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Chapter 1

Intr oduction

DOT 2 User Manual CVS $Ild:  du-intro.tex,v 1.8 2008/10/02 01:57:02 mpExp $

A What DOT does

DOT is amacromoleculadockingprogramthatcarriesouta complete systematigigid-bodysearchor two molecules.
Intermolecularinteractionenegies are calculatedas the sum of electrostaticand van der Waals terms, which are
efficiently evaluatedascorrelationfunctions. Onemolecule(S) is kept stationaryanda secondmolecule(M) is moved

aboutS. Theelectrostatiandshapepropertiesof bothmoleculesaremappedntoequal-sizedyrids. M is translatedy

beingcenteredteachgrid pointof S, interactionenegiesarecalculatedM is rotated andthevery efficienttranslational
searchis repeatedThecalculationis dependentn the sizeof the grid andthe numberof orientationsappliedto M. The

outputis aranked list of placement®f M aboutS, from which coordinatefiles in PDB format canbe generated.The

resultingconfigurationcanbeanalyzedvisually with computergraphicsfilteredby biochemicalbr spectroscopidata,
analyzedo find clustering,subjectedo methodghatintroduceflexibility,

An importantconsideratioris the size of the grid. The grid representings is repeatedn all directions(periodic
boundaryconditions). Therefore,the grid mustbe large enoughthat M doesnot seeadjacentcopiesof S or their
properties.

Thesignificantlyenhancechew versionof the DOT softwarepackageprovidesthefollowing:

¢ Automatedsetupof DOT inputfiles startingwith proteincoordinatefiles from the PDB.

Improvementsn moleculampotentialshathave beendescribedn literaturearenow partof the automatedetup.

Error checkingduring setupof inputfiles to detectpotentialproblemsbeforethe dockingcalculationis run.

Faster- DOT now runs33%faster

Portability- will runon Linux, Mac OS X, andSolaris.

Reevaluationof top-ranled DOT protein-proteincomplexeswith ACE (pairwiseatomic contactenegy), which
takesinto accountdesohationenegy.

B KeyDOT Chapters

¢ Chapter8 - DOT Installation.
e Chapter2 - DOT Tutorial, try outfirst.
e Chapter3 - Dockingyour own systemthebasics.

e For help - Send email to the DOT help line (dot-help@sdsc.edupr post to the DOT Users Fo-
rum (dot-users@sdsc.edu). You must be a subscriberto the mailing list to post. Please see:
http://lists.sdsc.edofailmarnli stinfo/dot-use's to subscribeo thelist.
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Chapter 2

Try DOT: a Tutorial Example

DOT 2 User Manual CVS $Id:  du-tutorial.tex v 1.5 2007/12/08 03:59:54 mpExp $
We assumeDOT andits utilities have beeninstalled, seeChapter8 for instructions. For this tutorial, you will
alsoneedthe programsAPBS, Reduceand MSMS installedon your computer In this tutorial, you will setup your
environmentfor runningDQOT, run DOT with preparednput files to testthat DOT is properlylocatedandrunning,and

prepareDOT inputfilesto testthatthe DOT utilities andthe programsAPBS, ReduceandMSMS areproperlylocated
andrunning.

A Setup userenvironment

To find DOT, you mustsetthe DOT_ROQOT ervironmentvariableto whereDOQOT is installed, For example,if DOT is
installedin /usr/local/dot2to setyour program-searcpathto includeDOT programsgdo:

For csh/tcsh:

setenv DOTROOT /usr/local/dot2
source $DOTROOT/bin/share /d ot2 .s et up.c sh

If you putthesetwo linesinto your homedirectory.cshrcfile youwill nothave to typethemagain.
For sh/bash:

export DOTROOT=/usr/local /d ot2
source $DOTROOT/bin/share /d ot2 .s et up.b ash

If you putthesetwo linesinto your homedirectory.login or .bashrdile you will nothave to typethemagain.
To checkthatDOT cannow belocated type:

rundot --help

You shouldseea single line giving a “Usage:” message.lf not, checkthat your PATH matchesthe locationwhere
the DOT distribution is installedby typing

Is $DOTROOT

which givesalisting thatshouldincludethe directorieshin, data,src,andtest,amongothers.

B Copy the tutorial filesto your directory

Make a new directory for example“testdot”, andcopy the DOT tutorialfilesto it:
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mkdir testdot
cd testdot
dot _tutorial

This putsthetutorial filesin two directoriesnamed‘test-rundot’and“test-prepscript”.

C Run DOT with preparedinput files
You cannow do ashortDOT runto checkthatall is well. Typethetwo lines:

cd test-rundot
rundot udgugi.deg72.n  b0. parm

This will starta DOT run on your computey docking udg (uracil-DNA glycosylase)with ugi (an inhibitor protein),
usingacoarsgthusfast) 72-deyreerotationincrement.

Youwill seeapageor two of log file output,followed by anopportunityfor you to recordanentryin alab notebook
file named‘dotruns”:

Result for dotruns log file (Type control-D to end) >
You canthentyperemarkssuchas
first example run, took 2 minutes
andthentype ENTER (or RETURN),thencontrol-Donaline by itself to completeyour entry

The DOT outputfor all runsstartedin a given directory goesinto a subdirectorynamed‘runs”. Rundotcreates
subdirectoryin “runs” startingwith a numericaltime-stampandendingwith “udgugi.dg72.nb0”,takenfrom the name
of the .parmfile, For example, by doing the DOT run on Octoberl, 2007 at 7:32 PM, we got the directory name
“20071001.1932.udgy.deg72.nb0”. If yougothere,youwill find thedirectory“top30pdb”,which containsPDB files
of theugi inhibitor:
cd runs/20071001. 1932.ud gugi .d eg72. nb0/ to p30pdb
These PDB files of ugi are relatve to the udg coordinatesin the file ‘udg.cen.noh.pdb’one directory up (in
20071001.1932.udgiideg72.nk0 in our case). Examinethe file ‘udg.cen.noh.pdbandthe ugi files in “top30pdb”
with your favorite molecularvisualizationprogramto seethe 30 top-ranked complexesfoundby DOT.

D Prepare DOT input files using supplied PDB files

Next, youwill preparehe DOT inputfiles, startingwith two PDB files we supplyin thedistrkution.

D.1 Make surenecessaryprogramsareinstalled

You needthreeprograms MSMS, APBS, andReduceto prepareyour moleculesfor DOT, althoughDOT itself runs
withoutthem.First,we will checkto seeif thesethreeprogramsarealreadyavailable. Type

which msms
which apbs
which reduce

We supplycopiesof APBS andReducein the distribution, in $DOT_ROQOT/bin/SARCHOSV soif your computer
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platformis oneof the onessupportedn the currentDOT distrikbution, the pathto thesetwo programsshouldprint out
afterthe“which” command.

We do not supplya copy of MSMS, soyouwill needto downloadit if youdo notalreadyhave it. SeeChapter8 of
this manualfor instructions.Onceyou have installedMSMS (andAPBS andReducef you do not usethe onesin the
DOT distribution), you mustaddits locationto your shell PATH. For example,if MSMS is installedin /usr/local/bin,
type: For csh/tcsh:
set path=(/usr/loca I/ bin $path)

For sh/bash:

export PATH="/usr/loc  al/ bi n: $PATH"

D.2 Run “pr epscript”

Goto thesuppliedprepscriptestdirectory:
cd testdot/test-p re pscri pt
Thengoto thesubdirectorycoords:

cd coords
Is

In the coordsdirectory therearetwo PDB files, udg.pdbandugi.pdb,andtheready-to-rurscript, ‘prepscript’.
Now, run prepscriptkeepingalog file: For csh:

Jprepscript |& tee prepscript.log
For bash:
prepscript 2>&1 |tee prepscript.log

This will take several minutesandgeneratea few pagesof log file output,including a few warningmessagegou
candisregard. Thelastfew linesof the outputshouldresemble:

Stationary potential clamp high will be 1.8275

Stationary potential clamp low will be -1.7861

Stationary molecule files are complete

ltest-prepscrip t/ coords

Generating sample DOT parm file  udgugi.zero-rota ti on.n b0. parm

Generating sample DOT parm file  udgugi.deg72.nb0  .p arm
Generating sample DOT parm file  udgugi.deg06.nb0  .p arm
Generating sample DOT parm file  udgugi.deg06.nbl 0. parm
To remove all files normally  created by prepscript, type
rm *parm *.cen.* *.center.* *minmax *.log *.com

DOT inputfilesfor thestationarymoleculewill bein thedirectorycoords/uddfiles for the maoving moleculewill be
in coords/ugi.DOT parametefiles (.parm)will becreatedn the parenttest-prepscriptdirectory If youlike, you can
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go upto thatdirectorynow andrun DOT usingthe DOT inputfilesyou just prepared:

cd ..
rundot udgugi.deg72.n  b0. parm
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Chapter 3

DOT Quick Start Guide

DOT 2 User Manual CVS $ld:  du-gs.tex,v 1.14 2008/05/09 04:57:58 mp Exp $

DOT, its utilities, andtheprogramdVISMS, APBS,andReducenustalreadybeinstalled,seeChaptei8 for instructions.

A Setup userenvironment

Goal: The goal of this sectionis to make the DOT program,DOT utilities, andthe auxilary programsMSMS, APBS,
andReduceavailableto theuser

Al $DOT_ROOT

Tofind DOT andits utilities, the DOT_ROOT ervironmentvariablemustbesetto whereDOT is installed.For example,
if DOT is installedin “/usr/local/dot2” type: For csh/tcsh:

setenv.  DOTROOT /usr/local/dot2

For sh/bash:

export DOTROOT=/usr/local /d ot2

Your pathmustbe setto accesPOT utilities, scripts,anddata:

For csh/tcsh: source $DOTROOT/bin/share/ dot2 .s et up. csh
For sh/bash: source $DOTROOT/bin/share/  dot2 .s et up. sh

A.2 MSMS, APBS, Reduce

You needthethreeprogramaviSMS, APBS,andReduceo prepareyour moleculesor DOT, althoughDOT itself runs
without them. If you have successfullyun thetutorial (Chapter2), theseprogramsarealreadyin your shell PATH. To

verify, type:

which msms
which apbs
which reduce

Copiesof APBSandReduceresuppliedin the DOT distributionin $DOT_ROOT/bin/$ARCHOSV soif yourcomputer
platformis oneof the onessupportedn the currentDOT distribution, the pathto thesetwo programsshouldprint out
afterthe “which” command.If MSMS is not installed,seeChapter8 of this manualfor instructions. After installing
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MSMS, its locationmustbe addedo your shell PATH. For example,if MSMSiis installedin /usr/local/bin type:

For csh/tcsh: set path=(/usr/local /b in  $path)
For sh/bash: export PATH="/usr/loca I/ bi n: $PATH"

B Setup your molecular system

Goal: In this section,you createa directory structurefor your project, and generateand run the scriptsnecessaryo
createtheinputfiles for DOT.

B.1 CreateWorking Directories

To createthe directory structurefor your project, first createa main directory andunderthis a subdirectory‘coords”.
For example,if the projectdirectoryis named‘projdir”, type:

mkdir  projdir
cd projdir
mkdir coords

B.2 Selectthe stationary and moving molecules.

Coyy the coordinategin PDB format) of the two moleculesto be dockedto the “coords” subdirectoryof your project
directory You mustdecidewhich moleculewill be stationaryandwhich moleculewill be moved aboutthe stationary
molecule.Generallythemoleculewith thelargestdimensiorshouldbethestationarymoleculeandthesmallermolecule
shouldbe the moving molecule. This is computationallymostefficient (seeSectionK.1), resultingin both a smaller
grid sizeandfewer orientationsof the moving moleculeto getreasonableotationalsampling. Throughouthis manual
stat.pdbwill be the stationarymoleculestat.pdbandmov.pdbwill be the moving molecule. Typically we usenames
from the PDB, like 1cco.pdb If you areonly usingonemoleculefrom a PDB file that containsmultiple copiesof the
molecule editthefile in “coords” sothatit containsonly the singlemolecule.

Sonow we have
projdir/coords/ st at .p db
projdir/coords/ mov. pdb

B.3 Createprepscript for your molecular system.

In the coordssubdirectorycreatea copy of prepscriptcustomizedor your molecularsystemby

gen _dot _prepscript -m movingpdb -s stationarypdb [-[d griddim] [I  residue ibrary]
[-0 prepscript]

where“movingpdb” and“stationarypdb arethe PDB files for your two moleculeqrequired),in our examplemov.pdb
andstat.pdb By default, gendot prepscripwill generateprepscripthatfiguresoutareasonablsizefor thegrid, uses
thedefault residudibrary, andis named‘prepscript”. The optionalflagscanbe usedto overridethesedefaults.

Examplel: | wantto make prepscripfor moleculesstat.pdlandmov.pdb,let prepscriptdeterminghegrid size,and
usethedefault residudibrary.
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gen _dot _prepscript -m mov.pdb -s stat.pdb

Example2: | wantto make prepscriptfor moleculesstat.pdband mov.pdb, usea 128 grid with 1 A spacing,and
usemy library /home/me/misc/myreslitb.

gen _dot _prepscript -m mov.pdb -s stat.pdb -d 128 -l /home/me/misc/ myres i b.rl b
Both examplescreatea new file “prepscript”in the coordsdirectory in our case
projdir/coords/ prepscrip t

thatis customizedor theinput PDB files mov.pdbandstat.pdb

B.4 Run prepscript

To run prepscriptkeepingalog file, do:

For bash: prepscript 2>&1 | tee prepscript.log
For csh: prepscript |& tee prepscript.log

For anoutline of the stepgperformedby prepscriptanda detaileddescriptionof eachstep,seeChapterd, pagel3.

B.5 Filescreatedby prepscript

Prepscriptcreateswo subdirectoriesn “coords”, with namesbasedon your molecules. Eachdirectory containsthe
neededOT inputfiles for eachmolecule.In addition,parametefiles for runningDOT will be putin the main project
directory

In our examplewith stat.pdbandmov.pdb,whereprepscriptdeterminedve shoulduseagrid 128 A on eachside(1
A grid spacing)andtheionic strengthfor the electrostatigpotentialcalculationis 150mM (default), the following DOT
inputfiles arecreated:

1. Stationarymoleculefiles, in projdir/coords/sta

(a) stat.128.150m.dx the electrostatigotentialof the stationarymolecule wherethe generaihameof thefile
is molname.[griddim].[ionic_strength].dx.

(b) stat.cen.noh.xyzcryvthe shapepotentialof the stationarymolecule basedon heary atomsonly.
(c) stat.cen.noh.pdb the PDB file of the stationarymolecule heary atomsonly, for evaluation.

2. Moving moleculefiles, in projdir/coords/me

(a) mov.cen.polh.xyzg partialatomicchagesfor the moving moleculeincludingpolarhydrogenatoms.
(b) mov.cen.noh.xyz shapeof moving molecule representedly theatomiccentersof heary atomsonly.
(c) mov.cen.noh.pdb-the PDB file of the moving molecule heary atomsonly, for evaluation.

3. Parametefiles, in projdir

(a) statma.zero-rotation.n.pam — Singleorientationfor mov.pdb,no penetration®f mov into statallowed.

(b) statma.deg72.nb0.parm- 72 orientationalsearch(60 orientations)for mov.pdb, no penetration®of mov
into statallowed.

(c) statma.deg06.nb0.parm- 6° orientationalsearch(54,000)for mov.pdb, no penetration®f mov into stat
allowed.

(d) statma.deg06.nb10.parm- 6° orientationalkearch(54,000)for mov.pdb,upto 10 penetration®f mov into
statallowed.

Thesearethefiles thatDOT uses.Additional files aremadein the moleculesubdirectoriesgenerate@s prepscript
proceedsseeSectionG.
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B.6 Most likely problems

Theprepscriptscriptshouldrun with no interventionneededF

1. The two moleculesare proteinswith standardresidues. The programsin prepscriptcan handlethe various
protonationstatesof His andCys (freeanddisulfide).

2. Both moleculeshegin with residuelD 1 (ary chainlD is okay),andyou wanteachN-terminusto be a positively
chagedaminogroup.

3. Thechecksdonein prepscriptareappropriatdor your systemjn particularthetotal chageis nothuge.

Why? TheseproblemsALL revolve aroundthe needto assignatomicchagesandmolecularadii for the stationary
moleculeto do the electrostatiqpotentialcalculationsandto assignatomicchagesfor the moving molecule. The
programReduce which addshydrogenatomsdependingon the local ervironment, handlesstandardamino acid
residues.The default DOT residuelibrary containsatomic chagesand molecularradii for standardaminoacids,
includingthetypical protonationstatesof His, Cysfree or in a disulfide,andchagedN- andC-termini. Prepscript
assignsa uniqueresiduenamefor eachuniquely chaged and protonatedstateof eachstandardaminoacid. If a
residuedoesnot appeaiin the DOT residudibrary, prepscriptwill stop. Prepscripwill alsostopif thetotal chage
onamoleculeis notaninteger Thisis mostlikely to happenvhenaknown residuetypeis not properlyprotonated,
This checkis aKEY checkthatyou arebuilding your systemproperly

Residuesother than standard amino acids. Appropriatechagesarealsoavailablefor HEM andDNA residues;
thelibrariescanbe customizedo handlenew residueqseesection8a.,page29. The programReducecanalsohandle
DNA residuesandmayalsoaddhydrogeratomsproperlyto unusuafunctionalgroupsor modifiedaminoacidresidues
(seesectionde.,page27).

N-terminal residuesof a protein. If the N-terminalresiduedoesnot have aresiduelD of 1, seesection4a.,page
24. Youmustdecideif youwantit neutral(beginningwith a standardesidue which hasa singlehydrogenatomon the
N atom)or positively chaged. Themostlikely problemis a missinghydrogenatomat the beginning of a peptidechain
whenyou intendedthe terminusto be neutral. If the total chageis off by 0.248,suspecia missingmain chainamide
hydrogenmatom!

Prepscript checksthat may not apply to your particular system.Oneexamplewherechecksdonein prepscript
maynotbeappropriatdor your systemis if thetotal chage ononemoleculeis verylarge,whichis quitelikely for DNA
(seesectionM, page34).

C RunDOT

Goal: To run DOT andexamineDOT output.

C.1 Running DOT

To runthe programDOQT, first go to the maindirectoryof your project. For our example*projdir”:
cd projdir

ThesampleDOT parametefiles (.parm)madeby prepscriptarein this directory
Thecommando run DOT is:

rundot parameterfile [-h  hostfile] [optional comments]

The parametefile is required. If no hostfileis specified,DOT will run on one processoon the computerthat you
areloggedinto. If your optionalcommentscontainspecialcharactersyou shouldsurroundthemwith single quotes.
Examplesaregivenbelow.

For eachnew molecularsystemwe STRONGLY suggesfirst runningatestcasethatusesoneprocessoanddoes
only a singlerotationfor the moving molecule. This will checkthat DOT found the input files, that $SDOT_ROOQOT is
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setproperly andthatDOT is runningokay For our project,startingwith stat.pdbandmov.pdb,the commando run a
singlerotationof the moving moleculeis:

rundot statmov.zeroro t.n bO.p arm

For your system,the .parmfiles will have your moleculenames,as madeby prepscript. This runsthe DOT on one
processqrthe oneyou areloggedinto.
At theendof therun,you arepromptedenterary additionalcommentsendingwith control-D.

C.2 Running DOT on multiple computer/processors

For your project, you will wantto do a full rotationalsearch. You could do this on a single processaqrbut the run
canbe donemuch quicker on multiple computersor processorsDOT is designedo run very efficiently on multiple
computersn parallelusingMPI (MessagédPassingnterface).All of thecomputerghatyou usemusthave accesgo the
appropriately}compiledDOT program.Eachcomputemustalsohave access$o your projectdirectory Furthermoreyou
mustbeableto either“rsh” or “ssh” to eachcomputer Gettingsshor rshmayrequirehelpfrom asystemsdministratar
SeeChapter5, SectionD.2.

ALERT! If thisis thefirst time you have usedDOT with multiple computersor processorsseeSectionC.5 belov
beforerunningatime-consumingproductionrun!

To run on multiple computersreateatext file in your projectdirectorythatis a list of thecomputerspnenameper
line. For example,for 3 workstationd make afile called‘myhosts’

dopey
sleepy
grumpy

If 1 wantto usemultiple processor®n a single computey put one line for eachprocessor For example,if | have
an8-processocomputerdopeg andl wantto use3 processorany “myhosts”file would contain

dopey
dopey
dopey

For our big productionrun, we wantto sampletherotationalsearchor the moving moleculewith afinenessquialent

to thatof the translationakearch.The numberof orientationsneededs dependentn the sizeof the moving molecule.
We have foundthatthe 6 degreesearchs appropriatdor globular proteinswith up to 120residuegdiameterof upto 40

A). Prepscriptreateswo .parmfiles thatdo a 6 degreerotationalsearchin one,no atomsof themoving moleculemay

penetrataghe interior of the stationarymolecule,in the other up to 10 moving moleculeatomsareallowedto penetrate
the stationarymolecule.For our systemstartingwith stat.pdbandmov.pdb,to allow no penetrationgor bumps)by the

moving molecule type:

rundot statmov.deg06. nbO.p ar m-h myhosts 'my O bump production run

This DOT run will do 54,000evenly spacedorientationsof the moving molecule,which shouldtake a few hourson
5to 10 processorskor afiner rotationalsearchexamineyour .parmfile.

To do the samerotationalsearch,but allow up to 10 atomsof the moving moleculeto penetratehe stationary
moleculedo:

rundot statmov.deg06. nbl0. parm -h myhosts ’'my 10 bump production run

Allowing penetrationgdbumps)can be useful for unboundmoleculeswhen somestructuralrearrangemendccursin
thecomple.
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C.3 Where DOT output goes

Eachinvocationof “rundot” in projdir createsa subdirectoryin projdir/runsin this format:
projdir/runs/DA TE.T IME.p re fi x_from _parm file

DOT outputis put in this subdirectory For examplefor ‘my 10 bump productionrun’ above startedon August2,
2007at10:20AM, outputwill bein

projdir/runs/20 070802.10 20.s ta tmov. deg06. nb10

The directory nameis constructedrom the dateandtime the run was started,the namesof the moleculesused,the
numberof orientationsappliedto the moving molecule,andthe numberof bumpsallowed. The last threefields are
takendirectly from the nameof the .parmfile, in this casestatme.deg06.nb10.parm.

In your projectdirectory thefile

dotruns

is createdwhich is a cumulatie log of all DOT runs startedin projdir. This file logs the directory namesandyour
commentsat the bgginningandendof eachrun. Very handy!

C.4 DOT output and evaluation

The basicoutputof DOT putinto the runs/DATE.TIME.prefix from_parmfile outputdirectoryis an.e6dfile. For our
examplestartingwith stat.pdlandmov.pdb:

statma.top2000.e6d

Thisfile containsthe informationfor generatinghe 2000(default) top-ranled placement®f the moving molecule.
Theseplacementarerelative to thecentereadtoordinate®f the stationarymolecule jn our casestat.cen.noh.pdlsyhich
is copiedinto the outputdirectoryfrom projdir/coords/stat

“Rundot” alsoperformsa preliminary evaluationof the DOT run by runningthe script “evaluatedot_run”, which
processethe informationin the .e6dfile. The evaluationincludescreatingPDB files of the 30 top-ranled placements
of the moving moleculein the subdirectory‘top30pdb”. SeeChapter6 for a detaileddescriptionof the evaluation
performedby “evaluatedot run” andfurtherevaluationsthatyou cando.

C.5 TestingDOT on multiple computers/processors

If thisis thefirst time you have run DOT on multiple machineswe suggesthatyou first testparallelprocessingn a
smallDOT run. Prepscripmakesa parametefile for doingjust 60 rotationsof the moving molecule.For yourtestrun,
do:

rundot statmov.deg72. nbO.p arm-h hosts ’test of multiple processors’

This will testthatall of the machinescan accessan appropriatelycompiled DOT programand its utilities, that all
machinesanaccesgour projectdirectory andthatyou geteither“rsh” or “ssh” to eachcomputer

Bug Warning: currentlythe numberof computeranustbe no morethanthe numberof orientationsof the moving
molecule.Sinceyou probablyhave only a dozenor socomputersvailableandusuallyhave hundredsor thousand$
of orientationghisis notlikely a problemexceptfor the single-rotatiortestcase.
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Chapter 4

Prepscript - creating input filesfor DOT

DOT 2 User Manual CVS $ld:  du-prepscript.t ex, v 1.11 2008/04/02 03:52:04 vickie Exp $

Goal: This chaptergivesdetaileddescriptionof the stepsneededo setup your molecularsystemfor DOT docking
runs. The scriptsdescribedn this sectionare

e gendot prepscript- generates prepscripttustomizedor your system
e prepscript- createsnolecularinputfiles andparametefiles for DOT

andthe utilities andscriptscalledby these.

DOT 2 User Manual CVS $id: du-prep-outline te x, v 1.10 2008/04/02 03:52:04 vickie Exp

A Outline of setupsteps

AccessingDOT scriptsandutilities andauxilliary programs
Examinethe moleculestructurefor completeness
Selectstationaryandmaoving molecules

Setup directorystructure

Setup customizedibrary for new functionalgroups

Createprepscript:gendot prepscript

N oo o~ 0w Nhd P

prepscriptgenerafeatures

(a) toolsthatprepscriptuses

(b) Assignssystematicnamingto neededfiles: cen=centerednoh=no hydrogenatoms, polh= with polar
hydrogenatoms allh=with all hydrogenatoms

(c) Assignsfile sufixesto indicatefile type
(d) Pausecommandor userintervention

8. Prepscriptstepscommonto both molecules- dot2-prep-mol-common

(a) Defineanacceptableangefor thetotal chage on eachmolecule

(b) Remore watersH atoms alternatdocationsfrom PDB files

(c) Centerbothmoleculeswvith noH atoms(cen.noh)fpdb.make_centered]
(d) Add hydrogeratomsto PDB coordsusingReducgcen.allh)
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(e) Create files with heary atoms and polar H atoms with RES namesto match library (cen.polh)
[pdb.renameres by_hydrogensstriph]

(f) Moving molecule:Createshapdfile (.xyz) basedon heary atoms
(g) Moving molecule:Createpartialatomicchagefile (.xyzq)

9. Prepscript:Calculatediameterof moleculego determinegrid size
10. Prepscript:Stationarymolecule

(a) Stationarymolecule:Createelectrostatigpotential(.dx)

(b) CreateAPBScommandandparametefiles

(c) RunAPBS

(d) Stationarymolecule:Createshapepotential(.xyzcrv)

(e) RunMSMS (heary atomsonly) to defineexcludedandfavorablevolumes.
(f) Determineelectrostaticlampingvalues

11. PrepscriptCreateparametefiles for DOT run (.parm)

B AccessingDOT scripts and utilities and auxilliary programs

It is assumedhatyou have setup your userervironmentto access

e DOT scriptsandutilities — seeChapter2, sectionA

e theprogramsAPBS,ReduceandMSMS—seeChapter2, sectionD.1. NotetheDOT distribution doesnotinclude
MSMS.

If yousuccessfullyanthetutorials(Chapter2), your userervironmentincludesthe ervironmentvariable$DOT_ROOT
andthefollowing directoriesarein your path. Platformindependenbashandcshscriptsarein:

$DOT.ROOT/bin/share
CompiledC/C++ utilities arein:
$DOTROOT/bin/$ARCHO SV

where $ARCHOSYV is replaced by your platform/operatingsystem name that is determined by the script
$DOT_ROOT/bin/share/archosV¥f you areusingthe APBSandReduceprogramdistributedwith DOT, they arein

$DOTROOT/bin/$ARCHO SV

. If youfollowedtheinstallationinstructionsfor MSMS (ChapterB, Section??.??), it will alsobein
$DOTROOT/bin/$ARCHO SV

Thedirectory

$DOTROOT/data

includesresidueatomic chage libraries (.rlb), rotation setsthat are appliedto the moving molecule(.eul), auxilliary
filesfor MSMS (calculationof molecularsurfaces)andACE (for evaluation),andsamplefiles.

DOT 2 User Manual CVS $Ild: du-prep-repairp db. te x, v 1.8 2007/11/21 22:19:41 mp Exp $

14 Octoberl, 2008



Needhelp?Email dot-help@sdsc.edu

C Examineand completestarting PDB files

Prepscriptthe scriptthatcreategshe DOT input files, takesasinput two startingPDB files, eachwith a singlecopy of

amacromoleculelf multiple copiesof the macromolecul@are presenin theasymmetriaunit of a crystallographidile,

the usermustdecidewhich setof coordinatess to be usedfor dockingandcreateaninput PDB file that containsjust
thatmolecule. Themoleculecanincludemultiple chains.Prepscriptill remove watermoleculeshydrogeratoms,and
multiple positionsof aresiduan the PDBfiles unlesgheuserexplicitly doesnotwantthisto happerandeditsprepscript
appropriately Eachresiduein the PDB file mustincludeall of the heary (nonhydrogenatomsthat correspondo that
residuein theresidudibrary. It is okayif themacromoleculés missinganentireresidueor aregion consistingof mary

residuessuchasmissingresiduesatthe N- or C-terminior disorderedoop regionsthatdo not appeatin the PDB file.

C.1 Missing atomsin sidechains.

If aPDBfile lacksthefull setof heary atomsthatdefinearesiduethe PDB curatorsusuallyindicatethisin REMARK
470,MISSING ATOMS. The heary atomsmustmatchthoseassociatedvith the residuename,hencethe userhastwo
choices:(1) build thefull sidechainor (2) renameheresidueto matchthe existing atoms.For example,givenalysine
residuewith atomsonly to Cry, the usercould eitherbuild thefull Lys side chainby addingatomsCd, Ce, andN(, or
could remove the Cy atom,leaving only the C3 atom of the side chain,and renamethe residue”ALA”. In this case,
theadwantageof building thefull sidechainis thatthe correcttotal chageis retained.The disadwantageis thatthe side
chainwasprobablydisorderedandmay have multiple, similarenegy conformations Generally we build the full side
chain. Building sidechainsis outsidethe scopeof the DOT programsuite,but proprietaryprogramssuchasinsightli
(Accelrys),andopensourcetools, suchasSWISSPROT**, canbeusedto do this task. Sinceresidueswith disordered
atomsare usually on the surface of the protein, they can affect the shapeand electrostaticpropertiesof interaction
surfacesandhenceshouldbe built carefully For example,addedatomsshouldbe checled for stericclasheswith other
atomsin themolecule.

If the missingheary atomsarenot added prepscriptwill find thatthe proteins total chage is not aninteger, report
theerror, andstop.

C.2 Missing loopsand chain ends

Missing residuesare often indicatedin the PDB file as REMARK 465, MISSING RESIDUES.In general,we do
not build in missingresiduesfor rigid-body docking. The usermay decidethat missingregions needto be built to
make a completemodel,but theseregionsusuallyaremissingbecauséhey aredisorderedandprobablyhave multiple
conformations. If the missingloop or N- or C-termini regions are not built, therearetwo considerations.First, the
resultingtermini shouldbe unchagedsothatspuriouschagedgroups which cansignificantlyaffect the overall chage
distribution, are not introduced. Oneway the usercanapproactthis is to leave the termini as standardamino acids.
This resultsin incompletecovalentbondingfor the terminalmain-chainatoms,N at the N-terminusand C at the C-
terminus whichis nota problemfor the computationatocking. Alternatively, the usercouldusea molecularmodeling
programto build acetyl (ACE) groupsonto N-termini or N-methyl groups(NME) onto C-termini, alsoleaving both
endsneutral. Secondmissingregions,especiallythoseat the N- and C-termini, canindicatesuriaceregionswherean
incomingmoleculeis unlikely to bind. Docked configurationdoundby DOT thatcontacttheseincompletetermini may
beeliminatedaslikely complees.

DOT 2 User Manual CVS $Id: du-prep-statmov te x, v 1.4 2007/10/30 06:06:19 vickie

D Assigningthe stationary and moving molecules

In the DOT dockingcalculation,onemoleculeis stationaryandthe othermoleculeis movedaboutit. Thereareseveral
criteriafor selectingwhich moleculewill be stationaryandwhich will be moved. (1) The computationatime required
for a translationabndorientationalsearchof a given fineness.The computationatime is dependenbn the sizeof the
grid andthenumberof orientationsappliedto themoving molecule.(2) Suitability or corvenienceof the potentialsused
to describethe moleculessincethe stationaryand moving moleculepotentialsare quite differentfrom eachother (3)
Otherfactorsspecificto the molecularsystem.
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D.1 Computation time.

Computationatime for a given resolutionof the searchis shorteswhenthe larger moleculeis stationary(S) andthe
smallermoleculeis assignecasmaoving (M). Thecomputationatime is dependenon two factors:the numberof points
in thegrid andthe numberof orientationsappliedto the moving molecule.

The grid representing is repeatedn all directions(periodicboundaryconditions).Giventhe default grid spacing
usedby DOT of 1 A, gridsthatare32, 64,96, 128,160,192,and224A on eachsidearethe mostefficient for the DOT
algorithm. Thegoalis to selectthe minimumgrid sizewhereM doesnot seeadjacentopiesof S or their properties A
goodrule of thumbis thatwhenM contactsS, M lies entirelyinsidethegrid. A generousneasuref thisis thatthegrid
dimensiorshouldbelargerthanS + 2M, whereS and M arethelargestdiameterdor thetwo molecules.S + 2M will
be smallerwhenthelargermoleculeis assignedssS.

The propertiesof the moleculesmaybe a factorin choosingthe sizeof thegrid. For example,if S createsa strong
electrostatigpotential,theremay be significantvaluesat the edgesof the grid. This is mostlikely whenS is highly
chagedor hasa large region with a high concentratiorof residueswith similar chage. WhenM is centeredn a grid
point distantfrom S, M may seeelectrostatiqpotentialfrom copiesof S thatdistortsthe electrostatienegy. In these
casesagrid sizelargerthan$S + 2M maybeworth considering.

The computationatime is linearly dependenbn the numberof orientationsappliedto the moving molecule.For a
givensetof orientationstherotationalspaceof themaving moleculewill bemorefinely sampledor asmallermolecule.
For example,for two moleculespnewith twice the diameterof the other the larger moleculewould require8 timesthe
orientationgo give the sameorientationalsamplingof the smallermolecule.

D.2 Suitability of potentials.

Thepotentialof Sarecalculatecdbnce whereaghepotentialsof M mustberecalculatedor eachorientationof M. Since
thepotentialsof Sarecalculatednly once they canbe quitedetailedandcomputationallyintensie. Theshapepotential
of Srequirescalculationof molecularsurfacesanddeterminatiorof the volumesof the grid thatrepresenthe excluded
andfavorableregions. The electrostatigpotentialof S is calculatedoy Poisson-Boltzmanmethodswhich take into
accountonic strengtheffectsandthe dielectricboundariebetweersoluteandsolvent. Both the shapeandelectrostatic
potential calculationfor the stationarymoleculetake several minutes. For computationafeasibility, the shapeand
electrostatigpropertiesof the maving moleculemustbe rapidly calculated. In DOT, the shapeis representedy the
atomiccoordinatesof all non-hydrogeratomsandthe chage distribution by point chagesat the atomic coordinates,
including polar hydrogenatoms. Both are rapidly mappedonto the grid for eachorientation. If the userwantsone
moleculebe definedin moredetailthanthe other thatmoleculeshouldbe assignedss.

We have found the reversecasewhen a fragmentof double-strandedNA is usedto represenfpart of a long
DNA strand[]. The DNA fragmentworks bestas M, whereits chage distribution is representedby atomic point
chages.Whenthe electrostatiqotentialfor a DNA fragmentis calculatedby Poisson-Boltzmanmethodsthe greater
solventaccessibilityof the endscreatesa nonuniformelectrostatigotentialalongthe DNA strand.Nearthe endsof the
fragment,the electrostatiqotentialis neutral;only in the centerof the fragmentis the potentialdue do the phosphate
atomsconstant.Thustheelectrostatigpotentialof the DNA fragmentis highly dependenbnits length.Whenthe DNA
fragmentis representedspoint chages,thechage distribution is consistenbver the full fragment.

D.3 Other factors.

Oneproteinenvironmentmaybe moresuitablerepresentedseitherS or M. For example,if onemoleculeis embedded
in amembranervironment,this couldbeincludedaspartof the descriptionof the stationarymolecule.

DOT 2 User Manual CVS $Id: du-prep-directo ry. te x, v 1.4 2007/10/30 06:06:19 vickie

E Setup directory structur e with starting coordinates

First, createa maindirectoryfor your project,thencreatea subdirectory‘coords”. For example,if we decidethe main
projectdirectorywill be named‘projdir”, we move to thedirectorywhere“projdir” is to be createdandtype:
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mkdir  projdir

cd projdir

mkdir  coords

This makesthedirectorystructure:

projdir/coords/

Putthe prepared”DB files of the maving andstationarymolecules'projdir/coords”. For example,if our startingPDB
files arestat.pdb(stationarymolecule)andmov.pdb (maoving molecule) we have

projdir/coords/ st at .p db
projdir/coords/ mov. pdb
DOT 2 User Manual CVS $Iid:  du-prep-library te x, v 1.1 2008/05/09 05:29:49 mp Exp $

F Setup customizedlibrary for newfunctional groups

F.1 Standardresiduelibrary for proteins

Thedefaultresidudibrary is
$DOTROOT/data/uhbd. amber8 4. prot. rl b

Thisresidudibrary containgpartialatomchagesandradii for

e the20aminoacidresidues,

the 20 aminoacidresiduesasN-terminalresidueof a peptidechain,

the20 aminoacidresiduesasC-terminalresiduesf a peptidechain,

HIS protonatecbn NE2 aloneandND1 alone(neutral)andprotonatedon both,

CYS, bothfreeandaspartof adisulfide

ACE, acetylgroupthatsometime$egins a peptidechain,

NME, methylaminogroupthatsometimesndsa peptidechain

For alist anddescriptionof theresiduenamessee

$DOTROOT/data/uhbd. amber8 4. pro t. README

Thelibrary includespolar hydrogenatoms,but not nonpolarhydrogenatoms. Partial atomic chagesmatchthose
from AMBER for aminoacidresiduesvith polarhydrogematomsonly (Weineretal., (1984),J. Amer. Chem.Soc.106,
765-784).Thelibrary formatis thatusedby the UHBD (University of Houston,Brownian Dynamics)program(Gilson
etal., (1993)J. Phys. Chem. 97, 3591). Thelibrary hastwo sections.Thefirst “EQUIVALENCE” allows the userto
equialenceanatomnamein their PDB files to the atomnameusedin the library. For example,the main-chainamide
‘H’ usedto sometimedbe called'HN’, sofor ALA, theline in the"EQUIVALENCE” sectionis

ALA HN ALA H
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which mapsHN in ALA in theinput PDB file to H in ALA in the residuelibrary. Theselines arelessneededhow,
with theremediatiorandstandardizatiof atomnamesn the PDB.

Thesecondsection,”AMBER” containgheresiduename(resi),atomname(atom),chage (chmg), andradius(radi).
Thelibrary currentlyincludes2 additionalfieldsfor UHBD Browniandynamicsgpsiandsigm,but thesearenotneeded
for DOT andshouldbe setto 0.0whennew residuesareaddedto thelibrary.

F.2 Additional residuelibraries

Thedirectory
$DOTROOT/data/cofac  to rs

containsresiduelibrariesfor DNA (including5’ and3' termini), RNA (with 5' termini beginning with eitherthe sugar
or includinga precedingphosphatgroupand3’ termini), GTP, ATP, andheme(Fe(ll)) thatareconsistentvith thepolar
atomatomicchagesof AMBER. Currently only asinglelibrary file canbe used sothesedibrariesneedto be appended
to the standardoroteinlibrary. For example,for a DNA/proteinsystemin our directory“projdir”, 1 make a subdirectory
data,copy the standardproteinlibrary andthe DNA library into it, andappendhe DNA library to make a new library
file uhbd.amber84.prot.dna.rlb

cd projdir

mkdir data

cd data

cp $DOTROOT/data/uhbd .a mbker 84. prot .r Ib

cp $DOTROOT/data/cofa ct or s/ dna.a mber .r Ib

cat uhbd.amber84.pr ot.rl b dna.amber.rlb > uhbd.amber84.pr ot.dna.rl b

To useyour new library in prepscriptyou mustaddthe-I flag andthe FULL pathnameof your new library in your
gendot prepscriptommandSectionG).

DOT 2 User Manual CVS $Id: du-prep-gen.tex v 1.7 2008/04/02 03:52:04 vickie Exp $

G CreatePrepscript

“Prepscript’is an executablescript that producesall the neededDOT input files, including moleculardescriptiongor
the stationaryandmoving moleculesand parametefiles for runningDOT (seeSection** for alist of files). You will
use$DOT _ROOT/bin/gen_dot_prepscript to generatéprepscript”customizedor your system.For gendot prepscript
andprepscriptto work, you needto

e Have your pathsetupto acces®OT scriptsandutilities (Chapter2, sectionA).
e Have your pathsetupto accesshe programsREDUCE,MSMS, andAPBS (Chapter2, section??).
¢ Setupthedirectorystructurewith startingcoordinategSectionE)

¢ If neededmale acustomizedesiduedibrary for non-standargroteinresiduesandotherffunctionalgroups,such
ascofactors(SectionF)

For our example,with “projdir” asour projectdirectoryandthe startingPDB files stat.pdb(stationarymolecule)and
mov.pdbmoving molecule),both PDB files arecopiedinto projdir/coords, assetupin E.
Thescript“gen.dot prepscript'will createprepscripffor your system.Syntaxis:

gen _dot _prepscript -m movingpdb -s stationarypdb [[d grimdim] [ residue _library]
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An appropriategrid dimensionis calculatecdby prepscriptf it is not specified seesection]. Thedefaultlibrary assigns
atomicchagesandradii andis in:

$DOT.ROOT/data/uhbd. anber8 4. prot. rl b

Examplel. Working in the projectdirectory“projdir” with the PDB files stat.pdband mov.pdb “projdir/coords”,
usingthedefaultlibrary, andletting prepscripttalculatethe grid size.

cd projdir/coords
gen _dot _prepscript -m movl.pdb -s stat.pdb

Example2: Samecoordinatesbut we wantto usea 128 grid with 1 A spacingandthe customizedesiduelibrary
with atomicchages“myreslibrlb” in projdir/lib:

gen _dot _prepscript -m mov.pdb -s stat.pdb -d 128 -l projdir/lib/my resli b.rl b

Note the the full pathnameshouldbe specifiedfor thelibrary. A customizedibrary canbe built by addingyour nen
functionalgroupsto a copy of thedefaultlibrary. For example,our researchecopiedthe default proteinresidudibrary

$DOTROOT/data/uhbd. amber8 4. prot. rl b

into thedirectory“projdir/lib” andnamedhisresidudibrary file myreslibrlb. Thelibrary assigngartialatomicchages
andatomicradii to eachatomof a residue.To adda new residueto thelibrary, the usershouldassignradii consistent
with thosein thedefault library andobtainreasonablg@artialatomicchagesconsistentvith thoseof the AMBER polar
hydrogenforcefield [], following the formatof thelibrary.

DOT 2 User Manual CVS $Id: du-prep-general te x, v 1.5 2008/04/02 03:52:04 vickie Exp $

H Prepscriptgeneral

H.1 General Approach

Prepscripwill work withoutinterventionif thetwo moleculesareproteinswith standardesiduescontainno cofactors
notin the currentchage library, andboth startwith residuenumberl, which shouldbe treatedasa positvely chaged
N-terminus.If interventionis neededthe PAUSE commandcanbe insertedwith a commentio remindthe userthata
file needgo be adjustedbeforeproceeding.

It is importantto checkthe log files for errors! They will be locatedin the “stat” and“mov” directories(where,
again,’stat’ and’'mov’ are examplenamesusedin this manual: normally you will have called your stationaryand
moving moleculesnamedike 'labc.pdb’and’5gfd.chainB.pdb”).

H.2 Running prepscript

For prepscripto work, you needto
e Have your pathsetupto acces®OT scriptsandutilities (Chapter2, sectionA).
e Have your pathsetupto accesshe programsREDUCE,MSMS, andAPBS (Chapter2, section??).
e Setupthedirectorystructurewith startingcoordinategSectionE)

“Prepscript”is runin the“coords” subdirectoryof your project. We highly recommendgou make alog file whenrunning
prepscript.To run prepscripttype:
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For csh:

prepscript |& tee prepscript.log
For bash:

Jprepscript 2>&1 |tee prepscript.log

Example.Working in the projectdirectory“projdir” usingcsh:

cd projdir/coords
Jprepscript |& tee prepscript.log

H.3 Assignmentof file names

Prepscriptautomaticallyaddsto the file nameof the original input PDB files to indicatewhatis in thefile andthefile
type. Systematimamesnclude

e cen= centered

e noh=heary atomswith no hydrogenatoms

polh = heary atomswith only polarhydrogeratoms

allh = heary atomswith all hydrogenatoms
Sufiixesthatindicatefile typesinclude

e Xyz = ContainsX, Y, andZ coordinate®nly

e Xyzq= ContainsX, Y, andZ coordinategndpartialatomicchage

e xyzqr= ContainsX, Y, andZ coordinatespartialatomicchage, andradius
e xyzqrxml = asxyzqrbutin formatfor APBSinput

¢ uhbdgrd= electrostatigotentialgrid createdn UHBD format

e dx = electrostatigotentialgrid createdn APBSformat

e Xyzcrv = shapdile

If thepreparatiorscriptsucceedshenthefollowing files will be generated$projdir/coords/ma@mov.pdb
$projdir/coords/ma'mov.certer.xyz
$projdir/coords/mamov.cenpolh.xyzq
$projdir/coords/ma/mov.cenpolh.pdb_to_xyzq
$projdir/coords/ma’mov.cenpolh.pdo
$projdir/coords/ma’mov.cenpolh.xyz

$projdir/coords/stéstat pdb
$projdir/coords/stéstat certer.xyz
$projdir/coords/stéstat cenuhbd.pcb
$projdir/coords/stéstat.cenpolh.pdb
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$projdir/coords/stéstatcenpdb
$projdir/coords/stéstat cennohpdb
$projdir/coords/stéstat.cenpolhxyzqgr.xml
$projdir/coords/stéstat cenpolhapls.log
$projdir/coords/stéstatcen1281500m.dx (or similar)
$projdir/coords/stéstat cennohxyzcrv
$projdir/coords/stéstatcennohr+1.4p=1.4xyzcrv
$projdir/coords/stéstat cennohclampminmax

H.4 The “pause” command,pausingduring creationof DOT input files

If youinsert
pause ' reason

into prepscriptor the scripts called by prepscript,such as “dot2-prep-mol-common” the script will pauseat this
statementwhich the 'reason’remindingyou of what you needto do. NOTE: Usethe single quote”’ "to delineate
thecomment.Typeenter(or return)will make your scriptresume.

Examplel: | wantto checktheDOT inputfilesfor themoving moleculebeforel move onto processinghestationary
molecule.l puta“pause”statemenin prepscriptafterthe moving moleculeis processed:

dot2-prep-mol-c onma -p mov.pdb -l $reslib -W moving
exit _if _error $? dot2-prep-mol-c ommon reported  an error, prepscript quitting

popd
echo Moving molecule files are complete

pause 'check moving molecule files mov.cen.noh.xyz and mov.cen.polh.xy Zq

Example2: | have a CYS residuethatis boundto a Cu atomin plastoganin, my moving molecule.Sincethereis
no hydrogenatomon the S atom,it will be automaticallyassignecasCY X, a neutralresiduethatis partof a disulfide.
However, | have createda residueCYM, that hasthe appropriatechage of -1 neededor CYS asa metalligand. To
malke suretheresiduegetsassignegroperly | have to interveneafterall hydrogeratomshave beenaddedby REDUCE,
but beforeatomicchagesareassignedThis requiresmakinga customizedrersionof 'dot2-prep-mol-commorfor my
moleculemov.pdh After all hydrogenatomsareaddedwith REDUCE,but beforenon-polarhydrogensareremoved, |
put:

pause ’edit mov.cen.allh.p db to replace Cu-bound CYS 84 with CYM’
| editthefile andthentypeenter(or return)to continuethe processingf DOT inputfiles.

DOT 2 User Manual CVS $Ild: du-prep-steps.t ex, v 1.8 2008/04/02 03:52:04 vickie Exp $

| Prepscript: Stepscommonto both molecules— dot2-prep-mol-common

The script“dot2-prep-mol-commonis run in prepscriptfor boththe moving andthe stationarymolecules.The script
“dot2-prep-mol-commontioesthefollowing steps:

¢ removeshydrogenatomsandwatermoleculesrom the startingPDB files
¢ centerghemolecules

¢ callstheprogramReduceto build hydrogenatoms
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e createghe centeredPDB files with heary atomsand polar hydrogenatoms,with eachprotonation/chage state
having a uniqueresiduename

e creategzhe moving moleculeshapdfile (.xyz)
e creategheatomicchagefile (.xyzq) andchecksotal molecularchage

Thesestepscreateall therequiredDOT inputfiles for the moving moleculeandcreatethe files neededo calculatethe
shapeandelectrostatigotentialsof the stationarymolecule.

I.1 Checkon range for total molecular charge

Before running “dot2-prep-mol-common”,prepscriptsets the parameters‘qtotmin” and “qtotmax” to define an
acceptableangefor thetotal chage on eachmolecule.Thedefaultin prepscripis

gtotmin=-20
gtotmax=20

If the total chage of either moleculeis not in this range,Prepscriptwill quit with an error message.If you know
thetotal chage of your moleculeis anintegeroutsidethis range adjustthelimits accordingly For example,afragment
of double-strande®NA with 12 basepairshasatotal molecularchage of -22, sochanging‘gtotmin” to equal-30 will
allow prepscriptto run without anerror. Within prepscriptthetotal molecularchage is checled for eachmoleculeby
the script “dot2-prep-mol-commonandchecled in thelog file madeby eitherAPBS or UHBD whenthe electrostatic
potentialfor the stationarymoleculeis calculated.

If the the total chage for both the stationaryand the moving moleculeis in the rangedefinedby “qtotmin” and
“gtotmax”, but is not aninteger, prepscriptwill quit with an error message.This turnsout to be an excellentcheck
of whetheratomicchagesgot assignedtorrectly Residueor associatedesidueshave integral chagesin theresidue
library. A non-intgral chage usuallyindicatesmissingatoms,either becauseatomsare missingin the original PDB
files or becausdénydrogenatomswerenotaddedcorrectly

DOT 2 User Manual CVS $Id: du-prep-noh.tex v 1.4 2008/04/02 03:52:04 vickie Exp $

1.2 Creating no-hydrogenfiles (noh files)

The script “dot2-prep-mol-common”called by prepscript,removes water molecules,hydrogenatoms,and alternate
positionsfor the sameatomfrom theinput PDB file. For a startingmoleculenamedmol.pdb,thefile createds:

e mol.noh.pdb

in PDB format.

Why? Input PDB files caninclude small moleculesthat would not be consideredo be part of molecularshape
presentedo docking partners. Thesemoleculesincludewatermolecules,ons from buffer, and somemetalions.
Prepscriptemoveswatermoleculesput theusemmustdecideif othermoleculesareanintrinsic partof themolecular
structureandremove thosethat arenot. For example,a metalion may be animportantcofactor (keep)or present
betweermoleculesn the crystalasa heary atomderivative (remaove). Somecrystallographicstructuresand most
NMR structuresnclude someor all hydrogenatoms. Theseatomsmay have nonstandarchamesor geometries|,
dependingon the methodof refinement This stepof prepscripwill remove them,andthey will bereplacedn later
steps.If the userwantsto retainhydrogenatomsfrom the PDB, skip this step. SomePDB have multiple locations
for someatoms,saya mobile sidechain. Prepscripselectonly thefirst listed alternatdocationfor anatom.

If multiple moleculesare presentin the asymmetricunit of a crystallographicfile, the usermust decidewhich
moleculeis to beusedfor docking,andedittheinputfile accordinglyto containjustonemolecule.

DOT 2 User Manual CVS $Id: du-prep-center. tex v 1.5 2008/04/02 03:52:04 vickie Exp $
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1.3 Centering molecules

Thescript“dot2-prep-mol-common’calledby prepscriptfindsthegeometriccenterof eachmoleculeandtranslateshe
coordinatesothatthecenterlies at(0,0,0).Filesof centeredcoordinatediave "cen” addedo their name.In prepscript,
thecenterings appliedto the moleculewith no hydrogeratoms,sofor a startingmoleculenamedmol.pdb files created
are:

¢ mol.cen.noh.pdbthecentered®DB file with no hydrogenatoms

¢ mol.centered.xyz thegeometriccenterof the original PDB file (**Check this)

Why? It is especiallyimportantthatthe moving moleculeis centeredThis ensureganevensamplingby the setof
orientationsappliedto themoving molecule sincethe orientationsarerotatedabout(0,0,0). If themoving molecule
is significantlyoff centeylargeregionsof rotationalspacemaybemissed.
For the stationarymolecule centeringpositionsthe moleculein the centerof the grid, providing thelargestdistance
betweerthe moleculeandthe edgesof the grid for the moving moleculeto fit into. It may be corvenientto move
the stationarymoleculefrom a centeredosition. For example,in dockingsto a fragmentof cytochromec oxidase
thefaceof the fragmentthatis connectedo the membrane-boungortion wastranslatedo the bottomof the grid,
leaving availablemorespacdn thegrid for the moleculebeingdocled.

3a. Scripts, utilities used

$DOT_ROOT/bin/s hare /p db_mé&ke _center ed mol.pdb > mol.cen.pdb

This finds the geometriccenterof the moleculeand writes a newv PDB file with the sameatomsbut moved so the
molecules centeris atthe point (0,0,0).

DOT 2 User Manual CVS $Ild: du-prep-allh.te x,v 1.14 2008/04/02 03:52:04 vickie Exp $

.4 Protonation with REDUCE (allh files)

The script “dot2-prep-mol-common”called by prepscript,usesthe programREDUCEto add hydrogenatoms,both
polar and nonpolar to the alreadycenteredcoordinates. Within prepscript,given a starting PDB file, for example
mol.pdb,the PDB file createdby Reducewill benamed:

mol.cen.allh.pd b - the centered PDBfile with all hydrogen atoms

WhenReduceprotonateghe macromoleculeit determinesa reasonablg@rotonationstatefor His and Cys sidechains
from thelocal ervironment.

For protonation 3 problemsneedto be considered:

1. Theappropriatestateof the N-terminalresidueof a peptidechain.
2. Protonatiorstateof residuedike His andCys.

3. Protonatiorstateof unusuafunctionalgroups.

ReduceautomaticallyassignsN-termini as positively chaged IF the residuehasresiduenumberl. Othercases
requirespecialconsiderationseebelon. INCORRECTPROTONATION OF N-TERMINI is themostlikely reasorfor
anonintgral chage on a proteinwhentheatomicpoint chagesareassigneqseeSectiorda.).

For atrueN-terminalresiduethe N-terminusshouldbeanaminogroup(-NHs), consistingof atomsN, H1, H2, and
H3, that contritutesan overall chage of +1 to theresidue.For a true C—terminalresidue the C-terminusshouldbe a
carboxylatggroup(-CO,), consistingof atomsC, O, andOXT, thatcontributesanoverallchageof -1 to theresidue.The
termini of the coordinate®ftendo not representhetrue endsof the protein;therecanbe disorderedegionsattheends
of oneor bothterminithatarenotin the PDB coordinatesThesemissingresidueshouldbe indicatedoy a REMARK
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465,MISSING RESIDUESIn thePDBfile. If theterminiarenotthetruetermini,they shouldbeunchaged. Theeasiest
wayto dothisis to leave theterminiasstandarcdaminoacids.Creatinga neutralN-terminusrequiresmanipulatiorof the
PDB files createcby ReduceseeSectionda.). In someproteincoordinatesthe lastresidueof a peptidechainincludes
an OXT atom,eventhoughit is not the true terminus. If you know the C-terminusshouldbe unchaged, remove the
OXT atom.

Reducealsochecksfor the properorientationof GIn and Asn side chains,determineghe protonationstateof His
residuedrom thelocal ervironment,andlooksfor andcorrectsstericclasheswvithin themacromolecule.

4a. Protonation of N-terminal amino acidsin proteins

In proteins,we call N-terminalresiduesall thosethatdo not have a cwalentbondpetweerthe main-chainN atomand
aprecedingC=0 group,definedin Reduceby a C—N distancebetweert* and** A. N-terminalresiduesnclude

1. thetrue N-terminusof a peptidechain
2. thestartingresidueof a peptidechainwhereprecedingesiduesaremissing

3. aresiduein themiddle of a peptidechainwhencoordinategor the precedingcovalently bondedresiduearenot
in the PDB file, asin adisorderedoop.

For true N-termini, we wanta -NHj3 group (positively chaged); for other N-termini we wanta -NH group (neutral),
forming a completeresiduebut with anincompletecovalentshellfor theN atom.

Casel: Residuenumberl is the true N-terminusof the peptidechain. This caserequiresno userintervention.
REDUCEwill, by default, add 3 hydrogenatomsto residuel of a peptidechain, creatinga positvely chaged-NH3
group.Threehydrogeratomswill ONLY beaddedf REDUCEdetermineshattheN atomis notattachedo apreceding
C=0 group(distancecriterion). For example,if the proteinchainis numberedlA, 1B, 1, 2,...,REDUCEputsthe-NHj3
groupon thefirst residue,1A. In the next stepof “dot2-prep-mol-common”the presencef the N-terminalhydrogen
atomswill beusedto determinghatthisis apositively chagedN-terminalresidue andthecorrespondingpartialatomic
chageswill beassigned.

Case2: Thepeptidechainbgginswith aresiduehaving aresiduenumberotherthanl andtheuserwantsthisresidue
to have a positively chaged-NH3 groupat the N-terminus.This caserequireseditting the users customizedgrepscript
sothatReducewill addhydrogeratomsasdesired.Edit thecall to dot2-prep-mol-commofor theappropriatenolecule
by addingthe “Nterm” flag, asindicatedin the commentine above the call. The“Nterm” flag is feedinto the Reduce
commandine.

Example:My stationarymoleculestat.pdbbeginswith residuenumber82 andthis residueshouldhave an-NH3 group.
Within “prepscript”,| edittheline thatcalls“dot2-prep-mol-commonto procesghe stationarymolecule:

dot2-prep-mol-c omman -r Nterm82 -p stat.pdb -l $reslib -w stationary

With this commandall residueswith residuenumberslessthanor equalto 82 will have 3 hydrogenatomsaddedto
their N atom, but only if thereis no preceding,covalently bondedC=0 in the coordinatefile. Warning: If thereare
multiple chainsin the stationarymolecule Reducewill add3 hydrogeratomsto all the N-terminalresidueswith residue
numbers32 or less.Reducedoesnot considerchainIDs.

Case3: The N-terminalresidueis not the true startof the chain, so it shouldbe neutralto avoid introducingan
inappropriatepositive chage whenatomic chagesareassigned.The goalis to put a single hydrogenatomon the N
atomof thisresidue.This caserequires

e makinga customizedrersionof “dot2-prep-mol-commonfor the molecule
e editting“prepscript”
¢ edittingthe PDBfile createdby Reduce.

Currently REDUCEaddsno protonsto a backboneN atomwhenthereis no precedingC=0 AND theresiduenumber
is not 1 AND the-Ntermoptionis not specified.To achiere our goal, we mustmake Reduceadd3 hydrogenatomsto
thebackboneN atom,theneditthe PDB file madeby REDUCEwith all hydrogenatoms.
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Example. Our starting stationarymolecule coordinates,stat.pdb,begin with residue82 which is preceededy a
disorderedN-terminal peptidethat is missingin the PDB coordinatefile. Therefore,we want residue82 to have a
neutralchage N-terminus.First, copy dot2-prep-mol-commofrom $DOT_ROOT/bin/shareto the coordsdirectoryof
our projectandgive it auniqguename;

cd projdir/coords
cp $DOTROOT/bin/share /d ot 2- pre p- md- comma dot2-prep-mol-s tat

Secondedit“dot2-prep-mol-statby addinga “pause”commando allow editting of
stat.cen.allh.p db

the PDB file createcby REDUCE. The “pause”commandshouldbe insertedafter Reduceis run (creatingthe *.allh*
file) but beforenon-polarhydrogensareremoved. For our case the pausecommandwvould be:

pause ’'correct protonation state of residue 82
And thiswould beinsertedn our customized'dot2-prep-mol-stat'to readasfollows:

grep ERRORS$reduce log > /dev/null
exit _if _matches found $? reduce reported an error, $pgm quitting, see $reduce _log
exit _if _file _missing _or _empty $cen _allh _pdb

pause ’'correct protonation state of residue 82
echo Remove non-polar  hydrogens

Third, edit prepscripto call our customizeddot2-prep-mol-stat”.

../dot2-prep-mo I- stat -r Nterm82 -p stat.pdb -l $reslib -w stationary

Now run prepscript.Prepscripwill pauseafterrunningReducewith themessage
correct  protonation state of residue 82

Reducewill have added3 hydrogenatomsnamedH1, H2, andH3 to the N atomof residue82. To make the neutral
N-terminus,atomsH1, H2, andH3 of residueB2 needto bereplacedoy asingleH. Edit stat.cen.allh.pdbo remore H2
andH3, andchangethe nameof H1 to H, the standardackboneamideprotonname.Make surethe’H’ andtherestof
thefieldsontheline arein the correctcolumns.Then,resumeprepscripty typing enter(or return).

Cased: Thereis adisorderedoop in the middle of the proteinchain,suchthata peptidesegmentis missing. This
createsa residuewith no preceding,covalently bondedC=0 groupin the middle of the peptidechainthat shouldbe
built asa neutralresidueto avoid introducinginappropriatgositive chagein the protein. The goalis to have a single
hydrogematomonthe N atomfor thisresidue As for Case3, this caserequires

e Making a customizedversion of “dot2-prep-mol-common’for the moleculein which a “pause” commandis
insertedafterthe“allh” PDBfile is madeby Reduce.

e Editting “prepscript”to addthe appropriateflag for Reduceandcall the customizedversionof “dot2-prep-mol-
common”.

¢ Edittingthe PDBfile (*allh*pdb) createcdby Reducevhenthe“pause”’commandpauseprepscript.

If prepscripis runwithoutthesechangesReducewill notaddary hydrogematomsto theN atomlackingthe preceding,
covalentlybondedC=0 groupandthetotal chage for theresiduewill notaninteger (awarningin prepscript)AND the
total chage for the peptidechainwill notaninteger (anerrorthatwill causée‘prepscript”to halt).
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Examplel: Coordinate®f my stationarystat.pdlaremissingtheN-terminalpeptide with thechainbeginningatresidue
82, andmissingthe loop segment,residuesl00-120.Sol wantresidues82 and121 eachto have a neutralN-terminus
with the N atom having a single proton. As in Case3, | make a customizedcopy of “dot2-prep-mol-common'that
includesa “pause”statemenafterthe stat.cen.allh.pdb:

cd projdir/coords
cp $DOTROOT/bin/share /d ot 2- pre p- md- comma dot2-prep-mol-s tat

insertingthe “pause”’command

pause ’'correct protonation state of residues 82 and 121

Then,| editprepscriptto call the customized'dot2-prep-mol-stat”.

../dot2-prep-mo I- stat -r Nterml2l1 -p stat.pdb -l $reslib -w stationary

Reducewill thenadd 3 hydrogenatomsto the N-terminusof ary amino acid with a residuenumberup to 121 that
is not precededy a C=0 group.Whenprepscripis called,it will pauseafterthestat.cen.allh.pdbile is createcandthe
usereditsbothresidues82 and121,replacingtheatomnameH1” with “H " anddeleting“H2” and“H3".

Example2: Coordinate®f my stationarystat.pdibegin atresidue82, whichis thetrue N-terminus andarealsomissing
theloop segment,residuesl00-120.So | want residue82 to have a positively chaged N-terminusandresiduel21to
have aneutralN-terminuswith asinglehydrogenatom.| proceedasin Examplel, but when“prepscript” pausesl only
needto editresiduel21,replacingtheatomname*H1” with “H " anddeleting“H2” and“H3".

4b. Protonation statesof His and Cys

Reducehandlegprotonationof standardtatesof His andCyswithout intervention. Dependingon pH andernvironment,
theimidazolering of His canbeprotonateaneitherND1 or NE2 (neutral)or onbothND1 andNE2 (positively chaged).
In addition,the two possibleorientationsof the imidazolering shouldbe examined(180 degreering flip), since,atthe
typical resolutionof crystallographigroteinstructuresthe two orientationscannotbe distinguishedrom the electron
densityalone.REDUCECconsiderdothorientationof theimidazolering whenit determineshemostlikely protonation
state[]. For DOT, we suggestnakingHis residuegositively chagedonly whenthereis a compellingreasorfor doing
S0, suchasa His residuein which both ND1 and NE2 form hydrogenbondswith carboxylategroups,suchasthose
of Asp andGlu. Reduceakesthis conserative approachusuallyaddingonly oneH atomto thetwo N atomsof the
imidazolering. ReducealsorecognizesvhenHis is ligatedto a metalion, andaddshydrogenatomsappropriately The
usercanuseothermethodsto determinethe His protonationstate,including algorithmsthat attemptto determinethe
pKa. For anisolated,neutralHis residueat pH 7, protonationon NEZ2 is slightly morefavorablethan protonationon
ND1. Somemolecularmodelingprograms suchaslinsight (Accelrys)usethis asthe default protonationstateat pH 7.
Sofar, Reduces methodof basingthe protonationstateon thelocal environmenthasgiventhe bestdockingresultswith
DOT.

Cys can be both free (protonatedon SG) or form a disulfide (no hydrogenatom). REDUCE determinesthe
protonationstatebasedon local ervironment. Reducealso recognizesvhen Cys is ligatedto a metalion, and adds
hydrogenatomsappropriately

4c. Reducegeometrycheck: HIS, ASN, and GLN sidechains

At the resolutionof crystallographigroteinstructuresthe two possibleorientationsof the His imidazolering andthe
sidechainamidesof Asn and GIn cannotbe distinguished.Reducechecksthe hydrogenbondingenvironmentof the
crystallographiorientationandthe 'flipped’ position(180degreerotation),andscoresvhich oneis best.Reducehen
creategheflippedcoordinatesif neededandaddshydrogeratoms.In theHis imidazolering, thepositionsof CD2 and
ND1 areexchangedndthe positionsof CELandNE2 areexchangedn theflipped conformation.For AsnandGin, the
N andO atomsof thesidechainamideareexchangedIn theReducemodeusedby prepscriptthesidechainsareflipped
only whenthe ervironmentindicatesa clear preferencdor the 'flipped’ orientation. We have found that the defaults
usedby Reducework well. The usermay be interestedn usingReduceinteractvely throughthe Molprobity web site
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(http://molpr obity.biochem.duke.edu), wherethe usercanview the two orientationsn the proteinenvironmentand
selectwhich shouldbeused.

4d. Reducegeometrycheck: Steric problems

Reduceauseshehydrogenatomsthatit addsto checkfor stericproblemsandappliessmallmotionsto the sidechainsto
relieve them.

4e. Residuesother than standard amino acids

Thesegroupsinclude functionalizedamino acids,cofactors,DNA residuesmetalions, etc. REDUCEIs likely to do

reasonablgob, especiallythe CONECT recordsfrom the PDB file areretained.We have testedReduceon HEM and

DNA residuesalthoughwith therecentchangesn the PDB, thenamef residuesn DNA andRNA is amess.Reduce
hasa utility to addnew functionalgroups(seeReducedocumentation)The usermaywantto try addingH atomsfirst

to new functionalgroupsandthenmalke a customizedrersionof

dot2-prep-mol-c ommm
in whichthe call to pdh.dehydrogen)which removeshydrogemtomsin the startingPDB files, is commenteaut.
DOT 2 User Manual CVS $Id:  du-prep-polh.te x,v 1.7 2008/04/02 03:52:04 vickie Exp $

1.5 Createfileswith heavy and polar H atoms(polh) and RES namesfor chargelibrary

Thescript“dot2-prep-mol-common’calledby prepscripttakesthe centered®DB files with all hydrogeratomscreated
by REDUCE (allh files), andselectsall the heary atomsplusthe polar hydrogenatoms(polh files), therebyremoring
all of the nonpolarhydrogenatoms. Polarhydrogenatomsarethoseattachedo N, O, andS. For commonvariantsof
standardaminoacids, unigueresiduenamesare assignedasedon the protonationpattern. Currently prepscriptcan
figure out commonvariantsof His andCysresiduesandwhetheranaminoacidis at the N- or C-terminusof a peptide
chain. For a startingmoleculenamedmol.pdb,theinputfile is the centered® DB file with all hydrogeratoms:

mol.cen.allh.pd b
andthefile createds the centered® DB file with polarhydrogenatomsandadjustedesiduenames:

mol.cen.polh.pd b

Why? The currentDOT enegy termsand chage libraries are balancedfor using atomic chage setsbasedon
heary atomsplus polarhydrogenatoms.Therefore nonpolarhydrogeratomsmustbe strippedfrom the coordinate
files. Sinceeachvariantof a residuehasits own chage distribution, eachmusthave a uniqueresiduenamethat
correspondso its entryin thechage library, sothatpartialatomicchagescanbe correctlyassigned.

5a. His, Cys,and N-terminal amino acid residues

Prepscriptautomaticallyassignsuniqueresiduenamesto commonvariantsof His and Cysandto chagedaminoacid
residuesat the N- or C-terminusof a peptidechain. For His, the variantsarerecognizedy the protonationpatternsof
theimidazolering.

HISorHIE Protonate®n NE2

HID Protonatedn ND1

HIP Protonatedothon ND1 andNE2
For Cys,variantsarerecognizedy the protonationof SG:

CYS Freecysteineprotonatecbn SG

CYX Cysteinethatis partof adisulfide,no hydrogeratomaddedo SG
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ChagedN- andC-terminiof peptidechainsareidentifiedby
N-terminus.exampleALAN Presencef atomslH, 2H, and3H
C-terminusgxampleALAC Presencef atomOXT
For example,if anaminoacidresidue sayAla, includestheatomtypeslH, 2H, and3H, prepscriptwill assignt as
beinga positively chagedN-terminalresiduewith theresiduenameALAN.

5b. Charges- shouldadd up to correctformal charge

DOT 2 User Manual CVS $Id:  du-prep-xyzq.te x,v 1.4 2008/04/02 03:52:04 vickie Exp $

1.6 Moving moleculeshape(.xyz)

The script “dot2-prep-mol-common”,called by prepscript, createsthe “.xyz” file, which containsthe centered
coordinate®f theheary atomsof themolecule.This DOT inputfile defineshemolecularshapeof themoving molecule.
Eachline of the“.xyz” file hasfields X, Y, Z (in Angstroms) Example.xyz file fragment:

-24.004 10.540 13.354

14.847 -1.450 26.429
23.264 -49.230 39.562

For example,for our startingmoving moleculecoordinatesiov.pdb,the centeredxyz file is

mov.cen.noh.xyz

which hasthe samenumberof atomsasmaov.cen.noh.pdb
Thisfile is createdn dot2-prep-mol-common.

pdb to xyz mov.cen.noh.pdb > mov.cen.noh.xyz

DOT will readthe .xyz file andthenmapeachcoordinateof the moving molecule(heary atomsonly) ontothe nearest
grid point.

.7 Moving moleculepartial atomic charges(.xyzq)

Thescript“dot2-prep-mol-common’calledby prepscriptcreateghe“.xyzq” file, which containsall heary atomsand
polarhydrogeratomsandtheir partialatomicchages.This DOT inputfile defineshe chage distribution of themoving
molecule.ln the“.xyzqg" file, eachline hasfields X, Y, Z (in Angstroms) andpartialatomicchage. Example.xyzqfile
fragment:

-24.004 10.540 13.354 -0.9

14.847 -1.450 26.429 0.8

23.264 -49.230 39.562 1.2

For example,for our startingmoving moleculecoordinatesiov.pdb,the centeredxyzqfile is

mov.cen.polh.xy Zq

which hasthe samenumberof atomsasmaov.cen.polh.pdbThisfile is createdn dot2-prep-mol-common.

pdb to xyzq mov.cen.polh.pd b > mov.cen.polh.xyz q
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DOT will readthe.xyzqfile andtheninterpolatethe partialatomicchagesof themoving molecule(heary andpolar
hydrogemtoms)over the eightnearesgrid points.

1.8 Creating newfunctional groups

For new functionalgroupsthe userwill have to edit the outputpolh file to assignnewn residuenameshatidentify the
functionalgroupuniguely To dothis, theusermust

1. Make a customizedatomicchage library thatcontainshe new functionalgroup
2. Make a customizedrersionof dot2-prep-mol-commothatincludesa “pause”’command

3. Edit prepscriptto call the customizedlot2-prep-mol-common

addthe pausecommand(section**) to the prepscripftfile, sothat prepscriptpausesvhile the usereditsthe polh
file. For example,a PDB file containsa Cysthatis a Cu ligand. The CYS residuenameis in the original PDB file and
ReducehasCYS in its library and correctly protonateghe residue. Reducecorrectlyaddsno protonto the CYS SG
becausé&keduceadentifiesthe SG-Cubond. Prepscriptiutomaticallyidentifiesthis CYS asCY X dueto the protonation
pattern.However, theuserknows thatCYS asa Culigandshouldhave anoverall chage of -1, ratherthanbeingneutral
asit is in adisulfide. The usercreatesa new residueentryin the chage library, CYM, with appropriatepartialatomic
chages.Theusertheneditsthe outputpolh file to changehe CYX residueto CYM, sothatthe correctatomicchages
areassigned.

8a. Other functional groups

If thereareotherfunctionalgroupsor moleculessuchascofactors,presenin the PDB file, theusershould

Checkto seeif this groupis in thechagelibrary.

Checkthatthe atomandresiduenamesn thelibrary andthe PDB file match.

If neededcreatenew entryin thechagelibrary with a uniqgueRESnameandpartial chagesandatomicradii.

Checkthetotal chage ontheresidues asexpected.

CheckthatReduceaddshydrogematomsappropriately

Checkthatthe correctpolarhydrogematomsappeain the polhfile.

Assignmentof partial atomic chagescan be straightforvard from examinationof the currentchage library. For
example,if | hadthe partial atomicchagesassignedor CYM, a Cysligatedto Cu, but | needCYM with a chaged
C-terminus] would createCYMC, which addedtypical chagesfor the-CO, group.

Onetheotherhand,theatomicchagesfor CYM itself aremoredifficult andbeyondthe scopeof the DOT software
package.For a cofactor a quantummechanicgprogramsuchas Gaussian(**) could be used. Somecofactors,such
asHEM, have publishedsetsof point chages, becausearametrizatiorof thesefunctional groupshasbeendonefor
moleculardynamicssimulations.Complex functionalgroups,suchasmetalclustersrequirecomplec calculations

TheDOQOT teamhaschage librariesfor DNA basesandHEM groupswe arehappy to sharewith you, justemailus.

DOT 2 User Manual CVS $Id:  du-prep-gridsiz et ex,v 1.7 2008/04/02 03:52:04 vickie

J Determining grid size

Optimally, the moving moleculein ary orientationshouldfit in the grid surroundinghe stationarymoleculewhenthe
two moleculesare close. This ensureghatthe moving molecule,when closeto the stationarymolecule,will not be
influencedby the shapeor electrostatigropertiesof the stationarymoleculesn adjacentells. The default grid spacing
is currently 1 A. We have foundthata grid spacingof 2 A is too coarseto give goodresultswith macromoleculesnd
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alsogivesa poorapproximationof the electrostatigotentialof the stationarymolecule.A grid spacingsmallerthanl
A'is not computationallyefficient for macromoleculeslf the useris looking at small moleculedockingover a smaller
region of spacea finer grid spacingmaybe needed.The rotationsetsprovidedwill give arotationalsearchfor asmall
moleculecomparablédo thetranslationakearchwith smallgrid spacing.Thedefaultis a cubicgrid.

J.1 Default method basedon molecular diameters

To ensurghatthe moving moleculesitsinsidethe grid surroundinghe stationarymolecule prepscriptsalculates
S + 2M

where S is the largestlengthfor the stationarymoleculein X, Y, or Z and M is the largestdiameterfor the moving
molecule.Prepscripthenselectghegrid sizethatis closesto, but largerthan,this sum.

J.2 Sizesefficient for the calculation.

Grid sizesof 64, 128, 160, 192, 224, and 256 are most efficient for the FFT calculation. The calculationtime is
proportionalto

NlogN

where N is the numberof grid points. A grid size of 128 takes about9 timeslongerthana grid of 64 anda grid
sizeof 160takesabout2 timeslongerthana grid of 128.

Larger grids alsotake longerfor the electrostatigpotential calculation(using APBS or UHBD), and grids larger
thanabout200-cubedneedto run the electrostaticcalculationon computerswith more than 2 gigabytesof memory
(not just swap spacelo finish in areasonabléime (anhour). For a given grid size, APBS takes several-fold lesstime
thanUHBD, but hasmuchlarger memoryrequirementsFor example,runningAPBS usinga 256-cubedyrid needs3.6
gigabytesvhereas 192-cubedyrid needonly 1.6 gigabytes Finally, whenyou usetheoptionsthatprepscripsupplies,
grid dimensionghataremultiplesof 32 work bestfor APBS.

J.3 Userselectionof grid dimension

Theusercanoverridethegrid sizecalculatedoy prepscripby usingthe-d parameteim thegendot prepscriptommand
line. For example

gen _dot _prepscript -m moving.pdb -s stat.pdb -d 128

will createa prepscriptwith a grid size of 128. For a coupleof testcaseswe have found that the grid size nearest,
but smallerthan,the moleculediametersumabove givesalmostidenticalresultsat a decreasedomputationatost.

J.4 Scripts, utilities used
DOT 2 User Manual CVS $Id: du-prep-stat.te x,v 1.2 2007/11/13 07:07:45 vickie Exp $

K Prepscript: Stationary molecule

The shapeandelectrostatigpotentialsdescribingthe stationarymoleculeare more detailedand moretime-consuming
to calculatethanthoseof the moving molecule. NOTE: It is essentiathat both potentialsare calculatedin the same
coordinatespace!Prepscriptriesto ensurethis by controllingtheinputfile coordinateshatareused.For example,for
the startingstationarymolecule stat.pdbthe coordinatdfile

stat.cen.polh.p db
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is usedto createthe electrostatigotentialgrid, andthe coordinatdile
stat.cen.noh.pd b

is usedto createthe shapepotential. BesidesnecessarpOT utilities, creatingthe potentialfiles requiresthe programs
MSMS, for creatingmolecularsurfacesandAPBS (or UHBD), for calculatingthe electrostatigotential.

DOT 2 User Manual CVS $id:  du-prep-grid.te x,v 1.9 2008/05/09 04:57.58 mpExp $

K.1 Calculate Electrostatic Potential for Stationary Molecule (dx)

The electrostatigpotentialgrid is currently calculatedoy APBS. Prepscriptcreateshe parametefor ‘command’)file
andrunsAPBS. (PrepscriptanuseUHBD insteadyun

prepscript --uhbd

) Thefollowing parametersor calculatingthe electrostatiqpotentialare setup in prepscriptand canbe editedby the
user:
potionstr=150 lonic strengthmillimolar
pot.maxits=500 For UHBD only

The APBS calculationcantake mary minutesto run. The following line in prepscriptrunsthe script“dot2-prep-
potgrid-apbs”which liststhedefault APBS parameterssetsup the APBS parametefile (.in file), setsup thecoordinate
file readby APBS which containsthe atomic coordinatespartial chages,andatomicradii for eachatom (heary and
polarhydrogenatoms)in the stationarymolecule,andrunsAPBS, creatinga log file andthe electrostatiqotentialgrid
(.dxfile).

Example:For our startingstationarymoleculestat.pdbthe coordinatesisedfor the electrostaticalculationarethe
centerectoordinatesith polarhydrogenatoms

stat.cen.polh.p db

For a grid 128 A on a side (1 A spacing)with the calculationdoneat 150 mM ionic strength,the APBS input files
createdoy “dot2-prep-potgrieabs” arethe parametefile

stat.cen.128.15 Oma pbs.i n
andthe atomicposition/chage/ralius file
stat.cen.polh.x yzqr
Outputfiles arethe electrostatigrid
stat.cen.128.15 Omd x
andthelog file
stat.cen.128.15 Oma pbs.l og
Prepscriptheckshatthetotal chage calculatedoy APBS s anintegerby looking atthe APBS|log file. If thetotal
chagein the APBSlog file is notaninteger, prepscripwill stop.Evenif thetotal chageis aninteger, it isagoodideato
checkthatthechageis correct,look for “Net chage” in the APBSIog file. This chage shouldbethesameasprepscript
calculatedn thelastline of the .xyzqfile. Note: As arun-aloneprogram APBS calculateghe electrostati@otentialfor

ary setof coordinatestaking X, Y, Z, chage,andradiusasinput. APBS doesno internalcheckingof whethermresidues
arecomplete.Thewiseuserwill checkthe expectedchage onamoleculegiventhenumberof chagedsidechains(Lys,
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Arg, Asp, Glu), the chage stateof the termini, the protonationstateof His (asdeterminedy Reduce)andthe chage
dueto cofactors,andcomparehatchage with thosecalculatedoy APBS andin the .xyzqfile.

Prepscriptcontrolsthe size of the grid usedby APBS so thatit is compatiblewith the DOT calculation. The grid
dimensionsn APBS arethe DOT dimensionglusone.For example,for our DOT calculationdoneon a grid 128A on
asidewith 1 A grid spacingfor stat.pdbthe APBSinputfile madeby prepscript

stat.cen.128.15 Oma pbs.i n
hasparameters

grid 1.0 Grid spacing
dime 129 129 129 Grid dimensions in the x, y, and z directions

Otherparameter$or APBSaresetto besimilarto the UHBD parameterthatwereusedto balancehe electrostatic
andshapetermsin DOT. The usercandecideto alter theseparametershut we have found that differentparameters
influencethe magnitudeof the electrostatigotentialover partsof the grid, particularlynearthemolecularsurface. This
couldeffectthe balanceof the electrostati@andvanderWaalsenegy termscalculatecoy DOT.

DOT 2 User Manual CVS $Id:  du-prep-xyzcrv. tex v 1.6 2007/11/21 22:19:41 mpExp $

K.2 Stationary ShapeDescription (xyzcrv)

The shapeof the stationarymoleculeis describedby an excludedvolume surroundeddy a 3 A favorablelayer (the
xyzcrvfile). The programMSMS is usedto createthe surfacesthat are usedto definethesevolumes. MSMS rolls a
probespherdgdefaultradiusof 1.4,&) overthevanderWaalsradii to generate continuousmoothsurfacerepresentation
of themolecule.

PrepscripinvokesDOT utilities to createthe neededMSMS surfaces determinethe grid pointsinsideandbetween
thevolumes assignvalues,andcreatethe stationarymoleculeshapepotentialvolumefile readby DOT.

e Sphereswith center radius,value that will be mappedonto grid by DOT The volumeis specifiedby a list of
sphereghatDOT readsandfills in in theorderthey appeatin thefile.

e Excludedvolume - all grid pts inside molecularsurface The shapepotentialis basedon volumesinside and
betweenmolecularsuriacesmadewith the MSMS program. Two surfacesare made: 1) the solvent-ecluded
(‘molecular’ or Connolly) surface,and2) a molecularsurfaceformedusingatomswith their vander Waalsradii
expandedby 3 Angstrom. As above, only the nonhydrogeratomsof the coordinatesare used. All grid points
within thesetwo surfacesare determinedthosebetweenthe two surfacesare assigneda favorablevalue,those
insidethe solvent-excludedsurfaceareassignednunfavorablevalue. Theresultinglist of grid pointsandvalues
is thexyzcrvfile readby DOT to build theshapepotentialgrid. Thesefilestypically have 50,000to 100,000ines.

e Favorablevolume- all grid ptsbetweermolecularsurfaceandsuriacemadewith 3A extendedatomicradii.

¢ Additional atom-relategropertieccanbe added.

Themolecularsurface(solvent-exccludedor Connollysurface)is usedto definetheexcludedvolumeof themolecule,
with all grid pointsinsidethis volumedefinedas“forbidden” (F). An expandedmolecularsurfaceis madeby adding3
A to the radiusof eachatom. Grid pointsinsidethis surface,but outsidethe solvent-eccludedsurface,aredefinedas
“attractve” (A). NOTE: All surfacesaremadeusingthe heary atomsonly, no hydrogenatompositionsareincludedin
thecalculation.

Example:For our startingstationarymoleculestat.pdbtheinputfile for the molecularsurfacesis:

stat.cen.noh.pd b

Thecall to generatehe .xyzcrvfile in prepscripts:
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gen xyzcrvs  ccp.cen.noh.pd b $xyzdim $xyzdim $xyzdim $xyzstep \
2>&1 tee gen xyzcrvs.log

wher°e$xyzdim arethex, y, andz dimensionof the grid and$xyzstepis the grid spacing(prepscriptassumes default
of 1A).
Theresulting.xyzcrvfile, in our example

stat.cen.noh.xy zcrv

is a free-formattext file, eachline of which hasfields X, Y, Z, Action Code,radius,and optional value to be filled
into the spherewith thatcenterandradius.

1. X, Y, and Z are the coordinatesfor the spherecenter in Angstroms,in the centeredstationarymolecules
coordinatesystem.
2. TheAction codeis oneletter:

o Ffor ‘forbidden’ (the excludedinterior volume,replacesary previousvaluesin the spheres volume)
e A for ‘attractive’ (favorablevanderWaals,doesnot replaceforbiddenregion),

¢ R for ‘replacewith attractve’ (favorablevan der Waals,regardlessof previous value)Sfor ‘sum’ (replace
with sumof previousvalueandspecifiedvalue,doesnotreplaceforbiddenregion)

3. Theradiusof thespheran Angstroms.If smallerthanthegrid spacingonly the singlenearesgrid pointwill be
filled in.

4. An optionalvaluecanbeused.Normally this is omittedbecausdt is determinedy the Action Code;seedotio.c
for detailsanddotio.hfor theactualnumericvalues.Currently thesearel for attractve (A) and1000for forbidden

(F).
Example.xyzcrvfile fragment:
24 1 13 A 0.1

24 2 -4 AO1
24 2 -3 AO1
24 2 -2 AO1
24 25 A 01
17 2 -2 F 0.1
17 2 -1 F 0.1
17 2 0 F 0.1

17 2 1 F 01

17 3 -6 F 0.1

In thistypical case thespheresll have aradiusof 0.1A, thereforefor thedefault grid spacingof 1 A, includeonly
a singlegrid point. Thesearetheforbiddengrid pointsthatweredeterminedo lie insidethe solvent-excludedsurface
andtheattractve grid pointsthatweredeterminedo lie betweerthe solvent-excludedandexpandedsurfaces.

The.xyzcrvfile typically has50,000to 100,00dines,whichareall thegrid pointsassignedsforbiddenor attractive.
Thegrid pointsthatarenot assignednAction Codeor valuein the .xyzcrvfile have thevalueO.

Theconstructiorof the .xyzcrvfile makesit easyto addadditionalatom-relategroperties.

Example,if it is known that a region of the stationarymoleculeis not available for the incoming molecule,the
automaticallyassignedttractve layerin this region canbe overwrittenby:

e Selectingthe atomsor secondangtructureelementdhatrepresenthis surface.
¢ Creatingsphere®f forbiddenareacenteredattheseatoms.
¢ Appendingthesespheredo the.xyzcrvfile createdby prepscript.

DOT 2 User Manual CVS $Ild: du-prep-clampin gt ex,v 1.2 2007/08/16 06:30:11 mp Exp $
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K.3 Electrostatic Clamping Values

Theelectrostaticlampingvaluesarecalculatedoy prepscriptandinsertednto the parametefile it generates.

PrepscripinstructsDOT to performatechniqueknown aselectrostaticlamping;theinterestedeademay consult
Robertsetal. [?] for athoroughexplanationof the rationale.We usethevanderWaalsvolumefile for the stericpartof
thedockingproblem.However, therearewell-documentegroblemswith usingthe electrostatipotentialatthevander
Waalssurface.We alsodefinea solventaccessiblsurfacewhichis anexpansionof thefirst basedn a solventradiusof
1.4 Angstromsdefinedin genxyzcrvs.We will calculatethe electrostatiqpotentialat the solventexcludedsuriace. The
maximumrangeat this surfacearethenusedasthe clamplimits fo the potentialat the vander Waalssurface. This has
the effect of smearingout unrealisticallyconcentrate@¢hage atthe surface.

DOT 2 User Manual CVS $id:  du-prep-parmfil et ex,v 1.4 2008/05/09 04:57:58 mp Exp $

L DOT Parameter File (.parm)

Onceall themoleculeinputfiles have beengenerateduccessfulhyasindicatedby the presencef thefiles abore andary
messagedisplayedprepscripthencreatesampleDOT ‘.parm’ files thatspecifythe DOT calculationto be performed.
TheDOT distributionincludesatemplateor theDOT 2.0parametefile in $DOT_ROOT/data/dot_parm_template.
Thedefault valuesareusedunlessthey aresetexplicitly in prepscript.The grid dimensionsgrid spacingsthelocation
of the four structurefiles, and clampingrangeare setby prepscript. When proposeddoclked structuregpenetratehis
surfacethe moleculesmay be thoughtto bumpinto eachother In fact,to allow for flexibility notcapturedoy our rigid
modelwe mayallow a specifiechumberof "bumps”in our results.This numberwill be specifiedn the dot.parnfile.

DOT 2 User Manual CVS $Id:  du-prep-files.t ex, v 1.7 2007/11/21 22:19:41 mp Exp $
(emptydu-prep-files.te file)
DOT 2 User Manual CVS $Ild: du-prep-checks. tex ,v 1.3 2007/08/16 06:30:11 mpExp $

M  Prepscript checksthr oughout processing

Although, at this point the userhasmostassuredlyprovided appropriateinput files, a little error checkingcouldnt
hurt. Prepscriptill checkfor the existenceof wateanda particular but common,non-polarhydrogen.Also, sincethe
structureshouldcontainthe polar hydrogenswe alsocheckthatthefile containsat leastsomehydrogens.Thesetests
will only find the mostcommonerrorsin the pdbfiles.

M.1 Not ableto find REDUCE, APBS,MSMS

M.2 Error reported by REDUCE

M.3 Problemsremoving nonpolar H atoms (striph)

M.4 Molecular description files not made correctly (most commonproblemiis file is empty)

M.5 Non-integral molecular charge

M.6 Largepositive or negative +20) molecular charge

M.7 Grid dimensionscould not be calculatedor too big.

Sinceprepscriptenterghecoordinatesvith addedpolarH atomsandplaceshe centerof massatthenearesgrid point,
the midpointof thesecenterediles shouldbe off by no morethan1A from 0,0,0. Thefiles without polarH atomswiill
vary slightly from 0,0,0. Notethatif you endup recenteringsaydiscover laterthatyou weremissingsomeatoms,add
them,andrecenter) ALL of theDOT inputfilesfor thoserecenteredoordinatesnustberemade.
It is very important that the moving molecule is quite close to centered.
How to check the midpoints:
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pdb\_to\ xyz < centered\_pdbfi le > | minmax > pdbfile.minmax

Comparehefirst few lines of the centered®DB files, with andwithout polarH atoms.Thex,y,z coordinate®f the
heary atomsshouldbe exactly thesame.

M.8 APBS not running properly
8a. PDBto XYZQ

Typically, programsthat are usedto calculatethe electrostatigpotentialarounda moleculeutilize a PDB file for the
moleculeand and appropriateresiduechage library. Here we assumethe use of the includedchage library. The
residuesandatomsarelookedupin thislibrary andwrittento anXYZQ file which containghe coordinatesndchages
of themaoving molecule.

Verfication: For the .xyzq file (moving molecule)checkthatthe .xyzqfile (lastline) agreeswith your calculation.
Checktherewereno errormessages the .xyzqfile. Checkthe beginning of thefile, arethe coordinatesxactly the
sameasthe correspondind®DB file? For this testof prepscript,| would alsoremove all the commentlines from the
xyzqfile (make a temporaryfile), checkthe center(just minmax jtmpfile¢,),which shouldbe exactly the sameasthe
centered?DB file, andcheckthatthe 4th column(chage) addsup properly

For example:

awk {t+=$4}END{pr int t} tmpfile.xyzq

will  sum the 4th column of the file tmpfile.xyzq. To remove all the extra (comment
lines) in the .xyzgq file using wvi, try,

:%g/ #/d

Thisremovesall linesthatstartwith '#'

M.9 Problemwith determining clamping values- uhbdgrd_lookup_xyz
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DOT
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A Sampleinput file

Theeasiestvayto startDOT is by invoking rundot,a scriptwe provide. You alwaysneeda DOT parametefile andthe
four inputfiles discusseabove. If you arerunningin ‘parallel mode’,on morethanonecomputeryou needa ‘hosts’
file, seelaterin this section.rundot will examinethe parametefile anduseit to createanew directory(folder) for each
run, namedaccordingto the date,time, andparametersised.Thesefolderswill be placedin the projects ‘runs’ folder,
whichwill becreatedf it doesnotitself alreadyexist.

*** rundotoptions****

B Most likely to changeparameters- no. of orientations, number of allowed bumps

DOT's functionsare controlledfrom a parametefile, which DOT readsat the beginning of arun. Youwill likely use
several parametefiles during a researctproject,with differentnumbersof allowed bumps(atom-atonclashes)fewer
or morerotationsto try, andsaving differentnumbersof results.In general startout with no bumps,just afew hundred
rotations(or just onerotation),andsave only the best2000results. After you have examinedthe outputof theinitial
shale-dawvn run, increasehe numberof rotations(smallerdegreespacingimplies morerotations)andsave perhapshe
best200000r moreresults.

Small moving moleculesneedfewer rotationsto sampleadequateltheir orientation,large moleculesneedmore.
Table*** shaws therotationfiles provided in the DOT distribution. As arule of thumb, choosea rotationstepthatis
aboutthe sameasthe 3-D diagonalof your grid, which is v/3 x gridspacing. For example,if your moving molecule
hasaradiusof 15angstroms}] angstrongrid spacing(1.7 angstronB-D diagonal)would subtendl.7* 60 degrees(per
radian)/ 15= 6 degreessothe”deg06.eul’file would be appropriate.

Table** Rotationfilesincludedin DOT distribution

Spacing Numberof File name
(degrees) Orientations (in $DOT_ROOT/data)

4 232020 deg04.eul
4 12869 deg04.nearl80.eul Rotationsin rangel75to 180degrees
6 54000 deg06.eul
8 27000 deg08.eul
10 14400 deyl0.eul
12 9000 degl2.eul
20 1800 deg20.eul
72 60 deg72.eul
90 24  deg90.eul
360 1 zero-rotation.eul
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It is bestto make your parametefileswith namesneaningfuko you,wefind apatternik e “udgugi.dg06.nb10.parm”
to work well; indicatingthatthe stationarymoleculeis udg,themoving moleculeis ugi, therotationspacings 6 degrees,
andthe numberof allowedbumpsis 10. NotethatDOT ignoresthe file nameandjust looks atthe content however.

We find it easiesto make changesy copying to a new nameandeditingthe copy. For example,prepscripts parm
files save the 2000best-rankd placementsTo save 200000f them,copy the sampleparametefile (thatprepscriptwill
have madefor you asstatm.deg06.nb0.parmjo a namesuchasstatme.deg06.nb0.best2@D.pam . Edit thatcopy
andchangeheline
outputhow_mary_bestvalues2000
to
outputhow_mary_bestvalues20000

If your moving moleculeis small, you might not needasfine a rotationspacingasthe 6 degreesthat prepscript
parmfiles use. Supposeyou decidel0 dagreesis sufficient; copy statma.deg06.nb0.parnto statma.deg10.nb0.parm
andchangedeg06to deg1Qin theline
rot_file $DOT_ROQOT/data/dg06.eul.

To allow tenbumps,changehe0to 10in theline
mov_atomsin_statinterior_limit O

Section*** givesdetailsonthemary otherparameterfor DOT but thesethreeare(by far) theonesmostcommonly
changed.

C Molecular description files neededby DOT
Theparametefile alsonameghefour necessarinputfiles for DOT:
mov.cen.polh.xyzq electrostatichagesof atomsof moving molecule
stat.cen.polh.*.apbsgrd electrostatigotentialof stationarymolecule
mov.cen.noh.xyz vanderWaalssphere®f maoving molecule

stat.cen.nolh.xyzcv shapepotentialof stationarymolecule

D Running DOT

D.1 Singleprocessomode

Youneedonly aDOT parametefile andthefour inputfiles discussedbore.
rundot parmfile optional commentsor log
Theseoptionalcommentswill beappendedo $projdir/dotruns.txt

D.2 Multiple processorssuchasa workstation farm

You needa DOT parameteffile, the four input files discussedabore, and a “hosts” file that lists the namesof the
computergo run DOT on,oneperline.
rundot parmfile —hostsdot.hostsoptional commentdor log

If you have a ‘dual processori(or ‘quad’, or more) computer like a recentMacintosh“Intel Core Duo” or a new
Sun,you canuseall the processingoresby makinga hostsfile thathasyour computemame(type "hostname™to see
whatit is) in it multiple times: for example,if your computeris named’dopey”, make a hostsfile with two lineslike
this (but usedopeg.local on a Macintosh):

dopey
dopey
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Try four copieson a quadprocessqrandsoon. [The MPICH manualtells otherwaysto do this, but this is simple
andworksquitewell for DOT’slooseparallelism.]

You canmix differentcomputerplatformsin your hostsfile aslongasDOT hasbeencompiledandinstalledfor that
computertype, the DOT 2.0 releasancludesintel Linux, Pover-PC and Intel Mac OS X (Darwin), and SunSFARC
Solaris.For example,if yourlocal network hasanIntel Linux named’'dopey”, a Paver-PC Macintoshnamed’happy”,
andaSunSolarisnamedbashful”, justmake a 3-linetext file nameddot.hostsn yourDOT projectdirectorycontaining:

dopey

happy
bashful

We have hadbestresultsputtingfirst the nameof the computeryou're startingDOT on, but pleasdet usknow how
thisworksfor you. (Onceyou getgoingandyou have mary machinedisted,you cancommentoutonesyoudont want
for aparticularrun by puttinga™#” in front of thoselines.)

Be surethe $DOT_ROOT directoryaswell asyour DOT projectdirectory are mountedon all the hosts. We use
NFS (Suns network file system)for this but ary local areasharedile systemshouldwork (let usknow of problemsor
successeglease).

Finally, you mustbe ableto run programson all of thesehostsfrom the start-uphostwithout having to type your
passverd. Be sureof this by typing (for example):
sshhapyy date; sshbashfuldate

If you cannotdo this usingssh,try againusingrsh: rshhapyy date; rshbashfuldate
If rsh works but ssh does not, set the ervironment variable PARSHCOMMAND to rsh (sh/bash: export
P4 RSHCOMMAND-=rsh;csh/tcsh:setenP4A RSHCOMMAND rsh) beforetrying to run DOT in parallel.

You can learn about how to set up your ssh and rsh ervironments so they do not require pass-
words, seethe MPICH web documentation,especially http://www-unix.mcs.anl.ggmpi/mpichl/docgmpichman
chp4/nodel27.htm#Notlg7 andhttp://www-unix.mcs.anl.ggmpi/mpichl/docsimpichman-chpd/node 128 htm#Nowk128
Seealsothediscussiorin the"Installation” chapterof this manual.

If you are unableto get either "ssh” or "rsh” to work without passwrds, seethe MPICH "chp4” manualto
setup a securesener. The MPICH manualalso describesseveral fancierand more flexible ways to run DOT in
parallel;in particular you cansetup (once)a "machines”file thenrun DOT using”mpirun -np ..", seehttp://www-
unix.mcs.anl.ga/mpi/mpichl/@cs/mpchman-aipd/mpchman-aipd.htm You can also run DOT on a Beawulf-style
computerclusteror on a massvely parallel supercomputesuchas an IBM BlueGene;pleaseemail the DOT help
line (dot-help@sdsc.edddr help.

D.3 Multiple processorssinglesupercomputer

Theprocedurevariesamongthe supercomputecenters CCMS hasexperiencewith BlueGeneandwe areeagetto help
you but cannotoffer written instructionsyet.

E DOT actionsoninput files
E.1 Stationary moleculeshapepotential (.xyzcrv)
1. Mapontogrid
2. Forbidden- default value1000
3. Why anotherForbiddenvaluemight be needed
4. Forbidden- needdo belargerthanmaxnumberof M atomsin favorablelayer

5. Attractive - defaultvaluel
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E.2 Moving moleculeshape(.xyz)
1. Coordinate®f moving mol. heary atomsaremappedntonearesygrid pointby DOT

2. Why notinterpolatedProblemswith excludedstat. mol volume

E.3 Stationary moleculeelectrostatic potential (.apbsgrd)

1. Electrostaticclamping- whatandwhy

2. Interior zeroing- whatandwhy

E.4 Moving moleculepartial atomic charges(.xyzq)

1. Atomic chagesinterpolatedontoneares8 grid pointsby DOT

2. DistributesM atomicchage betterover grid - slightly betteranswers

F  What DOT computes

F.1 vander Waalsenergy

e Countof numberof M heary atomsin favorablelayersurroundingS
¢ Counttimes-0.1kcal/mol to give interactionenegy

e Sfavorablelayer3 A thick.

F.2 Electrostatic energy

e Stationarymolecule:elec.pot. grid madeusingPoisson-Boltzmanmethods

e Moving molecule:partialatomicchages

¢ Intermoleculaklec.enegy calculatedasmov. mol partialchagesin elec. pot. of stationarymol.
e Elec.pot. gridis createchy APBS

e Chagelibrary usedfor bothS andM haschagesfor heary atomspluspolarH model

e Library currentlyhasaminoacids,pluschagedN andC terminifor all.

e Library currentlyhasDNA nucleicacids,plus5 and3 terminifor all

o APBScommandile generatedby prepscript

G DOT parameters

dot2.parm DOT parametefile DOT’sfunctionsarecontrolledfrom a parametefile, which DOT readsatthebeginning
of arun.
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G.1 SampleParameter files

G.2 Parameter Reference(Table)

Dot 2 parameters Id : dot2 — parameters.tex,v1.42007/12/0701 : 17 : 03mpEzxp
Commonly-use@ndrequiredparametersrein bold.

parameter type default notes

dot.version string none Parametefile formatidentifier (ignored)
fftw_plan string "patient”  Expertsonly, also”estimate”,”"measure”
do_logNmege boolean false Usefor massvely parallelruns(BlueGene)
fussy boolean true Haltif likely mistalesaredetected
dot_grid _size int 128 X,Y,Z sizeof thegrid in grid points
sizex int 128 X sizeof thegrid in grid points

sizey int 128 Y sizeof thegrid in grid points

sizez int 128 Z sizeof thegrid in grid points
dot.grid_step float 1. (Angstroms)

stat_pot_file flename ™ APBS,UHBD, or DelPhigrid file
stat.vdw_file filename ™ xyzcrv shapdile

stat_pdb_file filename ™ pdbfile - passedo evaluatedot.run
mov_charge file filename ™ xyzqfile

mov_vdw_file filename ™ xyz file, defaultis mov_chage file data
mov_pdb_file filename ™ pdbfile - passedo evaluatedot run
rot_file filename ™ Euleranglefile

out_base string basenamefor all outputfiles
stat_pot_clamp_high float +6. Max electrostatigotentialvalueused
stat_pot_clamp_low float -6. Min electrostatigotentialvalueused
statpot.interior_scale float 0. Expertsonly, interior electrostaticscaling
statpot.interior_zero boolean true Synorym for statpotinterior_scale0.0
statvdw_interior float 1000. Expertsonly, sets’forbidden” value
vdw_weight float -0.1 vanDer Waalsenegy termweighting
electrostatioveight float 1.0 electrostatienegy termweighting
mov_atomsin_statinterior_limit integer O how mary bumpsto allow
do_partition.sum boolean false computepartitionsum("free enegy”)
partition.sumtemp float 300.0 Kelvin

do_enegy boolean false Retaingrid of bestenepgy pergrid cell
do_bgrids boolean false Automaticallyimpliesdo_enegy
do_histograms boolean false

outputlog_detail integer 1 Values4 to 8 areresonable
output_how_many_bestvalues integer 200 how mary globally-bestEnegiesto retain
outputhow_mary_per.gridcelLbestvalues integer O Also called’saved bestvalues”
outputhow_mary_partition.sumbestvalues integer  unlimited Effective only if do_partition.sumis true
outputall_Ethreshold float -1000. Expertsonly, reportevery enegy < this

” " " o

Note: Dot acceptstrue”, "yes”, "on”, or "enabled’to setbooleandrue; Dot interpretsanything elseasfalse.
Note: Dot sourcecodegenerallyusesvariablenamedifferentfrom theseparms.
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G.3 Parameter Guide

Parameter'mov_atomsin_statinterior_limit’.  Setsthe maximum number of moving molecule atoms allowed to
penetratéhe stationarymolecules excludedvolume. Informally calledthe numberof bumps.

Parametetvdw_weight’. Setstheweightingin thecompositeenegy of thevanderWaalscount(numberof moving
moleculeatomsinsidethestationarymolecules favorablelayer). Thedefaultis -0.1,sothateachmoving moleculeatom
in thefavorablelayercontritutes-0.1 kcal/molto the van derWaalsenegy. We have foundthatthis default providesa
goodbalancewith the electrostatienegy term.

Parameteroutput how_mary_bestvalues’. Savesthetop N solutions,including multiple solutionscenterecat the
samegrid pointwith differentorientations.This betterrevealsclustershatmayindicatecorrectsolutions.Not available
if DOT wascompiledwithout HEAP option.

Parameteroutputall_Ethreshold’.Saresall solutions,including multiple solutionscenteredat the samegrid point
with differentorientationsyith enegiesmorefavorablethanthe specifiedhreshold.Needgo beusedcarefullyto avoid
outputtinga very large numberof solutions.

Parameteroutput hov_mary_per.gridcelLbestvalues’. Savesthetop N placementsaken from thelist of the best
ranked solutionat eachgrid point. In otherwords,if two solutionscenteredat the samegrid point but with different
orientationswverehighly ranked, only the onewith the bestenegy wasincludedin thelist. Not availableif DOT was
compiledwithout OLDSORT option.
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Evaluation

DOT 2 User Manual CVS $id: du-evalrun.tex, v 1.7 2008/02/14 04:35:38 vickie Exp $

A After DOT run:

$projdir >cdruns

$projdir/runs > Is

$projdir/runs >(date.time).statma.nb=(# of bumps).(rotations)

Therewill bealist of DOT resultsdirectoryfor eachsimulationrun eachwill containthefollowing files. runmpidot
hosts

statmov.dot2.parm

date.run
kill _remote processes.sh
statmov.*.log
statmov.topN.e6d
statmov.top200.ace.d=6.0val.e6d ***
statmov.all.e6d

log

B evaluate dot_run

If DOT finisheswithoutreportingerrors,therundotscriptautomaticallyrunsa secondscript,evaluatedot run, to create
PDB files for aninitial evaluation.You canalsorun evaluatedot.run later asmary timesasyouwant, by giving it the
nameof thedirectoryto do the evaluationin (suchasruns/20070927.2361jcg2rsa.deg06.r0)

The evaluatedot run script providedin $DOT _ROOT/bin/sharewill createnew directoriesin theruns/... directory
namedtop30pdb,top30ace6-pdband top30ace9-pdb The top 30 raw DOT moving moleculeswill bein top30pdb
namedmov.0001.pdbmov.0002.pdbetc.,where‘'mov’ is the nameyou gave to your moving molecule. Thesearethe
top 30 asreportedby DOT’s built-in electrostatic+ quick van der Waalsterm. The evaluatedotrun will alsoscore
the top 2000DOT placementausingthe sumof the DOT electrostaticenegy andan empirical“ACE” term basedon
atomtypes|[?], with botha 6 Angstromand9 Angstromcutof. The ACE-rescoredop 30 moving moleculeswill
bein top30aceDDD-pdimamedmov.NNNN.pdb,whereNNNN is their original DOT rankingandDDD is the cutof
distance(6 or 9 here). The evaluatedot.run script also makes, in thesetwo directories,a combofile containingthe
C-alphabackboneatomsonly, separatedy TER recordsnamedtop30.ca.pdandtop30ace.ca.pd{The 6 Angstrom
cutoff might be betterfor evaluatingdockingsof boundstructuresor thosewith little conformationachangeandthe 9
Angstromcutof betterfor systemsshaving morechangeuponbinding[?])

You mustexamineand comparetheseagainstthe centeed stationarymolecule,not the original one you supplied
to prepscript. You will find this file in your coords/stat/stat.camohpdb (where‘stat’ is the nameyou gave to your
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stationarymolecule).Therundotscriptalsomakesa copy of it, by thatname,in theruns/...directoryatthe conclusion
of eachsuccessfuDOT run.

You eventuallywill wantto customizeevaluatedot.run. To do this, copy it from $DOT_ROOQOT/bin/sharento your
projectdirectory(cp $DOT_ROOT/bin/sharefealuatedot run .), make it executable(chmod+x evaluatedot run), and
modify it asyouwish. Whenrundotfindsanevaluatedot runthere,rundotwill runit in preferenceo thedefaultversion
in $DOT_ROQOT/bin/shargor, in fact,in preferenceo ary otherfoundin your $path).

C Future: filesto evaluate DOT run
D logfiles

E e6doutput files

name.topNNN.e6d

F Quick comparisonof centerand orientation

Distanceof the centerand orientationfrom a referencevalue - usefulfor comparisonswith the correctsolutionor a
preferredsolution.Needsonly the DOT outputfile of solutions(translationsandorientationshotthefull coordinates.

G Creating PDB files

pdbgemmoav.cen.noh.pdishortnamdfile.e6d]

H RMSD valuesbetweenPDB files

RMSD differencesamonga set of possiblesolutions. Useful for identifying similar solutionsamongthe top few
solutions.Requiresmakingthe PDB files, with atleastCalpha positions.

| Bump-checking PDB files

Requiregnakingthe PDB files.

J Residue-residueinteractions

Usefulfor comparisorwith a known solutionor a preferredsolution. The methodusedto evaluateresultsin the CAPRI
competition.Requiresmakingthe PDB files.

K Re-ranking by ACE scores

Example:re-rankthetop 20,000DQOT resultsby sumof ACE potential(usingdefault options)andDOT electrostatics,
thengeneratd’DB files of thetop 20:
e6dfirst 20000statma.top20000.e64
| *ace* ../../coords/stat/stat.cen.pdh./coords/m@/mov.cen.pdb\
| e6d sortbyE_elec+ACE®G\
| e6dfirst 20\
| pdbgenmov.cen.pdimov
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L Distancefiltering

A distancdilter is usefulin applyingknown biochemicaldata,suchasthata specificresidueor setof residuegie in the
interface.

The basictool is the DOT utility dotxyzfilte whoseamgumentsare a distance,a count, a stationaryxyz file, a
moving moleculexyz file, andaninpute6dfile. It passeshrough(ie, filters) any e6dplacements$or which atleastcount
stationaryatomsarewithin the specifieddistanceof oneor moremoving moleculeatoms.

Hereis anexamplescriptthatfindsary placementsvheremoving residue228's CZ atomis within 6 Angstromsof
stationaryresidue96'’s CD atom. (Note all theseexamplesassumehey arerun in the directorythatholdsyour results,
suchasruns/20080704.statmmb0

#!  /bin/bash

statmol=stat.ce n. noh. pdb
statres=96

statatom=CD
movmol=mov.cen. noh. pdb
movres=228

movatom=CZ

# create .xyz files

# working file name, eg stat.228.CZ.xyz

statxyz=${statm ol %.*} .$s tatr es.$ sta ta to m.xyz

pdb_resnum $statres  $statmol | pdb_atomtype $statatom | pdb_to xyz > $statxyz

movxyz=${movmol %.*} .$ mowre s. $novato m.xyz # working name

pdb_resnum $movres $movmol | pdb_atomtype $movatom | pdb_to xyz > $movxyz

# run filter, input from statmov.top200 0. e6d, output to statmov.filter .e 6d

# Filter will  pass any e6d placements that have

# one or more of the specified moving molecule atoms

# within 6 Angstroms of any of the specified stationary molecule atoms

count=1

distmax=6

dotxyZzfilter $distmax $count  S$statxyz  $movxyz < statmov.top200 0. e6d > statmov.filter

# generate PDB files of top 30 that pass filter
e6d_first 30 statmov.filter. e6d | pdbgen $movmol filter

Hereis a fancierexamplescriptthatfindsary placementsvhere5 or moreC-alphaatomsin stationaryresidue25
to 33 arewithin 6 Angstromsof ary atomin moving residue228,240,or 293. Without the-r flag, it would reportthe
“reverse”; ary placementvhere5 or more atomsin moving residues228 etc werewithin 6 Angstromsof ary of the
C-alphaatomsin stationaryresidue25to 33.

#!' /bin/bash
statmol=stat.ce n. noh. pdb
movmol=mov.cen. noh. pdb

# create xyz files
statxyz=${statm ol %.*} fi It er. xyz # working name
pdb_resrange 25 33 $statmol | pdb_ca | pdb_to xyz > $statxyz

movxyz=${movmol %.*} .f ilt er .x yz # working name
pdb_resnum 228 240 293° $movmol | pdb_to xyz > $movxyz

# run filter, input from mov.top2000.e6 d, output to mov.filter.e6d
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# filter will  pass any e6d placements with

# any five or more stationary atoms within 6 Angstoms of any moving atom

count=5

distmax=6

dotxyZzfilter -r $distmax $count  $statxyz  $movxyz < statmov.top2000. e6d > statmov.filter.e

# generate PDB files of top 30 that pass filter
e6d_first 30 statmov. filter. e6d | pdbgen $movmol filter

Theoutputof onefilter canbe pipedinto anothersinceeachwritesto standardutputandreadsfrom standardnput.

You canalsoconcatenatéhe outputfrom filters, however, theincominge6dfiles musthave the samefields (alimitation
of thee6dfile format).

The dotxyZzfilter utility hasoptionsto countthe moving insteadof the stationaryatoms,or to reportonly boolean
results;run

dotxyxfilter --help

M Creating AVS etc. visualization input files
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Chapter 7

DOT Utility Programs

DOT 2 User Manual CVS $id:  du-utils.tex,v 1.2 2008/05/09 04:57:58 mp Exp $

A Intr oduction

The DOT distribution includesa setof programsintendedto help setup andevaluateDOT runs. About half of these
arescripts(writtenin a blendof csh,bash,andawk), andabouthalf arecompiledprogramgwrittenin C or C++) The
scriptsareinstalledin $DOT_ROOT/bin/shareandthe programsn $DOT_ROOT/bin/SARCHOSVY whereARCHOSV
is one of the supportedplatformsfor DOT suchassun4SunOS5As long asyour $PATH includesboth of these,you
will nothave to worry aboutwhich is which, justtypethe name(or write it into your own scripts)andit will work.

Most of theseprogramswere written by the CCMS team, but we drawv your attentionto ‘reduce’, which is from
thelaboratoryof David andJaneRichardsorat Duke University written by JMichaelWord. We encourage/ou to cite
theirwork in any publicationsthatresultfrom your useof DOT, alongwith thework of the APBS,MSMS, FFTW, and
MPICH teamd(see'Acknovledgementssectionof this manual).

Thefollowing is an admittedlytelegraphicrundavn of theseprogramsfor mostof themyou cantype their name
followed by “~help”. The scriptsoftenhave moreinformationin them,which you canlook at with ary editor, andthe
sourcefor the compiledprogramswill befoundin the DOT installationdirectory$DOT_ROOT/src/util.

ace-desolation-oo (compiledprogram)computesiesohationvalues

acevalues-oo (compiledprogram)

dotxyzfilter (compiledprogram)evaluationdistancefilter

bgrid_info (compiledprogram)inspectyseldomused)DOT binarygrid

bgrid_minmax (compiledprogram)inspectyseldomused)DOT binarygrid

bgrid _sort (compiledprogram)sorts(seldomused)DOT binarygrid

cornvert-uhbd-grid _to_bgrid (compiledprogram)creategseldomused)DOT binarygrid
bgrid _bestenegy (compiledprogram)inspectgseldomused)DOT binarygrid
analyze-triangles (compiledprogram)checksfor degeneratdriangles,usedby prepscript
compare-edges (compiledprogram)checkstrianglelist edgesfor datadehugging
compare-faces (compiledprogram)checksrianglelist facesfor datadelugging
compare-verts (compiledprogram)checkstrianglelist vertices for datadehugging
create-triangles (compiledprogram)creategrianglelist from MSMS output

expand-triangles (compiledprogram)enlagestrianglesby normals**?

46



Needhelp?Email dot-help@sdsc.edu

matrix _to_eul (compiledprogram)convertsrotationmatricesto DOT eulerangles
fill-double-hull  (compiledprogramfills region betweerpolyhedra

fill-hull ~ (compiledprogramfill region within polyhedronusedby prepscript
print-half-edges (compiledprogram)**?***

6dtoxfm (compiledprogram)corvertsxyz-eulerto 4x3 matrix

e6d.closeness (compiledprogram)reportsangleand translationbetweenxyz-eulervaluesand specifiedtalget. See
alsoe6dclosestande6dselectby_dist angle.

e6d.closest (compiled program)finds xyz-eulervalueswithin specifiedtolerancesof a specifiedtamget. Seealso
e6d closenessnde6d selectby dist angle.

e6dexpand (compiledprogramfills cubicalgrid from e6dfile, for visualization

orient_survey (compiledprogram)checkseulerfilesfor completenesandnon-redundanc
ACE-script-oodot2 (script)runsACE evaluationwith specifiedoptions

Analyze-MSMS-script (script)**??2**

Expand-tri-script  (script) **?7?**

Fill-double-hull-script  (script) runsfill-double-hull with specifiedoptions

Fill-hull-script  (script) runsfill-hull with specifiedoptions

MSMS-exp-script (script)**??2**

acenames (script) corvertsPDB atomnamedgo internal ACE codes

apbsgrd.lookup_xyz (script)findsvaluesin anapbs.dx grid, usedby prepscript

archosv (script)reportswhatcomputemplatformit is runon, usedby prepscript

bgrid _to_avsfield (script)converts(seldomused)DOT binarygrid for AAVS visualiazatiorprogram
createhostfile (script)makesanMPICH p4pdfile from simplifiedinput, usedby prepscript
createpdpgentry (scriptymakesanMPICH p4pgentryfor a specifiechost, usedby prepscript
dot (script)currentlyout-of-datescriptto run DOT on supercomputers

dotOmatrix (script)convertsobsoleteDOTO euleranglesto rotationmatrix

dotmatrix (script)corvertscurrentDOT 2 euleranglesto rotationmatrix

dot_pdb_e6d.eval_-rmsd (script)computesRMSD in angstromdbetweenra target moleculeanda moving moleculeas
positionedby xyz-eulervalues.

dotpause (script)putsa DOT runto sleepon theusers workstation

dotresume (script)resumes dotpause-dOT run

dot2-prep-gridsize (script)computessizeof grid for arun, usedby prepscript

dot2-prep-mol-common (script)computediles neededor bothmoving andstationarymoleculesusedby prepscript
dot2-prep-potgrid-apbs (script)computeslectrostatigotentialgrid usingAPBS, usedby prepscript

dot2-prep-potgrid-uhbd (script) computeslectrostatigotentialgrid usingUHBD, usedby prepscript
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dot2.setup.bash (script) setsusers executionpathto includeDOT programgbashshellversion)
dot2.setup.csh (script)setsusers executionpathto includeDOT programgC-shellversion)
eb6d.append.expression (script)addsmetadatdield to e6dheadeblock

e6dfirst (script)selectdirst N entriesfrom ane6dfile

e6d.nonsimilar (script)quickly eliminatessimilar placementérom ane6dfile

ebdselectby (script)selectsentriesthatmatcha criterionfrom ane6dfile

ebd.selectby_dist_angle (script) quickly selectsplacementsrom an e6dfile that are within a distanceandangular
tolerancdrom a specifiedtarget. Seealsoe6d closenessande6d closest.

e6dsort_by (script)sortsane6dfile by a specifiedfield. Intendedto beusedin a pipelinefollowed by e6dfirst.
evaluate_dot_run (script) basicpost-DO-run evaluation,creates? DB files of moving moleculeasplacedby DOT
expand.environment variables (script)expands$VAR if VAR is anervironmentvariable,usedby rundot
eul_to_matrix (script)corvertsDOT eulerangleto rotationmatrix

genapbscom (script)generate®\PBSinputcommandile from template usedby prepscript

genuhbd_com (script)generate&JHBD inputcommandile from template formerly usedby prepscript
gendot_parm (script)generatea DOT parametefile from atemplatein $DOT_ROOQOT/data

gendot_prepscript (script)generatesile ‘prepscript’ customizedo users moving andstationarymoleculenames
genxyzcrvs (script) makesstationarymoleculeshapedescriptiorfile, usedby prepscript

gentestuhbdgrd (script) createsilummyUHBD gridsfor softwaretesting

hostlist to_mpichhosts (script)corvertslist of computersnto form neededy MPICH, usedby prepscript.
minmax (script) reportsminimumandmaximumvaluesin afile, field by field

minmaxmean (script) reportsminimum, maximum,andmeanvaluesin afile, field by field

pdb_atom (script) PDBfile filter thatpasse®nly atoms,notheaders

pdb_atomhetatm (script) PDB file filter thatpasse®nly atomsandhetatomssnot headers

pdb_ca (script)PDBfile filter thatpasse®nly C-alphaatoms,usedby evaluatedot.run

pdb_cat with ter (script) ConcatenatespecifiedPDB files, insertinga TER (chaintermination)recordin between
each,usedby evaluatedot.run

pdb_dealtloc (script)PDBfile filter thatpassesnly thefirst of ary ‘alternatdocations’for anatom,usedby prepscript.
pdb_dehydrogen (script) PDB file filter thatremovesall hydrogenatoms,usedby prepscript.

pdb_dewater (script) PDBfile filter thatremaovesall watermoleculesusedby prepscript.

pdb_make_centered (script)centersa PDB file by geometricooundingbox, usedby prepscript.

pdb_renameresby_hydrogens (script)renamesesiduesn a PDB file accoringto their polarhydrogenpattern,used
by prepscript.

pdb_replaceselenium (script) PDB file filter thatrenameseleniumatomsto sulfurs.
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pdb_rmsd_matrix (script)printssquarematrixof RMSD valuesbetweerall pairsin aspecifiedsetof PDBfiles, which
musthave the samenumberof atomsin the sameorder Evaluationtool.
pdb_rot (script)rotatesa PDB file by specifiedrotationmatrix aboutthe origin.
pdb_rottrans (script)doespdhrot followedby pdhtrans,g.v.
pdb_to_boxcenter (script)computesoundingbox of PDB file
pdb_to_acenames (script) corvertsPDB atomnamego ACE internalcodes
pdb_to_dot (script)**?7?**

pdb_to_uhbd (script) renamesPDB (pre-version-3)hydrogensto form acceptableéo UHBD (essentiallyAMBER
names)alsoclearschain-idcolumn.

pdb_to_vol (script)**??**
pdb_to_xyz (script)printsthex,y,z coordinate®f eachatomin aPDBfile, usedby prepscripfor themoving molecule
pdb_to_xyzatomres (script)printsthex,y,z coordinatesatomtypes,andresiduetypesof eachatomin aPDB file.

pdb_to_xyzcrv (script) computesthe DOT stationarymoleculeshapedescription,including forbiddeninterior and
attractve vdw layer, usedby prepscript.

pdb_to_xyzq (script)printsthex,y,z coordinatechage [andoptionally radius]of eachatomin aPDBfile. Thevalues
comefrom the AMBER-style ‘rlb’ file in $DOT_ROOT/data/uhbd.amber84.prot.rimlessa differentlibrary is
specified.

pdb_to_xyzqr (script)printsthex,y,z coordinatechage,andradiusof eachatomin aPDBfile. Thechagescomefrom
theAMBER-style‘rlb’ file in $DOT_ROOT/data/uhbd.amber84.prot.nimlessa differentlibrary is specified.The
radii comefrom the MSMS-stylefile in $DOT_ROOT/data/atmtypenumberslot currentlyusedin DOT.

pdb_to_xyzr (script)printsthex,y,z coordinateandradiusof eachatomin a PDB file. Theradii comefrom the MSMS-
stylefile in $DOT_ROOT/data/atmtypenumber&lsedby prepscriptfor the MSMS calculationsof the stationary
moleculevolume.

pdb_trans (script) translatesa PDB file by specifiedtranslationvector usedby prepscript. Seealso pdh.transand
pdh.rottrans.

pdbchecksulunit (script)**??**
pdbdiameter (script)reportslargestradialdimensionof a PDB file, usedby prepscript.
pdbfromdot (script)**??** old versionof pdbgen?

pdbgen (script)makesa maving-moleculePDB file for eachplacementn an e6dfile, assigningeacha namederived
from its original rankingin the DOT runthatmadethe e6dfile.

rundot (script) userlevel scriptto run DOT in an automaticallycreatednew subdirectory with logging of the run
includingusercommentary

striph  (script) PDB filter that removes non-polar hydrogens, retaining polar hydrogens (as defined in
$DOT_ROOQOT/data/uhbd.amber84.prot.nlimlessa differentlibrary is specified.)

uhbdgrd_limit  (script) replacesout-of-boundssaluesin a UHBD electrostatig@otentialgrid.
uhbdgrd_lookup_xyz (script)findsvaluesin auhbd.grdgrid, formerly usedby prepscript
uhbdlog_to_xyzq (script)reportsatom-by-atonthagesafter UHBD programhaslookedthemupin its library. Useful

for deluggingAMBER-stylelibraries.
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vol_to_xyzcrv  (script) **?7?2**
xyzg_check ok (script)verifiesthattotal chageis integral andwithin reasonabléimits, usedby prepscript.

Xyzq.xyzr_to_xyzqrxml (script) meges separately-computedhage and radius files into input suitablefor apbs
program.Not currentlyusedby DOT.

xyzqgr_to_xyzqgrxml (script)cornvertsx, y, z, chage, radiusfile into input suitablefor apbsprogram.

50 Octoberl, 2008



Chapter 8

DOT Installation

DOT 2 User Manual CVS $ld: du-installdot.t ex, v 1.23 2008/05/09 05:27:44 mpExp $

A Intr oduction

Welcometo DOT! Thefollowing instructionsprovide a basicovervien of asimpleDOT installationon your system.

The DOT distribution consistsof a singletarredandzippedfile containingpre-compiledbinariesandtwo external
librariesfor your particularplatform,aswell asshellscripts,two of threeneededxternalprogramsuserdocumentation,
andtheDOT?2 license.

We currentlyoffer binariesfor the RedHat Intel Linux platform aswell ascommandine binariesfor Mac OS X
(both Intel and PowverPCprocessors)andfor SFARC Solaris8 (SunOS5). For all othersystemsyou will needto
compileandinstall from source.Pleasdeel freeto contactthe Dot helpline, dot-help@sdsc.eduegardingary issues
or requests.

B DOT Installation Quick Start Guide

In theinstructionsthatfollow we areassuming/ou will beusingthe bashshell.

You may install DOT in your homedirectoryor, if you have root accesgo your machine you may install DOT in
{usr/local/binor anequallyappropriatdocation.

We recommend/ou unpackthe distribution in a directorythatis mountedon all computemlatformson which you
expectyour usergo run DOT, suchasaglobally exporteddirectoryon anNSFfile sener. If youdothis, youruserswill
beableto run DOT on the platformsincludedasbinariesin our distribution with very little moreinstallation.

After unpackingthe distribution, you will needto setthe DOT_ROOQOT ervironmentvariableto the directoryof the
unpacled distribution. In the following example,we install DOT into a directoryoff our homedirectoryandrenameit
dot2.0:

tar xfz DOT2.0_betaO.tar.Z

mv DOT2.0_beta0 dot2.0

export DOTROOT="$HOMEdot20 ~
cd $DOTROOT

Pleasenotethatif you aregoingto compilefrom source seethe configure/ma& instructionsat the endof this chapter

In ary caseyouwill still needto downloadthe MSMS programand(if youwantto run DOT in parallelon multiple
CPUs)to configureandmake MPICH: seebelow for instructions.

C What isin the DOT distrib ution

The distribution containsthe DOT executablesfor both single and multi-processomruns, shell scripts necessaryto
generatdOT inputandanalyzeDOT output,two pre-compiledexternallibraries:
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1. theMessagdPassingnterfacelibrary (MPICH, versionl.2.7plhttp://www.mpich.og) neededor multi-processor
(parallel)runs.

2. theFastFourier Transformlibrary (FFTW, version3.1.2http://wwwfftw.org) neededor all DOT runs.
andtwo of thethreeexternalprogramsequiredto generatddOT input:
1. APBS,1.0.0,21 April 2008,from http://sourcefaye.nd/projecs/gbs, suppliedwith the DOT distribution.

2. Reduce, version 3.13.080428, from http://kinemage.biochem.Keiedusdtware, supplied with the DOT
distribution.

3. MSMS, downloadfrom http://mgltools.scrippsdudownloads, NOT in the DOT distribution, seebelow.

DOT and DOT utilities are in $DOT_ROQT/bin. The bin subdirectorycontainsa “share” subdirectory which
containsplatform-independerghell scripts. The bin subdirectoryalsocontainsplatform-specificsubdirectorieswhich
eachcontain compiled DOT, DOT utilities, APBS, and Reduce. Executablesare available for the following four
platforms,with theindicatedsubdirectorynames:

1. Intel Mac OS X, subdirectoryi86Darwin8

2. PaverPCMac OS X, subdirectoryppcDarwin8
3. Intel Linux, subdirectoryi86Linux2

4. SUnSPARC Solaris8, subdirectorysun4SunOS5

The directory namesare generatedy the script'$DOT_ROOT/bin/share/archosv’.This script is run whenyou
run the scriptto createDOT input or the scriptto run DOT. It queriesthe computeryou are on andreturnsa string
$ARCHOSVaccordingly sothatthe correctexecutabldas foundfor your machinearchitectureandoperatingsystem.|f
you wantto checkthatexecutablesreavailablefor your computertype:

$DOTROOT/bin/share/ ar chosv

Theresultingstring shouldmatchoneof thedirectorynamesn $DOT_ROOT/bin listed abore.

Notethatthe Mac OS X executabledave beencompiledon Mac OSX 10.4Tiger (Darwin 8). However, they work
alsoon 10.5Leopard(Darwin 9), thereforewe have set'archosv’to report'‘Darwin8’ on Darwin 9 (Leopard).

Also includedin thedistribution arethe $DOT_ROQOT subdirectories;src” and“data”.

D External programsneededto createDOT input files

D.1 Generaluutilities: shell,awk/gawk

DOT utilities are eithercompiledprograms(which areinstalledin $DOT_ROOT/bin/$ARCHOSV),or are written as
shell scripts(which areinstalledin $DOT_ROOT/bin/share).Many of theseshell scriptsinvoke standardJnix/Linux
utilities, includingawk, bashcsh,head ail, sort, m4, sed,grep,rm, anddate.Noneof theseshouldbea problem,but if
you find incompatibilies)et usknowv. The‘'m4’ program(usedby gendot prepscripticomeswith Mac OS X, but only
if youinstallthe DeveloperTools,sowe supply‘m4’ in thedistribution, in theappropriatesDOT_ROOT/bin/...Darwin..
subdirectory Someof the scriptsneeda versionof ‘awk’ that hascertaincapabilitiesandis called ‘awk’ on some
platformsand‘nawk’ onothersthescriptsfirst try to use'nawk’ andif ‘nawk’ is notfound,they use'awk’. In all cases,
GnuAWK ‘gawk’ canbeused.A few of DOT’s newestanalysistools usethe “Ruby” programminganguage.lf you
needto run dot pdh e6deval_-rmsdor pdh.rmsdmatrix anddo not have Ruby installed,you may downloadit for free
from http://ruby-lang.ag/endownloads; ary versionl1.8.2or lateris fine.

Creatingtherequiredinputfor DOT needs3 specializedxternalprogramaMSMS, ReduceandAPBS.MSMS can
be downloaded,asdescribedbelon. The DOT distribution includespre-compiledbinariesfor Reduceand APBS. The
DOT utilities invoke the programsoy thenames
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msms
reduce
apbs

Theseprogramsareneedednly onthe platformonwhich your userswill bepreparingnputfor DOT. If yourusers
will bepreparingnputonly onaparticularplatform,suchasMac OS X onIntel, you needinstall themfor thatplatform
only.

Detailedexplanationof eachprogramandlibrary follows.

D.2 MSMS

TheMSMS programdoesmolecularsurfacecalculationeededy prepscript MSMS s from thelaboratoryof Michel
Sanner Binary executableof MSMS for all of the platformssupportedn the currentDOT distribution are available
from http://mgltools.scripp.edi/downloads. Be awarethatyou will needto scroll down this pageto find the MSMS
package.Downloadthe appropriaté'tar.gz” file, run ‘gunzip ....tatgz’, thenmake a new directory(say i86Darwin8if
thatis your platform), cd into thatdirectory thenrun ‘tar xvf ../...targz’. Thiswill make abouta dozenfiles, including
documentatiorand releasenotes; the executablefile is named‘msms.platform....ersionnumber’. Copy that file to
$DOT_ROOT/bin/$ARCHOSV/msmsFor example,if for our Mac, we did

tar xvf msmsMacOSX2.6.1.tar
theresultingdfilesincludethefile msms.MacOSX.2.6.andwe putacopy in theappropriatesDOT_ROOT/bin directory:
cp msms.MacOSX.2. 6. 1 $DOTROOT/bin/i86Darw in 8/ msms

(Note thatthe MSMS teamis currently distributing a PoverPCexecutable(ppcDarwin8)but not an Intel-natve one;
we have testedthe PoverPCmsmson an Intel Macintosh(i86Darwin8)andit runsfine becauséMac OS X recognizes
it andinvisibly runsit inside“Rosetta”,which simulatesa Ponver PC on anIntel. So copying the samebinary to both
ppcDarwin8andi86Darwin8is OK.)

D.3 REDUCE

The Reduceprogramaddshydrogensto molecularmodelsin an intelligent and flexible way neededoy prepscript.
Reducds from the laboratoryof David andJaneRichardsorat Duke University written by JMichaelWord. Reduces
free,open-sourcsoftwareavailablefrom http://kinemage.bioctme.duke.edlsoftware
TheDOT projectis currentlyusingreduce.3.13.080428

Reduceneeddo know whereits heteratongroupdictionaryis. Throughthe courtesyof the authorsof Reducewe
distribute a copy of this dictionaryin the $DOT_ROOT/datadirectory file reducewwPDB_hetdict.txt .

D.4 APBS

The APBS (Adaptive Poisson-Boltzmanisolver) performselectrostatigpotential calculationsneededby prepscript.
APBS is from the laboratoryof NathanBaker (baler@biochem.wustl.edwf the Departmentof Biochemistryand

Molecular Biophysics,Centerfor ComputationaBiology, WashingtonUniversity in St. Louis. APBSis free, open-
sourcesoftware availablefrom http://sourcefaye netprojectdaps . After you have downloadedthe executablebinary
for your platformsof interest,you may install apbsarnywhereyou like aslong asit is in your $pathwhenyou run

prepscript. We found thatthe Mac OS X (Darwin8) version,a “universalbinary” for both PPCandi86 Macintoshes,
needsadministratomprivilegesto install; this appeargo be a mistale in the installationprogram. The DOT projectis

currentlyusingAPBSversion1.0.0,21 April 2008.
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E External libraries neededto run DOT

TheDOT distrikution includestwo externallibraries,FFTW andMPICH. MPICH is neededor all platformson which
your userswill berunningDOT in parallel,andyou will needto configureandmale it for them.

E.1 MPICH

The MPICH softwareallows DOT calculationgo be donein parallelon a local-areanetwork of computers MPICH is
from the ArgonneNationalLaboratoryof the United StatesDepartmenbf Enegy andis free,open-sourcasoftware.

You only needMPICH if you wish to runa DOT job on morethanone computer In principle,you canrun DOT
usingMPICH without recompilingthe MP1 librariesbut we do notknow a simpleway to install only theuserlevel MPI
scriptssohereis how to install all necessaryvPI routinesfor runningon a network of local workstationssuchasintel
Linux, PPCor Intel Macintosh,or SFARC Solaris.

To run MPI programson your local network, your usersmustbe ableto useeither‘ssh’ or else‘rsh’ without typing
passverds,thiscanbethorry if securityis asevereconcernseehttp://www-unix.mcs.anl.ggmpi/mpichl/docs/mpchman-
chp4/nodel27.htm#Notlg7 andhttp://www-unix.mcs.anl.ggmpi/mpichl/docsimpichman-chpd/node 128 htm#Nowk128

We found at TSRI that the MPICH installation”configure” stepalso appeardo checkfor the abilty of you, the
installer to run sshwithout a passwerd, and configurationsdoneby peoplewho could not do this were not usableby
peoplewho could,soour adviceis thatinstallersshouldmake surethey can”ssh(localhost)”"withouta passverd.

TheDOT projectcurrentlyusesMPICH 1 versionl1.2.7p1.(DOT doesnot useMPICH 2 becauseurrentlyMPICH
2 doesnot let usersmix differentkinds of computersin a single parallel run, importantin a typical heterogeneous
workstationnetwork).

MPICH is availablefrom http://www-unix.mcs.ans.gémpi/mpichl/download.html (about16 MB) Downloadinto
$DOT _ROOT/mpich,unpackas$DOT_ROOT/mpich/mpich-1.2.7p1

Configure, build, and install for eachplatform (FARCHOSV), on a host that supportsthat platform (eg, Intel
Macintoshfor i86Darwin8):

source $DOTROOT/bin/share /d ot2 .s et up.b ash (or .csh)
cd $DOT.ROOT/mpich/$AR CHOS/

(note: we foundthaton Mac OS X (Darwin8) we hadto setthe ervironmentvariableRSHCOMMAND at this point.
Oncsh,type”setev RSHCOMMAND /usr/bin/ssh”.On bash type "export RSHCOMMAND=/usr/bin/ssh")

../configure for _dot2

This runs ../mpich-1.2.7p1/configureprefix=3DO" _ROOT/mpich-1.2.7p1/$ARCHOSW-with-device-name=clp4 —
disable-f77-disable-cxxdisable-f90modulesdisable-short-lags

make

Note: amake installis notnecessaryf you usetheprefix above.

See http://www-unix.mcs.anl.ggmpi/mpichl/docs/mpichmanchp4node44htm#Nale# for more configuration
advice.

We foundwe canignoremessagebk e
cd.. && /bin/sh/usr/local/dot2.0/srcbrfig_aux dir/missing—runautoconf
automd4te:cannotlock autom4te.cache/requesvith mode2 (perhaps/ou arerunningmale -j on alameNFSclient?):
Operatiomot supported
make: *** [../configure]Error 1

Theseseento beaclock-slew problembetweerthedifferenthostsbut we're not sure.If you getthesejt shouldbe
OKtouse
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make -i; make -i install

so“make” will ignoreerrors.

F  What elseyou needto be ableto recompileDOT programs

F.1 GNU Autoconf/Automake

We stronglyrecommend/ou dowvnloadthe mostcurrentversionsof
e The GNU Autoconftoolsfrom http://www.gnu.og/software/aitoconf/ (the DOT projectis usingversion2.61).

e TheGNU Automale toolsfrom http://sources.redhatitdatomeke/ (the DOT projectis usingversionl1.10).

F2 FFTW

The FFTW fourier transformlibrary is neededo compile DOT whetheryou wantto run parallel or single-processor
FFTW is free software, available from http://wwwfftw.org, see http://wwwfftw.org/fftw3_doc/Installation-on
Unix.html#lInstallation-a-Unix The DOT projectis currentlyusingversion3.1.2. Downloadinto $DOT_ROOT/fftw3,
unpackas$DOT _ROOT/fftw3/fftw-3.1.2. For eachplatform (SARCHOSV):

cd $DOTROOTI/fftw3/$AR CHOS/
../configure for _dot2

Thisruns../fftw-3.1.2/configure-enable-portableihary —enable-float-prefix=$DQ _ROOT/fftw3/$ARCHOSV

make
make check # (optional but recommended)
make install

F.3 Recommendedir ectory layout

Under$DOT _ROQT/: bin, src,data,mpich, fftw3

Under$DOT _ROQT/bin: shareandindividual platformdirectories

In $DOT _ROOT/bin/sharenon-compiledexecutablescriptsDOT usersneed

In $DOT _ROOT/bin/$ARCHOSV compiledexecutableprogramsDOT usersneed
Under$DOT_ROOQOT/src: dot, util, andshare

In $DOT _ROOT/src/dot:dot C sourcefiles

Under$DOT _ROOT/src/dot/$SARCHOSYVindividual platformbuild directories

In $DOT _ROOT/src/util: dot utility C andC++ sourcefiles

Under$DOT _ROQT/src/util/$ARCHOSY individual platformbuild directories

In $DOT _ROOT/src/sharedistribution copy of executablescripts

In $DOT _ROOT/data:non-compilednon-eecutedresource®OT utilities need
Under$DOT _ROOT/mpich/$ARCHOSV distribution andindividual platformdirectories
Under$DOT _ROOT/fftw3/$ARCHOSV distribution andindividual platformdirectories

Note thatin four caseqsrc/util, src/dot,mpich, andfftw3), you do not run configure/mak in thosedirectoriesbut
in a subdirectorythatis namedafter a particularplatform (JARCHOSV).For example,on i86Linux2, you would first
make fftw3 andmpich,thenthe utilities, thenDOT itself:
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cd $DOTROOT/mpich/i86
cd $DOT.ROOT/fftw3/i86
cd $DOTROOT/src/util/
cd $DOTROOT/src/dot/i
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Li nux2 ; ../configure for _dot2 ; make

Li nux2 ; ../configure for _dot2 ; make ; make install
i8 6Lin ux2 ; ../configure ;. make ; make install

86Li nux2 ; ../configure ; make ; make install
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