates the beginning of the interaction table.

• Each element is a scaling factor.

For an explanation of thedefinition field, see Atom definition rules on page 104.

Table 12. Example of chem_score.tbl

label   null
label   hydrophobic
label   donor
label   acceptor
label   polar

table
0
0       1
0       -1      -1
0       -1      1       -1
0       -1      1       1       1

Parameter Files Reference Manual

109

chem_screen.tbl

This filecontains the interactionmatrixfor how to scale the contributionof each chemical key when computing the overall similarity.

• The labels must be identical to labels inchem.defn.

• The table flag indicates the beginning of the interaction table.

• Each element is a scaling factor.

For an explanation of thedefinition field, see Atom definition rules on page 104.

Table 13. Example of chem_screen.tbl

label   null
label   hydrophobic
label   donor
label   acceptor
label   polar

table
0
0       1
0       1       1
0       1       1       1
0       1       1       1       1

110

Reference Manual Parameter Files

flex.defn

This file contains labels and definitions for flexible bond identification.

• The drive_id field corresponds to a torsion type in theflex_drive.tbl file.

• The minimize field is a flag for whether the bond may be minimized.

• Twodefinitionlines must be present. Each definitioncorresponds to an atom at either end of the bond.

For an explanation of thedefinition field, see Atom definition rules on page 104.

Table 14. Selected entries from flex.defn

name            sp3-sp3
drive_id        3
minimize        1

definition      .3 [ 3 H ] [ 3 O.co2 ]
definition      .3 [ 3 H ] [ 3 O.co2 ]
________________________________________
name            sp3-sp2
drive_id        4
minimize        1

definition      .3 [ 3 H ] [ 3 O.co2 ]
definition      .2 [ 2 H ] [ 2 O.co2 ]
________________________________________
name            sp2-sp2
drive_id        2
minimize        0

definition      .2 [ 2 H ] [ 2 O.co2 ]
definition      .2 [ 2 H ] [ 2 O.co2 ]

Parameter Files Reference Manual

111

flex_drive.tbl

Thisfilecontains torsionpositionsassigned to each rotatable bond when the torsion_drive parameter is used in DOCK.

• The drive_id field corresponds to each torsion type.

• The positions field specifies the number of torsion angles to sample.

• The torsions field specifies the angles that are sampled.

Table 15. Selected entries from flex_drive.defn

drive_id        2
positions       2
torsions        0 180
_________________________________________
drive_id        3
positions       3
torsions        -60 60 180
_________________________________________
drive_id        4
positions       4
torsions        -90 0 90 180
_________________________________________
drive_id        6
positions       6
torsions        -150 -90 -30 30 90 150

112

Reference Manual Sources

Sources

compiled by C.Corwin

Available Chemicals Directory

MDL Information Systems, Inc.

14600 Catalina Street

San Leandro, CA 94577

phone (510) 895-1313

fax (510) 352-2870

Brookhaven Protein Data Bank

Protein Data Bank

Chemistry Department, Building 555

Brookhaven National Laboratory

Upton, NY 11973

phone (516) 282-3629

fax (516) 282-5751

e-mail pdb@bnl.gov

gopher://pdb.pdb.bnl.gov/11

Cambridge Crystallographic Database

For industrial users:

The Cambridge Crystallographic Data Centre

12 Union Road

Cambridge

CB2 1EZ

U.K.

phone +44 223 336408

fax +44 223 336033

For US academic users:

Dr. William L. Duax

Medical Foundation of Buffalo

Research Laboratories

73 High Street

Buffalo, NY 14203-1196

phone (716) 856-9600

Sources Reference Manual

113

fax (716) 852-4846

e-mail WPPDS%mfb@edu.buffalo.cc.ubvms

Cambridge information

http://csdvx2.ccdc.cam.ac.uk

DELPHI

Biosym Technologies

10065 Barnes Canyon Road

San Diego, CA 92121

phone (619) 458-9990

Goodford’sGRID

Henrietta Elton

Molecular Discovery Limited

West Way House, Elms Parade

Oxford OX2 9LL

ENGLAND

Phone +44-993-830385

Fax +44-993-830966

ISIS

MDL Information Systems, Inc.

14600 Catalina Street

San Leandro, CA 94577

phone (510) 895-1313

fax (510) 352-2870 MS see Quantum Chemistry Program Exchange (QCPE)

Quantum Chemistry Program Exchange (QCPE)

Creative Arts Bldg. 181

Indiana University

Bloomington, IN 47405

phone (812) 855-5539

fax (812) 855-4784

e-mail qcpe@ucs.indiana.edu

gopher://gopher.gdb.org/1ftp%3aqcpe6.chem.indiana.edu%40/

114

Reference Manual Sources

SYBYL

Tripos Associates

1699 S. Hanley Road, Suite 303

St. Louis, MO 63144-2913

phone (800) 323-2960

The UCSFMIDASPLUS molecular display program

MIDAS Software Distribution

Computer Graphics Laboratory

School of Pharmacy

University of California

San Francisco, CA 94143-0446

More resources

The NIH Molecular Modeling Home Page

http://www.nih.gov/molecular_modeling/mmhome.html

This page intentionally blank.

Index

117

A addprh 87 anchor-first search 33, 38 autoMS 20, 87 Available Chemicals Directory 11, 20, 112 B bump filter39 C Cambridge Crystallographic Database 11, 112 charge 87 chemical matching 12, 30 chemprop 87 cluster 10, 21, 86, 88 colsph 90 condense 91 conect 91 conformation search32 contact score 39 continuum scoring39 convsyb 91 Critical Points 13, 31 critical points31 D degeneracy checking 30 distance_tolerance 51 dock 10, 18, 23 Docking Task Flowchart 18 E energy score 40 exclude.pdb 87 F fdat2pdb 91 flex.defn 38 G get_near_res 20, 91 Goodford’s GRID 20, 113 grid 10, 18, 22, 74

H hbdata 92 I idtosyb92 INSPH 21, 84 Installation 9 invertPDB93 isis 18, 20, 113 L ligand mirroring30 M matching29 MOL2 format19 mol2sph 93 molecular surface 20, 84

ms 18, 20, 84, 113

ms2dot 93 N nodes_minimum 51 O oldscore 93 orientation search 28 P pdb2ms 93 pdb2syb 94 pdbrenum 94 pdbtosph 94 Q qcpe_ms 94 R random matching 29 118

Index

random search 29 random transformation 29, 30 References 13, 47 reformatms 20, 95 Restarting 27 rmsd 95 S score optimization 38, 39 scoring 39 sdf2mol296 sdf2mol2 & sybdb 18, 20, 96 showbox 18, 22, 96 showsphere 21, 96 simultaneous search 37 Site Characterization 20 site point construction 29 Sphere Centers 12 sphgen 10, 18, 20, 21, 29, 84, 89 splitmol97 sybdb 96 sybyl 18, 19, 20, 22, 114 T torsion minimization 38 U uniform sampling28

Index

119 120

Index