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Chapter 1

Intr oduction

This documentdescribesAmiraMol, a molecularvisualizationextensionfor Amira.

Amira is a3D visualizationandmodellingsystem.It allowsyouto visualizescientificdatasetsfrom various
applicationareas,e.g.medicine,biology, chemistry, physics,or engineering.3D objectscanberepresented
asgridssuitablefor numericalsimulations,notablyastriangularsurfaceandvolumetrictetrahedralgrids.
Amira provides methodsto generatesuchgrids from voxel datarepresentingan imagevolume, and it
includesageneralpurposeinteractive3D viewer.

TheAmiraMol extensionaddspowerful tools for molecularvisualizationto theAmira system.AmiraMol
containssupportfor standardmolecularfile formats,toolsfor visualisationprocessingandanalysisof static
moleculesandmoleculartrajectories(timeseries).

This documentgivesa step-by-stepintroductionto molecularvisualizationwith Amira. The secondpart
containsareferencemanualfor all AmiraMol modules.Thefollowing tutorialsdonotexplainall theAmira
basicssoyou maywantto referto theAmira User’sGuidefor somedetails.
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Chapter 2

Overview of AmiraMol

In thefollowing wewill giveanoverview of Amira’scapabilitesfor handlingmoleculesandmoleculardy-
namicstrajectories.After anexplanationof structureandinterdependenceof themoleculardatastructures
we will illustratedisplaymodulesfollowedby conceptsfor atombasedcoloring,maskingandalignment.
Finally, modulesfor visualizingconfigurationaldensitieslike molecularconformationsaredescribed.

2.1 Data Types:Molecule - Trajectory - TrajectoryBundle

Severalmolecularfile formatsincludingPDBcanbereadandwritten.

Singlemolecularconfigurationsarerepresentedasdataobjectsof typeMolecule. This kind of objectcan
eitherbecreatedby loadinga file containinga singlemolecularconfigurationor otherwiseby attachingit
to anobjectof typeMolTrajectory, in which caseit will actasa projectorextractingoneof thetrajectory’s
time steps.

MolTrajectoryrepresentsatrajectory, i.e. aseriesof molecularconfigurations.Againtwo casesof existence
arepossible.Either the trajectorywasloadeddirectly from a file. Alternatively it canbe attachedto an
objectof typeMolTrajectoryBundlesinglingout oneof thetrajectoriescontainedin thatbundle.

A trajectorybundlereflectsthecaseof a file holdingmorethanonemoleculartrajectory. If sucha file is
loadedinto Amira, anobjectof typeMolTrajectoryBundlewill becreated.The singletrajectoriescanbe
accessedby attachinga MolTrajectoryobject.

2.2 Topology: Groups- Levels

An objectof datatypeMoleculecontainsinformationaboutthestructureof a moleculeandtheatomcoor-
dinatesof oneof its configurations.Themandatorypartof structuralinformationconcernsthenumberand
typesof all atomscontainedin themolecule.All the topologicalinformationis organizedin levelswhich
arecliquesof groups.Eachgroupcontainsothergroupsor atoms.Theeasiestexampleis the level bonds,
which consistsof groupsof two atoms.

Somelevels canbuild hierarchies.For examplea residueconsistsof a numberof atoms,anda couple
of residuesmay form a secondarystructure. Theselevels andgroupscanbe definedby file readersor
interactively via Tcl-commands.

2.3 Modules for the Visualization of Molecules

Moleculescanbe visualizedwith the MoleculeView, the BondAngleView, or the SecStructureView. Ex-
ampleoutputsof thesesmodulesareshown in Figure2.1.



Figure 2.1: MoleculeView andBondAngleView displaythemoleculesimultaneously.

In addition,therearetwo modulesfor generatingmolecularsurfaces.TheMolecularInterfacemodulecan
beusedto generateintramolecularinterfaces,suchasbetweensingleatomsor residues.Also, theinterface
betweentwo moleculescanbe computed.The MolSurfacepermitsthe generationof the van-der-Waals
surfaceof amolecule,aswell asthegenerationof thesolventaccessiblesurface.

2.4 Coloring

The atomorientedmodulesMoleculeView, BondAngleView andConformationVolumeallow a coloring
on a per atombasis,i.e., eachatomis assigneda color. Balls in the MoleculeView will have the corre-
spondingcolors. Stickswill be split into halvescoloredaccordingto their incidentatoms’colors. In the
BondAngleView atomcolorsareassignedto theverticesandcolor is interpolatedover thetriangles.

To determinethe coloringyou canchoosea level, like atoms,functionalgroups,residues,andsecondary
structures.Furthermore,you canchooseoneof thelevel’sattributes.

2.5 Selection

Varioustasksrequirethe selectionof atomsfrom a molecule. The mostprominentarethe alignmentof
moleculesandthe selective displayof moleculeparts. Amira offers two waysof selection.The usercan
eitherselectatomsinteractively in theviewerwindow via MoleculeView or BondAngleView. Alternatively,
selectioncanbe donevia the molecule’s selectionbrowser, which canbe openedby pressingthe Show
buttonof themolecule.

2.6 Alignment

To comparethe structuresof several moleculesit is necessaryto bring them into a suitablegeometric
arrangementto eachother, becausetheir relative positionsin thecommoncoordinatesystemaregenerally
meaningless.Thisprovidestheopportunityto prescribeavarietyof arrangementsandtherebyto investigate
differentaspects.
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2.6.1 Mean squared distancealignment

Amira offers threemain modesof operation,that can be usedvia Molecule, ConformationVolumeand
MeanMolecule:

original: Atom coordinatesareleft asthey are. Relative orientationsandpositionsaredisplayedaspre-
scribedin thedata.

centerof gravity: For every time stepof a trajectorythe centerof gravity is computedand put to the
coordinatecenterby applyinga translation.

align to master: This mode requiresa mastermoleculewhich is usedas a referenceto which other
molecules,the slavesarealigned. We considercorrespondencesbetweenatomsfrom the reference
moleculeandatomsfrom themoleculeto bealignedwith it. Thealignmentis doneby minimizing
thesumof squareddistancesbetweenall correspondingatoms.

If masterandslavehavethesamestructure,everyatomexistsin bothmoleculesandhenceacanonical
correspondenceexists. Thenecessarypartof userinteractionis to determinethesetof atomsto be
considered.Beyond taking all atomsinto account,an explicit subsetcanbe specifiedbe selecting
atomseitherin theslave or in themastermolecule.

Irrespective of a structuralidentity of masterandslave the correspondencecanbe determinedby
selectinga sequenceof atomsin the mastermoleculeandanothersequenceof the samelength in
theslave molecule.Theorderof selectiontherebydefinesthecorrespondence.Thefirst atomin the
mastercorrespondsto the first in the slave andso forth. If the moleculeshave differentstructures,
this is theonly way to align them.

2.6.2 Mean distancealignment

Apart from the above mentionedalignmentprocedure,thereexists a modulethat offers the possibility to
align two moleculesby using the meandistancecriteria insteadof meansquared distance. SeeAlign-
Moleculesfor moreinformation.

2.6.3 Sequencealignment

Amira allows you to align thesequencesof two molecules.Threealgorithmsareavailable,which canbe
useddependingon thekind of dataandyour intention:local,semi-global,andglobalalignment.Thealgo-
rithmswork bothfor proteinsandribonucleicacids,wherebyt-RNA moleculesarecurrentlynotsupported,
becausethey containmodifiedbases.This modulecanbevery well usedin conjunctionwith themodule
AlignMolecules.

2.7 Modules for Time-dependentData: ConfVol - MeanMolecule -
ClosestTimeStep

A MolTrajectorycanbevisualizedvia animationof singletimesteprepresentationsby attachingaMolecule
module and than attachinga MoleculeView or BondAngleView. The animation is controlled via the
Molecule’sport Time.

For MolTrajectoriesthatrepresentmetastableconformationsMeanMoleculeandConformationVolumecan
be used. The moduleMeanMoleculealignsall stepsof a trajectoryandcomputesa meanmoleculeby
averagingevery atomcoordinateover all timesteps.Using the ClosestTimeStepmodulethe memberof
the trajectorycan be found that is most similar to this meanmoleculeand can thereforebe usedas a
representativeof themetastableconformation.

ThemoduleConformationVolumegivesan impressionof thefuzzinessof theconformationby computing
somekind of probabilitydensityfor thepositionsof atomsandbondswithin a moleculartrajectory. This
densitycanthenbevisualizedwith Isosurfaceor Voltex.

Modulesfor Time-dependentData: ConfVol - MeanMolecule- ClosestTimeStep 11
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Chapter 3

First stepswith molecular visualization
in Amira

This chapterleadsyou stepby stepinto the visualizationof moleculardatasets. Amira is not only able
to displaya 3D imageof a moleculebut alsoprovidestools to investigateits distinctpartsandproperties.
After readingthe ”getting started”introductionyou may continuewith any of the following independent
tutorials.

� Gettingstarted- first steps
� Furtherviewing modules- visualizinggeometricproperties
� SelectionBrowser- exploring themolecule
� MolecularInterface- creatingpartialsurfaces
� Alignmentof molecules- comparingmolecules
� Measurement- measuringdistancesandangleswithin a molecule

Note: If you want to visualizeyour own data,pleaserefer to the sectionaboutdataimport in the Amira
User’sGuide.Thatsectioncontainssomegeneralhintson how to importdatasetsinto Amira.

3.1 Getting Started with Molecular Visualization

In this sectionyouwill learnhow to

1. loada moleculardemodatasetinto thesystem

2. selectaparticularmoleculefrom a bundle

3. view themoleculewith theMoleculeView

3.1.1 Loading data into the system

In the following introductionwe will considera simple example to explain the basic functionsof the
MoleculeView. Our examplewill be a file containinga bunchof alkanescalledalkane.top. If you
insteaduseyourown data,suchasaPDB-File,pleasecontinuewith Section3.1.3.

� Loadthefile alkane.top into theobjectpool from thedirectorydata/molecules/alkane.

As resulta greenicon labelledalkane.top will appearin theobjectpool. Thegreenicon representsa
bundleof moleculesor moleculartrajectories.Click on thegreendataiconwith theright mousebuttonand
chooseMolTrajectoryfrom thepopupmenu.Anothergreenicon labelledMolTrajectory will appear
in theobjectpool. A blueline connectsthetwo icons.



Figure3.1: A pentanemoleculeis displayedin theviewer usingtheMoleculeView.

3.1.2 Selectinga moleculefr om the bundle

SincetheiconMolTrajectory is now selected,informationaboutthisobjectis displayedin theworking
area.Therearetwo informationports,onedisplayingthenumberof time stepsin thetrajectory, theother
displayingthe nameof the molecule. In addition, thereis a menulabelledTrajectory. It containsthree
entries:But.1, Pen.1, andHex.1. Choosethesecondentry, which is pentane.Now right-click on thegreen
iconMolTrajectory in theobjectpoolandchoosetheentryMoleculefrom thepopupmenu.

3.1.3 Displaying the moleculewith the MoleculeView

As resultof thepreviousstepsanothergreenicon labelledMolecule hasappearedin theobjectpool. If
you right-click on this icon, a menupopsup from which you canselecttheentryMoleculeView. This
actioncreatesbotha yellow icon in theobjectpool andan imagein the3D viewer. Furthermore,theGUI
of themoduleappearsin theworking area.

Oncethemoleculeis displayedin theviewer, you canrotateandzoomthemolecule.In orderto do so,the
viewer needsto be in viewing mode,i.e. themousecursoris displayedasa hand,which is thedefault. If
you want to rotatethe molecule,left-click in the viewer andmove the mouse.Zoomingis enabledwhen
you click theleft andthemiddlemousebuttonssimultaneously. Moving themouseup zoomsout,moving
themousedown zoomsin.

WhenevertheMoleculeView is active,thelittle squareontheyellow iconMoleculeView is orange.You
candeactivatethemoduleby clicking on thatsquarewith theleft mousebutton.
Now let’sexplorethefollowing portsin theworking area:

Port Mode

Chooseanothermodeto seebothatomsandbondsof themolecule,or just atoms.If atomsareshown, use
theportAtomRadiusto adjustthesizeof theatomsaccordingto yourpreferences.

Port Quality

This port offersthepossibility to displaya correctimageof themolecule.Considerthetrade-off between
correctrepresentationanda slower renderingperformance.Use the fast mode,if you want to displaya
largemolecule.If yourgraphicshardwareis fastenough,usethecorrectmode.
Youcanincreasethecomplexity of thesceneby typing

MoleculeView complexity setValue 0.5, followedby

MoleculeView fire
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Port Color

Click on thebuttonLegendto displaya smallwindow decodingthecolorsyou seein theviewer window.
Chooseresiduesfrom thefirst popupmenuandtype-idfrom thesecondto investigatedifferentcomponents
of your molecule. Changethe color mapby right-clicking on the color bar of the port DiscreteCM that
appearsbelow theColor port.

Port Highlighting

PresstheDraw buttonanddraw a line in theviewer window arounda groupof atomsyou want to select.
You will seea redboxaroundeachof theselectedatoms.
Changeto interactionmodeby clicking theicondisplayingasmallblackarrow in theupperright cornerof
theViewer window. Your cursorchangesits appearancefrom a handto anarrow. You cannow pick one
of theatomsto getsomeinformationabouttheatomlistedin theAmira consolewindow. Thereis alsoteh
possibilityto selecta groupof atoms,suchasa residue,or a chain(seethedescriptionon MoleculeView).
In orderto unhighlightall atoms,pressthebuttonClear of theHighlighting port.

Port Buffer

This port allows you hidepartsof themoleculein theviewer window. Highlight a few atomsasdescribed
in theprevioussection,andthenpressthebuttonReplace. All atoms,thatwerenot highlightedwill now
havedisappeared.Playaroundwith this port in conjunctionwith theHighlightingport.

3.2 Other Viewing Modules

In Section3.1we haveseenhow to visualizemoleculeswith theMoleculeView.

In this sectionyouwill learnhow to

1. view amoleculewith theBondAngleView

2. applydifferentcoloringschemesto themolecule

3. usetheSecStructureView

We startby loadingthedatafile 2JEL.pdb from thedirectorydata/molecules/pdb.

3.2.1 BondAngleView

As thenamesuggests,theBondAngleView displaysall bondanglesin a molecule.For eachtriple of atoms
connectedby two bonds,a trianglewill bedrawn. Createthemoduleby right-clickingonthegreenicon la-
belled2JEL.pdb, andchooseBondAngleView from thesubmenuDisplay. In orderto displaythemolecule
asdepictedin Figure3.2,you needto rotateandzoomthemolecule,andchangetheDraw Stylefrom out-
lined to shaded.

3.2.2 Changing the color scheme

Currently the trianglesof the BondAngleView are coloredaccordingto the atom types, i.e. the atomic
number. We will now explore,how to usedifferentcolor schemes.

� Click on thesecondmenuof theport Color andselecttheentry index.

As result,the wholemoleculewill now appearblue. This is because,the default color mapis a constant
one.
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Figure3.2: CreatingtheBondAngleView.

Figure3.3: Changingthecolor scheme.Onecaneasilyfollow thesequenceof atomsin themoleculeby meansof thecolormap.

� Now, right-click on thecolor barof theport DiscreteCM.

A list of pre-definedcolor mapsappears.

� Selecttheentrystandard.icol from thelist.

Themoleculewill now bedisplayedin pink color. This is becausethecolor maprangecurrentlyis [0,1],
which means,that the atomindex 0 is mappedto red andthe index 1 aswell asall indiceslarger than1
aremappedto pink. If you have selectedthestandard color map,theoptimal rangewill beprintedin the
consolewindow. For this moleculeandthespecifiedcolorscheme,theoptimalrangeis [0, 4013].

� Soyouonly needto changethevaluein thesecondtext field to 4013.

Theresultis depictedin Figure3.3.

Now let’s try out yetanothercolorscheme.

� Changetheentryof thefirst menuto residuesandof thesecondmenuto type.
� Changethecolormapto physics.icol.
� Settherangeaccordingto whatis printedin theconsolewindow.

Theresultis shown in Figure3.4.

3.2.3 SecondaryStructure View

In orderto createthe moduleSecStructureView, right-click on the icon 2JEL.pdb andchoosethe entry
SecStructureView from the submenuDisplay. Now both modules,the BondAngleView andthe SecStruc-
tureView displaythemoleculein theviewer. Sincein this sectionwe want to concentrateon thelatter, we
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Figure 3.4: Coloringtheatomsaccordingto residuetype.Thewindow at thebottomdecodesthecolors.

Figure 3.5: View themoleculewith theSecStructureView.

want to switch off the BondAngleView. Therearetwo possibilitiesto do this. Either we selectthe icon
BondAngleView in theobjectpool by clicking on it, andafterwardspressCtrl+X, which removesthe
BondAngleView. Or we click on theorangesquareinsidetheiconBondAngleView, which doesnot re-
move theobjectfrom the objectpool, but hidesit in theviewer. We preferthesecondprocedure,sinceit
allowsusto quickly changebetweentheviewing modules.

If youhavedonethepreviouslydescribedsteps,youwill observethatyourbackboneis coloredgrey instead
of yellow asin Figure3.5. In orderto changethis,

� double-clickon thecolorbarof portBackboneColormap.

Immediately, a ColorDialog will appear.

� Pick yellow from theCustomColorsandpull it to thecolor field labelledCurrentColor in thecolor
dialog.

� PressOK andthebackboneshouldnow beyellow.

OtherViewingModules 17



Figure3.6: Left: MoleculeView andBondAngleView displaythemoleculesimultaneously. Right: Selectionbrowserafterconnecting
two viewing modulesto themolecule.

3.3 SelectionBrowser

You alreadyknow how to load files andhow to usethe MoleculeView. In this sectionyou will learnthe
basicsaboutthe MoleculeSelectionBrowser, which is a very importantfeaturefor the investigationof
a molecule. The selectionbrowser is a flexible tool for selectingthosepartsof the moleculethe useris
interestedin. Moreover, it allows to easilycombinedifferentviewing modulesinto oneviewer.

3.3.1 Opening the browser and connectingviewing modules

To getstarted,loadthefile 1IGM.pdb from thedirectorydata/molecules/pdb. In theworking area
below the objectpool, informationaboutthe loadedmoleculewill be displayed,suchas the numberof
atoms,bonds,residues,andsecondarystructureelements.Furthermore,you will find two ports,Alignment
andSelectionBrowser. Thefirst port is currentlynot of interestto us.

� PressthebuttonShowof thesecondport to opentheselectionbrowserwhich appearsin thebottom
left cornerof thescreen.

Thescrollview of thebrowsercurrentlycontainstwo columns,onewith theheadingMasterLevel, theother
onewith theheadingtype. In thefirst, all residuesof themoleculearedisplayed.Thesecondcolumnshows
theresiduetype.

� ConnectaMoleculeView to theicon1IGM.pdb.
� Connecta BondAngleView to 1IGM.pdb by right-clicking the icon andchoosingBondAngleView

from thesubmenuDisplay.

You will observe two new columnsin theselectionbrowser, representingtheMoleculeView (MV) andthe
BondAngleView (BAV), respectively (Figure3.6).

3.3.2 Changing the appearanceof MoleculeView and BondAngleView

In orderto geta similar imageasin Figure3.8,we first needto settheportsin theMoleculeView andthe
BondAngleView correctly(Figure3.7).

Let’sstartwith theMoleculeView.

� Settheport Modeto balls.
� Settheport Quality to correct.
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Figure 3.7: Settingtheportsin theviewing modulescorrectly.

� SettheAtomRadiusto 1.0.

For theBondAngleView continueasfollows:

� Selecttheentryresiduesfrom thefirst menuof portColor.
� Fromthesecondmenuof port Color selecttheentry index.
� Right-clickon thecolorbarof theport ContinuesCM andselectthecolor mapphysics.icol.
� Setthemaxrangevalueof thecolor mapport to 390.

We now only seethe MoleculeView, sincethe trianglesof the BondAngleView arehiddenby the van der
Waalsspheres.In orderto combinethetwo viewing modulesto oneimage,continuewith thenext section.

3.3.3 Highlighting and maskingwith the selectionbrowser

We now want to usetheselectionbrowserto displaypartsof themoleculewith theMoleculeView andthe
restwith theBondAngleView.

� Selectchainsasnew masterlevel from theMasterLevelmenu.

As resultyouwill now seethreeentriesin thecolumnMasterLevel: chains/L, chains/H, andchains/W. This
meansthatthelevelchainscontainsthreegroups.In orderto view thegroupchains/Lwith theMoleculeView
andtheothertwo groupswith theBondAngleView,

� removetheticks for chains/Handchains/Wfrom thecolumnwith headingMV by clicking on them.

To deselectthegroupchains/Lfor theBondAngleView,

� click on therespectivebox in thecolumnBAV.

Now, you shouldseean imagethat is pretty closeto that in Figure 3.8. However, the BondAngleView
displaysmore trianglesthan in the Figure. The BondAngleView in Figure 3.8 only displaysbackbone
atoms.In orderto achievethis

� right-click on headinglabelledBAV.

A popupmenuasin Figure3.8shouldappear.

� SelectBackbonefrom thesubmenuRestrictto.

Theside-chainatomsshouldnot bevisibleanymore.
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Figure3.8: UsingtheSelectionDialog window.

Next, youshouldexplorethegroupchains/La bit further.

� Click on thelittle icon left to it.

After this actiontheresiduescontainedin chainL will haveappeared.

� Type atoms=4-33 in the text field labelledExpression, below the scroll window, andpressthe
Replacebutton.

Theatoms4 to 8 andtheresiduesL2, L3, andL4 arehighlightedin red.TheresidueL1 andthechainL are
highlightedin green.Thecolor redmeans,thewholegroupis selected,i.e. all its elements.Greendenotes
thegroupis partially selected.

To getaccustomedto thebrowser, playaroundwith it. If youneedfurtherinformation,justpressthebutton
F1 in thebrowserwindow or seehere.

3.4 Molecular Interface

This tool is particularlyinterestingto visualizecontactareasbetweenpartsof asinglemolecule,or between
differentmolecules,e.g.enzymesandtheir ligands.In this examplewe will considerthesecondcase.

� Pleaseloadthefile t1gg.mol from thedirectorydata/molecules/r nuclease.

3.4.1 Defining groups

In this sectionwe will createa new level, called interface, for the moleculeanddefinetwo groupsof the
level, substrateandnuclease, respectively.

� Selecttheicont1gg.mol in theobjectpool by clicking on it.
� Now click into theconsolewindow to activateit andpresstheTAB-key.

Thenameof theselectedicon, i.e. t1gg.mol shouldappearin theconsolewindow. If it doesnot,

� pleasetypeit.
� Behindt1gg.mol typedefregexp interface/substrate atoms=1460-1526.

Thefollowing shouldnow bewritten in theconsolewindow
t1gg.mol defregexp interface/substrate atoms=1460-1526.
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� PresstheENTER-key.

Youhavenow definedthegroupsubstratein thelevel interface. Thegroupconsistsof theatoms1460-1526.
We will now definethegroupnuclease,containingtheatoms0-1459.

� PresstheTAB-key againfollowedby typingdefregexp interface/nuclease atoms=0-
1459

If you now list all levelsby typing

� t1gg.mol list

youwill find a level interfacecontainingtwo groups.

� Typet1gg.mol list interface

andall groupsof thelevel interfacewill beprintedin theconsolewindow.

3.4.2 Computing a label field

We will now createa labelfield, containingtwo labels,substrateandnuclease, which will thenbeusedfor
thecomputationof theinterfacesurface.You will learn,how to usethemoduleMolecularInterface.

� Right-click theicont1gg.mol andselectMolecularInterfacefrom thesubmenuCompute.

TheGUI of themoduleMolecularInterfaceshouldnow haveappearedin theworkingarea.If it hasnot,

� selecttheicon labelledMolecularInterface.

Continueby

� choosinginterfacefrom themenuportLevel of theMolecularInterface.
� PressthebuttonGenerateGrid.

Theresultis anobjectInterface of typeUniformScalarField.

3.4.3 Computing the interface surfacewith the GMC

With themoduleGMC wewill now createaninterfacesurfacefrom thelabelfield.

� Right-click theiconInterface andselecttheentryGMC from thesubmenuCompute.
� PressthebuttonTriangulateof theActionport of themoduleGMC in theworking area.

A greenicon labelledInterface.gmc-surf hasappearedin theobjectpool.

3.4.4 Visualizing the interface

Finally, wewill view thecomputedinterfacein theviewerwindow via theSurfaceView.

� Right-clickon theicon andselectSurfaceView.

TheGUI of theSurfaceView moduleshouldnow beseenin theworking area.

� ChoosetheColors-option twisted.
� SelecttheentrySubUnit2from thefirst menuof theport Materials.
� PresstheClear buttonof port Buffer followedby theAddbuttonof thesameport.
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You shouldnow seea grey surfacein the viewer with somecoloredpatches.Thegrey surfacewrapsthe
nuclease,thecoloredpatchesdepicttheinterfacebetweenthenucleaseandthesubstrate.

Whatyouseeshouldbesimilar to thedemoNucleaseon thedemopages.

3.5 Alignment of molecules

In this tutorial youwill getto know themodulesAlignSequencesandAlignMolecules.

TheAlignSequencestool faciliatesthecomparisonof two sequences.It canbeappliedto bothproteinsand
nucleidacidsexceptfor t-rnamoleculescontainingmodifiedbases.It is plannedto extendthismodule.

Having donethesequentialalignmentyoucanusethecorrespondencegainedby thesequencealignmentto
doa structuralalignmentof themolecules.

� Pleaseloadthefiles1IGM.pdb and2JEL.pdb from thedirectorydata/molecules/pdb/ and
connecta MoleculeView to eachof them.

Youshouldknow how to do this from thetutorial Gettingstarted. For bothMoleculeViews

� selectresiduesfrom thefirst menuof theportColor.

A DiscreteColorMapwith constantcolorwill appear. To distinguishthemolecules,chooseadifferentcolor
for oneof them.If you don’t know how to do this,seethetutorial Furtherviewing modules.

3.5.1 Sequencealignment
� Right-clickon theicon1IGM.pdb andselectAlignSequencesfrom thesubmenuCompute.
� Right-click thelittle rectangleinsidetheiconAlignSequences on theleft side.

A popupdisplayingall connectionportsopens.

� SelectMoleculeBfrom it andconnectthemoduleto theicon2JEL.pdb by clicking on it.

Thereshouldnow be two blue lines connectingthe icon AlignSequences with the icons1IGM.pdb
and2JEL.pdb, respectively.

� SelectthemoduleAlignSequences by clicking on its icon in theobjectpool.

As result,theuserinterfaceof themoduleappearsin theworking area.

� Choosesemiglobalfrom thesecondmenuof portAlign Type, andpressthebuttonAlign Sequences.

If the alignmenthasbeensuccessful,a window displayingpossiblyseveral slightly differentalignments
will appear.

� PresstheAcceptAllbutton.

Thisactionresultsin thealignmentsbeingwritten to themoleculesaslevels.

� Type,e.g.1IGM.pdb list.

Apart from levels suchasatoms,bonds,residues,etc. you will also seelevels namedseqAlign1to se-
qAlign10. 2JEL.pdbhasthesamelevelswith anequalnumberof groups.

3.5.2 Align moleculesby using the meandistancecriteria

We cannow proceedto usethelevelsseqAlign*for astructuralalignment.In orderto do so,
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� right-click theicon1IGM.pdb andselectAlignMoleculesfrom thesubmenuCompute.
� Right-click the little rectangleinsidethe icon AlignMolecules on the left sideandconnectthe

moduleto 2JEL.pdb.
� SelecttheiconAlignMolecules to make it appearin theworking area.
� Selectany of thelevelsnamedseqAlign*in theportAlignLevelandpresstheDoIt-button.

If you wantto follow thealignmentprocess

� click theoptionshowalignment

beforepressingtheDoIt-button.

Compareyour resultto thedemo.

3.6 Measurement

In this tutorial you will learnhow to measuredistancesandanglesbetweenatomsin a molecule.For this
tutorial it is necessarythatyou have donetheGettingstarted-tutorial previously. You needto have a time
step,i.e. aMolecule, loadedfrom thebutane-trajectory, anda MoleculeView shouldbeconnectedto it.

� SelecttheMoleculeView by clicking on its icon in theobjectpool.

You will now seetheMoleculeView’suserinterfacein theworking area.

� Selectball andsticksModeandfastQuality.
� Next, right-click on theiconMoleculeView, andselectMeasurementfrom thepopupmenu.

Theuserinterfaceof the Measurementtool shouldnow bevisible in the working area.An Info port tells
you thatyouneedto select2, 3, or 4 atoms.In orderto do so,changeinto interactionmodeby

� pressingtheESC-key or by pressingthearrow-icon in theright uppercornerof theviewerwindow.

Youcannow selectsingleatomsin theviewerby clicking onthem.If youclick ononeatom,thepreviously
selectedatomwill bedeselected.By usingtheCtrl-key you canselectmorethanoneatom.

� Select2, 3, or 4 atomsand observe what is being displayingin the userinterfaceof the module
Measurement.

TheCtrl-key is alsousedto deselectatoms.
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Chapter 4

Alphabetic Index of Modules

4.1 Align Molecules

This moduleenablesyou to align two arbitrarymoleculesto eachother. However, themoleculesneedto
fulfil oneprecondition:they bothneedto have(at least)onelevel with thesamenameandanequalnumber
of groups. In the algorithm the atomsin the correspondinggroupswill attracteachother, wherebythe
correspondenceof the groupsis establishedby the index of the groupin the level. You caneasilycreate
suchlevelsby usingthemoduleAlign Sequences.

Thealgorithmworksiteratively. Startingfrom anarbitraryposition,aforceandarotationwill becalculated
ateachstepresultingfrom theattractionforcesof theatoms.Thealgorithmstopsif thetransformationfrom
onesteptoanotheris smallerthansomeepsilon.Thealignmentfoundis notnecessarilytheglobalminimum
of thesumof distancesbetweenthecorrespondingatoms.However, it will alwaysbea localminimum.

If theglobalminimumis outstanding,it canbeassumedthatthisminimumwill befoundfrom eachstarting
position. In order to find out whetherthereexist other equally good local alignments,thereexists the
possibility to computealignmentsstartingfrom 20 differentpositions. The differentalignmentswill be
storedin a list. You canthencomparethealignmentsvisually aswell asby thedistancebetweenthe two
molecules.

Connections

MoleculeA [required]

First moleculeto which thesecondmoleculewill bealigned.

MoleculeB [required]

Secondmoleculeto bealignedto thefirst one.

Slave [optional]

You might connectany dataobjectto this port, if you wantto applythesametransformationto it thatis
appliedto thesecondmolecule.

Ports

Options

� multipletransforms: If this toggleis notselected,a localminimumwill befoundstartingfrom the
currentpositionsof themolecules.If thetoggleis selected,themoleculeB will betranslatedsuch
that thecentersof themoleculesaccordingto thegroupsfoundin theAlign Level areat thesame



position.Startingfrom thisposition,20rotationswill beappliedto themoleculeB, andthesenew
positionswill beusedasstartingpointsfor thealignment.

� showalignment: If this optionis set,you canobserve thealignmentprocessvisually. Otherwise,
only thefinal alignmentwill beshown.

Transforms

If you computethealignmentwith themultipletransformtoggleswitchedon, this sliderappears.Once
thecomputationis finished,i.e. for all 20 startingpositionsthealignmentwascomputed,you canstep
throughall alignmentsthat differ by an epsilon. The epsiloncanbe setby the commandsetEpsilon.
Notice,thatif thereis only onelocalalignment,it canassumedthatthis is alsotheglobalone.However,
thereis no guarantee.

Align Level

Selectthelevel which is usedfor alignment.

Action

Computealignmentandtransformsecondmolecule.

Commands

getEpsilon

Printsthecurrentepsilonthatis usedfor comparisonof thetransformations.

setEpsilon <value>

Setepsilonto value,which shouldbesmallerthan1.0. Checkthecurrentepsilonbeforesettinga new
onewith thecommandgetEpsilon.

4.2 Align Sequences

This modulealigns the sequencesof two moleculesto eachother. Proteinsaswell asnucleicacidscan
be aligned. Currently, it is not possibleto align t-RNA sequencesbecausethey containmodifiedbases
deviating from the standarddataformat. The modulewill be adjustedandextendedin the nearfuture.
Theoutputof thealignmentis displayedin a separatewindow. Currentlyyou maychoosebetweenlocal,
semiglobalandglobal alignment.Thealgorithmsarebasedon theWatermanalgorithmsfor pairwisese-
quencealignmentsusinga Blosomweightingmatrix for proteinsequencesanda Transition/Tranversion
weightingmatrix for nucleidacids.Considerthefollowing threecasesto decidewhich algorithmto use:

� local alignment
The local alignmentalgorithmis usedbestif you want to matcha shortsequence,possiblya sub-
sequenceor motif of somemolecule,againsta long one. You mayspecifya motif (e.g. a promoter
sequence)andsearchfor it in themoleculeof interest.Beware,thelocal alignmentalgorithmis not
useful for aligning two long sequencesto eachother, e.g. two relatedproteins. You might endup
with an incredibly lot of equallyevaluatedsequences,scatteringthe moleculesin too many pieces.
For alignmentof two long sequences,youshouldratheruseoneof thenext two algorithmsinstead.

� globalalignmentwith gapfunction
In this case,you want to matchtwo relatedlong sequencesto eachother, e.g. two relatedenzymes.
The algorithmmatchesthe whole sequencespunishinglong gapsproportionallylessthana sheer
accumulationof deletions/insertions.
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� semiglobalalignment
If you haveno clueabouttherelationshipof your two testmolecules,it is bestto usethesemiglobal
algorithmfirst becauseit will scanfor the possiblybestmatchingpartsof your moleculeswithout
having to align thewholesequencesaswith theglobalalgorithm.

Connections

MoleculeA [required]

First moleculeto bealigned.

MoleculeB [required]

Secondmoleculeto bealigned.

Ports

Options

Currentlytheonly optionavailableis whetherto show thealignmentor not. This toggleis sensitive if an
alignmentexists,i.e. haspreviouslybeencomputed.

Input

Whichsequencesshouldbetakenasinput for thealignment.Threeoptionsexist:

� MoleculeA andB.
� MoleculeA andthespecifiedmotif (seebelow).
� MoleculeB andthemotif.

Motif

You mayspecifya motif which shallbesearchedfor in a longersequence.This port appearsif oneof
thelasttwo optionsis chosenin the Inputport.

Align Type

You may align proteinsaswell as ribobucleic acids. Specify the type of moleculein the first popup
menu.In thesecondmenuyoucanselectoneof threealgorithmsasexplainedabove: local, semiglobal,
or globalalignment.

Align Sequences

Computealignmentanddisplayit.

Commands

setLimit <value>

With thiscommandyourestrictthenumberof alignmentsgainedfrom onestartpositionof thealignment
matrix. Thedefault is 10.
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4.2.1 Align View

For eachalignmentits numberand additional information are displayedin the first line. Currently the
information includesthe length of the alignment,the numberof insertionsfor both sequencesand the
relative score,i.e. the scoredivided by the lengthof the alignment. The last might be interestingwhen
comparingalignmentsbetweenhomologoussequences.

Thealign view displayscorrespondingresiduesin bluecolor. To getanideaaboutwherein thesequences
similaritieshave beenfound, the restof the sequenceis displayedaswell (in red color). In orderto find
out wherein the sequenceyou are, just click at the position within the sequenceyou are interestedin.
Immediately, the positionsfor bothsequenceswill be shown in the lower left cornerof the window. The
clickedpositionwill bemarkedby a blackrectangle.

Apart from just showing alignments,the moduleAlign Sequencesallows to addalignmentsas levels to
the alignedmolecules.However, sincetheremight be a large numberof alignmentsandonemight only
be interestedin a few, the window offers the functionality of selectingalignments. In order to selecta
singlealignmentleft-click into therow with thelabel i. Alignment. Thelabelwill turn black. If you want
to selectmore thanonealignment,usethe Ctrl-key. An alignmentcanbe unselectedby just clicking
on it again. All currentlyselectedalignmentsarehighlightedby a black framearoundthe label. Those
alignmentscanbe written to the moleculesby pressingthe Accept-button. If all alignmentsarewished,
presstheAcceptAll-button.

Whenanalignmentis written to a moleculeasa new level, all lettersof thesequencethatarenot matched,
i.e. that correspondto a blank,areleft out. Both moleculeswill have a new level with exactly the same
nameandlength.Thus,thoselevelscanbeusedby themoduleAlignMolecules.

4.3 BondAngleView

TheBondAngleView offersanalternative to theMoleculeView. This viewing module,however, doesnot
displayatomsandbondsbut, asthe namesuggests,bondangles,i.e. for every threeatomsconnectedby
two bondsa trianglewill be shown. The vertex colorsarelinearly interpolatedacrossthe triangle. Apart
from coloringthemoleculein analogyto theMoleculeView thebondanglescanbecoloredaccordingto
a specifiedcolor field, e.g. theelectrostaticpotential,anda colormap.Here,apartfrom interpolatingthe
colors,texturemappingcanbeappliedwhich interpolatesthetexturecoordinates.

Connections

Data [required]

Moleculeto bevisualized.

ColorField [optional]

Scalarfield, thatcanbedisplayedon thebondangleby pseudo-coloring.

Colormap [optional]

Color mapneededin conjunctionwith thecolor field.

ContinuousCM [optional]

Thecolormapthatis usedto mapvaluesof float attributesto colors.
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DiscreteCM [optional]

Thecolormapthatis usedto mapvaluesof discreteattributes,like integersandstrings,to colors.

Ports

Draw Style

Thisport is inheritedfrom themoduleViewBase.

Colormap

Thisport becomesvisibleonly if ascalarfield hasbeenconnectedto thecolorfield port.

Transparency

Degreeof transparency.

Color Mode

Allowsyou to switchbetween”normal” coloringmodeandcoloringaccordingto ascalarfield.

Color

For a detailedexplanationseethedescriptionof MoleculeView.

ContinuousCM

Seeexplanationin MoleculeView.

DiscreteCM

Seeexplanationin MoleculeView.

Commands

getOptimalColormapRange
Whendisplayingall atomstherangeprintedby thiscommandis agoodchoiceasrangefor thecolormap.

4.4 ClosestTimeStep

For agivenmolecule,thismodulesearchesfor themoleculewithin amoleculartrajectorywith thesmallest
meansquareddistance.Thereferencemoleculeandthemoleculesin thetrajectoryneedto have thesame
numberof atoms.

Themoduleis especiallyhelpful in conjunctionwith themodulefor thecomputationof themeanmolecule.
It allowsyou to find thetimestepin thetrajectorythatbestapproximatesthemeanmolecule.
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Connections

Data [required]

Moleculartrajectoryfor which themeanmoleculeshouldbecomputed.

ReferenceMolecule [required]

Themoleculefor which theclosesttime stepis searched.

Ports

Action

Startsearchfor theclosesttime stepin the trajectory. The index of the closesttime steptogetherwith
thedistancewill beprintedin theconsolewindow.

4.5 Conformation Volume

Thismoduleenablesyouto computesomekind of probabilitydensityfor thepositionsof atomsandbonds
within a moleculartrajectory. Theinput is anobjectof MoleculeTrajectory. As outputeithera scalarfield
or a color field is generated.In order to visualizethe computeddensityyou can,e.g.,apply the volume
renderingmoduleVoltex.

Sincethetimestepsof themoleculartrajectorycanbearbitrarily rotatedandtranslated,weneedto perform
analignmentfor eachtimestepto fit it bestto somechosenreference.This is doneinternally, but youneed
to specifyhow themoleculesshouldbealignedto eachother. Therearefour optionsamongwhichyoucan
choose.Thefirst usesall atomsfor alignment,which is the recommendedoption. In thesecondyou can
selecta few atoms(seebelow for moreinformation).Thethird andfourth usenoneand’centerof gravity’
alignment,respectively.

For therepresentationof themoleculetwo kindsof geometricobjectscanbeused:spheresandsticks.Here,
spheresrepresentthepositionsof theatomicnucleiandthestickstheexisting bondswithin themolecule.
Youcancomputethedensityfor sticks,atoms,or sticksandatoms.

Connections

Data [required]

Themoleculartrajectoryfor which thedensityshouldbecomputed.

AlignMolecule [optional]

A moleculeto which eachtimestepof thetrajectoryshouldbealigned.

Continuousand DiscreteColormap [optional]

Thosetwo colormapsareusedfor thecolor managementof thecomputedvolume,in casea color field
shouldbegenerated.

Ports

VoxelSize

This value determinesthe size of a voxel, i.e. its height, width, and depth,of the field storing the
probabilitydensity.
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Grid Dimension

Thedimensionof thefield grid resultingfrom thespecifiedvoxel size.

Time Steps

Specifiesrangeof time stepsfor which thedensityshouldbecomputed.

Align all moleculesto time step

All time stepsof the trajectorywill be alignedto this time step. This port is invisible if connection
AlignMoleculeis used.

Align Options

Thedefault alignmentoption is to useall atomsof themolecule.If you connecttheconnectionAlign-
Moleculeto a molecule,usuallya time stepof this trajectorytoo, you mayaswell align the time steps
by usingonly a few atoms.For this you mustview thealign moleculewith theMoleculeView module,
which allows you to selectatoms.The selectedatomsareasyet only storedin the align molecule. In
order to transferthe selectionsto this moduleyou needto pressthe Get button of the Selectionport.
Thereis alsothepossibility to align themoleculenot at all or only to align the’centerof gravity’. This
maysometimesbeusefulbut in generalis not.

Selection

Thisport is visibleonly if selectedatomsis chosenasalignmentoption.With thefirst buttonyouget the
currentlyhighlightedatomsfrom the AlignMolecule, which will be addedto the previousselection,so
pressClear first to makesurethatonly thecurrentselectionis stored.

Shape

Choosethegeometryusedto representthemolecule.If you havea highly varyingtrajectorytherecom-
mendedshapeis cylinders.

Radius Options

Usea uniqueradiusfor all atomspheres(fixed) or take for eachspherethevanderWaalsradiusscaled
by thevalueof port AtomRadius(atomclassdepending).

Atom Radius

Radiusof theatomspheres.

Bond Radius

Radiusof cylindersrepresentingbonds.

Field
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This menucontainstwo options,ScalarField andColor Field. Choosethe first if you only want the
density. If thesecondoption is selected,in additionto thedensity, thecolor informationwill bestored
accordingto thecolorscheme(seeport AtomColors).

Atom Colors

Determineshow thefield regionswill becolored.Seetheport Color in MoleculeView.

Colormaps

Thosetwo colormapsareusedto color the atomsandsticksaccordingto the selectedcolorschemein
AuutomColors. Seethedescriptionin MoleculeView for a detailedexplanation.

Compute

Invokeactions.

� Sincefor the computationof the grid dimensionall moleculesneedto be aligned, for a long
trajectorythis might take sometime. Soit is not desiredto recomputethegrid dimensionall the
time. If theuseris interestedin thesizeof thegrid beforeinvoking thecomputationof thefield,
thebuttonGrid Dimensionmustbepressed.

� PressthebuttonField to startthecomputationof thefield. If thegrid dimensionis not up to date,
it will becomputedfirst.

4.6 MeanMolecule

This modulecomputesthe ’mean’ moleculeof a moleculartrajectoryby averagingtheatompositions.In
order to accomplishthis the moleculesneedto be alignedto somereferencemoleculewhich caneither
be a moleculefrom the trajectoryor someothermoleculewhich canbe connectedto the modulevia the
AlignMoleculeconnectionport.

By computingthe meanmoleculeseveral times,eachtime taking the previous meanmoleculeasAlign-
Moleculeyougeta betterandbettermeanmolecule.

Connections
Data [required]

Moleculartrajectoryfor which themeanmoleculeshouldbecomputed.

AlignMolecule [optional]

In orderto computethemeanmolecule,all moleculesof the trajectoryneedto bealignedwith respect
to a certainmolecule.If you don’t wantto align themoleculesto a time stepof thetrajectory, you need
to connectthis port to someothermolecule. In orderto do so, right-click on the little rectangleof the
moduleicon in the objectpool. As resulta popupappears.SelectAlignMolecule andconnectit to a
moleculein theobjectpool.
Thisconnectionis alsoneededif you wantto useselectedatomsfor alignmentinsteadof all atoms.

Ports
Time Steps

Specifytherangeof themoleculesthatareusedfor thecomputation.
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Align all moleculesto time step

If no AlignMoleculeis connectedthespecifiedtime stepis usedfor alignment.With this method,how-
ever, no atomscanbeselected.

Align Options

Choosebetweenthesetwo optionsfor aligningthemolecules.Note,thatthesecondoptionis disabledif
theconnectionportAlignMoleculeis empty.

Selection

Get selectionfrom AlignMolecule. For a descriptionon how atomscanbe selectedrefer to Molecule
View.

Action

Startcomputationof meanmolecule.

4.7 Measurement

This moduleletsyou determinedistances,angles,anddihedralanglesbetweenatomsof themolecule.

To obtaina measurementyou needto selecttheatomsthatareto beexamined.In orderto selectobjectsin
theviewer you needto switchinto theinteractionmodeof theviewer (for exampleby typing theESCkey
asa toggle)andCtrl-clicking on thedesiredatoms.You canreadmoreaboutselectingstructuresin the
documentationof thehighlightingport of theMoleculeView.

Connections

Module [required]

A moduleof typeMoleculeView which is usedfor theselectionof atoms.

Ports
Thefollowing portswill only bevisible if youhaveselectedtwo atomsfor distancemeasurement,three
atomsfor anglemeasurement,or four atomsfor measurementof dihedralangles.

Selectedatoms

Thisport shows thenamesof theatomsthatform themeasurement.

Angle

Thisport shows thevalueof themeasurement.

Time-Mean

This port is visible if your basemoleculeis derived from a trajectory. It will show the meanvalueof
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the measurementby determiningthe arithmeticmeanover all moleculesthatarepartof the trajectory.
Besides,thestandarddeviationof thetime-meanwill beshown.

Time Plot

Like thetime-meanport thisport is only visible for trajectories.By pushingtheshow buttonyoucansee
theplot of themeasurementagainstthetimestepsof thetrajectory. Theverticalline of theplot indicates
the position of the currently shown time step. The horizontallines show the meanand the standard
deviation.

Selection

With theclearbuttonyoucandeselectall atoms.

4.8 Molecular Interface

Thiscomputationalmoduleprovidesameansto generateintramolecularandintermolecularinterfaces.This
is doneby creatinganobjectof typeLabelField, which is a threedimensionalgrid holdingat eachnodea
label,which representsanareaof themolecule,plusadditionalinformation. Theusualway to visualizea
labelfield in orderto seemolecularinterfacesis to usetheGeneralizedMarchingCubes(GMC) to compute
asurfacerepresentingtheinterfaces.This surfacecanthenbeviewedwith theSurfaceView.

Connections

PrimaryMolecule [required]

Moleculefor which intramolecularinterfacesshouldbecomputed.In caseof thecomputationof inter-
molecularinterfaces,this is oneof themoleculesfor which theinterfacesshouldbegenerated.

SecondaryMolecule [optional]

Secondmoleculefor thecomputationof intermolecularinterfaces.

Ports

Resolution

Resolutionof thelabelfield.

Level

This optionmenuallows you to choosethe level of molecularstructurefor which intramolecularinter-
facesshouldbeextracted,e.g.you might wantto computeatomicinterfaceson a very low level, or you
might just want to generateinterfacesbetweenfunctionalgroupson a higher level or even secondary
structures.This portdisappearsif theSecondaryMoleculeconnectionis used.

Options

TheOptionstogglelist enablesyou to selecttwo options. By selectingsingleradiusall atomswill be
consideredashaving the sameradius,which will beequalto the ScaleAtomsvalue(seebelow). This
option will probablybe rarely used.The secondoption,usedomain, allows you to specifya rangeof
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atoms,or residues,dependingon thespecifiedlevel. All atomsbelongingto this rangewill beassigned
to onesubunit, therestto a secondsubunit. Currentlyonly two regionscanthusbedefined.

Domain

Visible only if usedomainis selectedin Optionslist. In conjunctionwith the chosenlevel, this range
specifieswhich atomwill beassignedto Subunit1. All otheratomsareassignedto Subunit2.

ScaleAtoms

Multiply all atomradii by this value.

EnlargeAtoms

Enlargeall atomradii by this value.

Action

Startcomputationof labelfield.

4.9 MolecularSurface

With this moduleyou areableto computethevander Waalssurfaceandthesolventaccessiblesurfaceof
amolecule.Youcanspecifytheradiusof thesolventspherefor thelattersurface,andalsotheapproximate
edgelengthof thesurfacetriangles.

Connections

Data [required]

Thisport needsto beconnectedto themoleculefor which thesurfaceshouldbegenerated.

Ports

SurfaceType

ChoosebetweenvanderWaalsandsolventaccessiblesurface.

EdgeLength

Specifythesurfaceresolutionby giving theapproximateedgelength.

Solvent Radius

Choosea radiusfor thesolventmolecule.This port is only visible, if you want to computethesolvent
accessiblesurface.

Action

Startcomputationof surface.As resultof thecomputation,anobjectof typeSurfacewill begenerated.
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4.10 MoleculeView

TheMoleculeView allows you to displaymoleculesin threedifferentrepresentations:atomspheres,wire
frame,andball-and-stick. For eachof theserepresentationsthereexist two quality modes,a fastanda
correctmode.

Atomscanbecoloredaccordingto thegroupingsdefinedon themolecule,likeatoms,residues,andchains.
Moreover, thedisplayedpartof themoleculecanberestrictedby usingtheselectionbrowseraswell asby
interactionin theviewer.

In additionto just visualizingmoleculesthis moduleprovidestoolsthat facilitateinteractive working with
themolecule.For exampleyou canselectatomsto find out which index they have andwhich groupthey
belongto. The ability to selectatomsis alsoa preconditionfor the alignmentproceduredescribedin the
sectionMolecule.

In orderto measuredistancesandanglesin themolecule,right-click theMoleculeView in theobjectpool,
whichwill opena popupmenuwith theentryMeasurement.

Connections

Data [required]

Themoleculeto bevisualized.

ReferenceMolecule [optional]

A referencemoleculemustbeconnectedif you want to studythealterationof the torsionanglesfrom
onetimestepof a moleculartrajectoryto another(seetheOptionsport below for moreinformation).

ContinuousCM [optional]

Thecolormapthatis usedto mapvaluesof float attributesto colors.

DiscreteCM [optional]

Thecolormapthatis usedto mapvaluesof discreteattributes,like integersandstrings,to colors.

Ports

Mode

Selectoneof threemaindisplaymodes:balls,sticks,or ballsandsticks.Thedefault is sticks.

Quality

Theappearanceof theballsandstickscanbealteredbyselectionof oneof two differentqualities,namely
a fastanda correctmode.
The fastmodeshows sticksas lines andspheresby renderinga squarewith the imageof the sphere.
Thispermitsto displayevenlargenumbersof spheresat interactivespeed.However, showing theimage
of a spheremeansthestericalexpansionof thespherein only two directionsis taken into account.As
long asyou don’t have intersectingspheresyou will not seea differenceto a perfectlyrenderedthree
dimensionalmodelof asphere.
In thecorrectmodespheresarerepresentedby texturedtriangularmeshesandsticksby cylinders.

Options

Singleradius: displayall atomswith thesameradius.
Bondtype(only in fastqualitymode): displaycorrectbondtype,e.g.single,double,triple, or aromatic.
Torsionangles: displaytorsionanglesby theuseof a coil aroundthestick.
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Atom radius

If the option singleradius is selected,the valuegiven herewill be interpretedassphereradiusfor all
atomspheres.OtherwisethevaluescalesthevanderWaalsradiusof theatom.

Bond radius

Radiusof cylindersrepresentingbonds(only visible in correctdisplaymode).

Twist factor

Allows to changethetwistingdegreeof thecoil.

Color

A moleculemaybecoloredaccordingto differentschemes.For example,eachatomof a specifictype
mayget thesamecolor. Anotherpossibility is to give all atomsbelongingto a certaingroupthesame
color. Thefirst menuspecifiesthegrouplevel, suchasatoms,functionalgroups,residues,andsecondary
structures.The secondmenuallows the userto decidewhich attribute of the specifiedlevel shouldbe
consideredto color its groups.
If you pressthebuttonLegend, a separatewindow will beopened,which displaysa legendof thecolor-
ing, i.e. a tableassociatingcolorswith attributevaluesaccordingto thecurrentcoloring. Clicking on a
text to theright of acolor will selectall atomswith thiscolor.

ContinuousCM

The colormapthat is usedto mapvaluesof float attributesto colors. To get the optimal mappingyou
needto settherangecorrectly. Therangeof valuescorrespondingto thechosencoloringwill beprinted
in theconsolewindow whenever thecolorschemechanges.
The default colormaphasa constantcolor over the whole range. By leaving it constantyou give all
atomsthesamecolor, which maybeimportantwhencomparingdifferentmolecules.
For moreinformationseethesectionaboutcolormaps.

DiscreteCM

Thecolormapthatis usedto mapvaluesof discreteattributes,like integersandstrings,to colors.Again,
youneedto settherangecorrectly.

Highlighting

Thisport providesfunctionalityfor highlightingatomsin theviewerwindow.

� WhenpressingtheBoxbuttonaboxwith thesizeof theboundingboxof themoleculewill appear
in the viewer. All atomscontainedin the box will be highlighted. You canchangethe sizeof
the box in interactionmodeby clicking on one the highlightedhandlesof the box. Keepthe
mousebuttonpressedandpull in the desireddirection. Notice, that the box will not exceedthe
molecule’sboundingbox. Youcanalsomovetheboxwithin theboundingboxby clicking onone
of theboxes’sides.Pressingtheboxbuttonasecondtimehidesit.

� After pressingtheDrawbutton,youcandraw a line in theviewerwindow whichselectsall atoms
thatareinsidetheline.
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� TheClear buttonunhighlightsall atomsandhidesthebox, if it is visible.
� Apart from thepreviouslydescribedmethodsfor theselectionof atomsyou mayalsoselectparts

of themoleculeby picking in theviewer window. In orderto do soyou needto bein interaction
mode.Also, theatomsneedto bedisplayed.If you now pick anatom,it will behighlighted. If
youpick anotheratomthepreviouslyhighlightedatomswill beunhighlightedandthenew atomis
highlighted.Ctrl-clicking anatomthat is alreadyhighlightedunhighlightsit. Otherwiseit will
beaddedto theselection.
If youShift-click anatom,thewholegroupof thelevelspecifiedin themenuwill behighlighted.
TheShift key canalsobeusedin conjuctionwith theCtrl key.

Commands

complexity setValue <value>
Using this commandyou cansetthe complexity of the scenedisplayedby this viewing module. The
complexity controlsthenumberof trianglesusedfor visualizingatomsandbonds.In fastmodeit also
regulatesthesizeof thetextureusedfor displayingtheatoms.Thevalueneedsto be in therange[0.0-
1.0].

getOptimalColormapRange

Whendisplayingall atomstherangeprintedby thiscommandis agoodchoiceasrangefor thecolormap.

linewidth setValue <value>
Setsthewidth (integervalue¿0) of thelinesin wire framemode.

setTextureAntiAliasing <value>

This commandenables(1) or disables(0) antialiasingfor the texturesusedin fastspheremode. An-
tialiasinghasno impacton therenderingspeed.However, if antialiasingis enabledandyou have many
differentcolors,thegenerationof thetexturesmightbeconsiderablyslower.

4.11 Observables

This moduleallows to display somestatisticsabouta moleculartrajectory. All propertiesstoredin the
trajectorymaybedisplayed,suchaspotentialenergy, kineticenergy, total energyetc.

Connections

Data [required]

Themoleculartrajectoryfor which propertiesshouldbedisplayed.

Time [optional]

A timeobjectthatmaybeconnectedto themodulein orderto synchronize,e.g.,a viewing modulewith
theline in theplot window, indicatingthepositionof thetimestepwithin thetrajectory.

Ports

EditT ime

Thisportis mostusefulin conjunctionwith aviewingmodulein orderto seethepropertyof thedisplayed
time step. In orderto createa time objectclick the time slider with the right mousebutton andselect
Createtime from the menu. As a resulta time objectwill appearin the objectpool, which shouldbe
connectedwith anobjectof typeMoleculewhich canbevisualizedwith, e.g.,theMoleculeView.
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ObservableType

Choosethetypeof propertywhich shouldbeplotted.

Action

Plot theObservableTypewithin a new window.

Plot Option

Selectthis toggleif thevaluesof theplottedpropertiesat thecurrenttimeareshown in theplot window.

4.12 SecStructureView

This moduleprovidesthe functionality for viewing thesecondarystructureof a molecule.It relieson the
informationgivenin thedataentryof theconnectedmolecule.You canonly view helices,sheetsandturns
if informationaboutthesestructureshasbeenreadin (for examplefrom apdbfile).

The backbonewill be interpolatedby usingthe coordinatesof thoseatomswhosecommentis setto ”N”
and”C” (if the structureis a polypetide)or respectively ”O5*” and”O3*” (if the structureis a DNA or
RNA) If theatom-commentattributedoesnot exist (for examplemoleculesthathave beenimportedfrom
unichemfiles) nobackbonecanbeviewed.

Connections

Data [required]

Themoleculethatis to beviewed.

BackboneColormap [optional]

Thisport letsyouconnectthecolormapof thebackboneto auserdefinedcolormap.A similarportexists
for helices,sheets,andturns.

Ports

View Options

To switchbetweentheoptionsof thedifferentstructuretypesyoucanusetheseradio-buttons.Theoption
portsfor thedesiredstructurewill thenbevisible.

BackboneRadius

Thisport letsyouchangethebackboneradius.

BackboneOptions

With thetoggleshowin filteredpartsyou canchoosewhetherthebackboneshallbeviewedin partsof
themoleculethatbelongto any structuresthathavebeenhiddenusingthefilters.

BackboneColoration
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Thesettingof this port determinesin which way thebackbonewill becolorized. You cancolorizethe
chainsor theresiduesin thecolorsdefinedby thecolormapport.

BackboneColormap

By right-clickingon this port you canchoosebetweendifferentcolormaps.

If a constantcolor is selecteda left-click on theport will opena color editor. If a colormapis selected
thena left-click will createa colormapobjectin theobject-pool.A similar port is availablefor helices,
sheetsandturns.

BackboneColor Legend

The color legendhelpsyou to associatethe colorsto the namesor typesof the coloredstrucutres.A
similarport exits for helices,sheetsandturns.

Helix shape

Thisport letsyouchoosebetweendifferentmethodsfor viewing helices.

The tubeview will show thehelix by drawing a tubeconnectingtheinterpolatedbackbonecoordinates.

The cylinder view will approximateaxis using a leastsquareerror minimization for the sum of the
distancesbetweenthebackbonecoordinatesof thehelix andtheaxis. Theseaxiswill beusedto center
thecylindersfor thehelices.

Theribbon view is simlilar to thetuberepresentationexceptthatthebackboneis shown usinga surface
whosenormalsaresetperpendicularto a line fitting thehelix.

The tubular view will show a tubefitting thehelix.

Helix Radius

With this port youcanadjusttheradiusof theshown tubes,cylindersor tubulars.

Helix Ribbon Width

Thisport canbeusedto adjustthewidth of ribbon.

Helix Ribbon Options

Theoption3D enablesa threedimensionalrepresentationof theribbonsurface.

Helix Colormap

Theuseof this port is similar to thebackbonecolormap.

Helix Color Legend

Theuseof this port is similar to thebackbonelegend.

SheetShape

Thisport letsyouchoosebetweendifferentmethodsfor viewing sheets.
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The tubeview will show thesheetusinga tubeconnectingtheinterpolatedbackbonecoordinates.

Thearrow view will show arrows insteadwhich show the orientationof the planesthatareformedby
theadjacentstrandsandthehydrogenbridgesbetweenthem.

SheetArr ow Width

Thisport is visible if you view thesheetsasarrows. It determinesthewidth of thearrows.

SheetArr ow Options

Theoptionsbroadheadand3D configurethestyleof thearrows further.

Theoptionsmoothwill bezierinterpolatethebackbonecoordinatesof thesheet.

SheetRadius

If youview thesheetsastubesthis port letsyouconfiguretheradiusof thetubes.

SheetColormap

Theuseof this port is similar to thebackbonecolormap.

SheetColor Legend

Theuseof this port is similar to thebackbonelegend.

Turn radius

Thisport letsyoudeterminetheradiusof theturn tubes.

Turn Colormap

Theuseof this port is similar to thebackbonecolormap.

Turn Color Legend

Theuseof this port is similar to thebackbonelegend.

View Structur es

Thisport canbeusedto filter out thebackboneor all sheetshelicesandturns.
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Chapter 5

Alphabetic Index of Components

5.1 MoleculeSelectionBrowser

The selectionbrowser is a handy tool for the easyinvestigationof the two-dimensionalstructureof a
molecule. It consistsof threemain parts: the menubar, a scroll window, anda highlighting section. In
the scroll window all itemsof a chosenlevel will be displayed. Most of the popupmenusin the menu
bar allow the userto control what is beingshown in the scroll window. Finally, the highlighting section
providesfurtherfunctionalityfor theselectionof itemsin thescrollwindow.

The selectionbrowserenablesthe userto quickly selectpartsof the molecule,which will thenbe high-
lighted in the browseraswell as in the viewer by the viewing modulesconnectedto the molecule. The
highlightingallows to establishacorrelationbetweenthetwo- andthethree-dimensionalmolecule’sstruc-
ture.Highlightedatomscanbeusedfor masking.Thus,theusercanconcentrateon theregionsof interest.
Furthermore,themaskingallows to combinedifferentrepresentationsin aneasyway.

The scroll window

Displayed information

In this window all itemsof somechosenlevel aredisplayedhierarchicallyin the first column. An item
might beasingleatomor a groupof items.

If thereexists additionalinformationfor an item, this will be displayedin the following columns. If the
informationis not available,theentrywill beempty. Additional informationtypically includesthe item’s
type,andthemembershipof theitem in somelevel. Note,thatonly thedirectmembershipwill beconsid-
ered,i.e. if an item is not a memberof somelevel, but a memberof somegroup,which is an item of the
level, themembershipinformationwill not bedisplayed.An exceptionis beingmade,if ’atoms’ is chosen
asmasterlevel. In thiscase,wedisplayall groupsof theinformationlevel theatomsomehow belongsto.

If thereareany viewing modulesconnectedto the molecule,therewill be morecolumns(let’s call them
viewer columns)to the right of the info columns- oneper module. Thesecolumnsareusedto display
whetheranitem is shown by theviewing modules.For eachitem a rectanglewill bedrawn in eachviewer
column. If the item is fully shown by the viewing module,the rectanglecontainsa tick. If it is partially
shown, i.e. somebut notall of its groupitemsareshown, thetick will begreyish. Thereis oneothersymbol,
which might getdisplayedin therectangle,a ’B’. The’B’ standsfor backboneandindicatesthat theatom
belongsto thoseatomscurrentlydefinedasbackbone.This will bedescribedin thefollowing subsections.
The ’B’ might be blackor grey. Again, grey meansthe atomis not displayedby the viewing module. A
blackletterindicatesthattheatomis shown, but simply becauseit belongsto thebackbone.



Item and information columns

If anitem is a group,i.e. it containsitems,a little icon will beplacedto theleft of theitem name.You can
click on theicon to open/closetheitem, i.e. to show or hidethecontaineditems,respectively.

In order to selectan item in the scroll window the usercanclick on the respective item, which will be
highlightedimmediately. To toggletheselectionof anitem you mustCTRL-click theitem. WhenSHIFT-
clicking an item a whole rangewill be selected.You canalsopull the mousewith the left mousebutton
pressedover a coupleof itemswhich selectsall of them.CTRL-click andpull againtogglestheselection.
If anitemis fully selected,it will behighlightedin red. If at leastonebut notall of its subitemsareselected,
wecall theitempartially selectedandhighlight it in green.

Thereis alsothepossibility to selectitemsby its typeor someotherinformationin oneof theinformation
columns.If you click on thedisplayedinformationfor someitem,all itemswith thesameinformationwill
alsobeselected.

Viewer columns

If thereareany viewing modulesconnectedto themolecule,suchasMoleculeView, BondAngleView, or
SecStructureView, therewill beviewer columnsin additionto the masterandinformationcolumns- one
per viewing module. Eachof thesecolumnscontainsa tick box for eachitem displayed. The tick box
containsinformationaboutwhetheran item is shown by a viewing moduleor not. Before the different
statesof a tick box will beexplainedwe make a shortexcursion.For convenience,all atomsareclassified
asbelongingto thebackboneor not, wherebywe usepredefinedbackboneclasses.You mayrestrictyour
selectionto only backboneatoms,whichmeansthatanatomwill only bedisplayedby theviewing module
if it belongsto thebackbone.Apart from thatyou mayalsowantto show at leastall backboneatomsplus
additionalatoms.Therefore,internally thereexist two arrays,onecontainingall backboneatomsandone
containingso-called’selected’atoms.Dependingon thebackbonemodetherearethreechoices:

� all atomscontainedin eitherarraywill bedisplayed,or
� all atomscontainedin botharrayswill bedisplayed,or
� only thoseatomscontainedin the’selected’-arraywill bedisplayed.

Usingthosetwo arraysallows theuserto quickly changebetweenbackboneatomsandall otherswithout
loosingthepreviousatommasking.

Now let’s go backto thetick box’ states.Therearefive differentstatesof a tick box,wherebythereis one
statewith two differentmeanings.

� Thebox is empty- thecompleteitem is not shown by theviewer.
� Theboxcontainsablacktick - thecompleteitem is shown.
� Thebox containsa grey tick andtheitem is anatom- theatomis a memberof the’selected’-array,

but is still not shown dueto thebackbonemode,i.e. it doesnot belongto thebackbone.
� The box containsa grey tick andthe item is not an atom- the item is only partially shown in the

viewer.
� Thebox containsa black ’B’ (only for atoms)- theatomis shown simply becauseit belongsto the

backbone.
� Theboxcontainsagrey ’B’ (only for atoms)- theatomis not shown, but belongsto thebackbone.

Clicking on a box togglesits state.You mayalsoclick on oneitem andthenpull themousepointerovera
numberof items.All of theseitemswill besetto thesamestateasthefirst item.

Apart from directly clicking on a box thereis yet anotherpossibility to changethestateof thetick boxes.
If you click on the headerof a viewer column with the right mousebutton a popupmenuwill appear
containingthefollowing entries:
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� Add - addsthecurrentlyhighlightedatomsto the’selected’-array.
� Remove- removesthehighlightedatomsfrom theselection.
� Replace- replacesselectionby highlightedatoms.
� Clear- clearsthe’selected’-array.
� All - selectsall atoms.
� Restrictto - thispopupmenuallowstheuserto restrictthesetof displayedatomsto somepredefined

set.
� Combinewith - if oneof theentriesin this popupmenuis selected,thechosensetwill bethemini-

mumsetthatis beingdisplayedby therespectiveviewing module.
� Set- the’selected’-arrayis setto thechosenpredefinedsetof atoms.Startingfrom thisselectionyou

canaddor removepartsof themolecule.

Highlighting section

Thisbrowsersectionconsistsof atext field andabuttonrow. In thetext field youcantypeatomexpressions,
which will beexplainednext.

Atom Expressions

Syntax

atomExpr� ( atomExpr)�
NOT atomExpr�
atomExprAND atomExpr�
atomExprORatomExpr�
WITHIN (atomExpr,float)�
BONDED (atomExpr[,int])�
CS�
atomSpecifier

atomSpecifier� hierName[/attrName]=ID

hierName standsfor a nameof a hierachylevel. The following abbreviationscanbe usedfor the most
commonlevels:
a=atoms,r=residues,b=bonds,s=secondarystructure

attrName is optionalanddefinesthe nameof an attribute (e.g. temperature,occupancy, type ... ) of the
givenlevel. If it is omittedtheID is supposedto specifytheinternalnameusedby Amira asshown by the
list command.If anattributenameis given,theID is supposedto standfor valuesof theattribute.

To seewhich hierachylevelsandrespectiveattributesaredefinedfor thegivenmoleculetake a look at the
Color-Scheme-Portof theMoleculeView. Theright pull down menuwill show all availableattributesfor
thelevel chosenin theleft pull down menu.

ID specifiesanidentifierof a memberof thegivenhierarchyandattribute. It canbethename/index of the
group(eg. L112 for theresidue112on theL chain)or thetype(eg. ASPfor all asp-residues).Wildcards
suchas* and? maybeusedor ranges(e.g.L112-L115)maybegiven.

SeveralatomSpecifiercombinationscanbeusedin oneexpressionby linking themlogically via theopera-
torsAND, ORandNOT (short&,

�
and!). Prioritiescanbespecifiedusingusualbrackets( and).

TheWITHIN(selExpr,float)operatorselectsall atomswhich arenearerthanfloat Angstroemto any of the
atomsspecifiedby atomExpr.

With theBONDED(selExpr[,int])operatorall atomswhicharerecursivly connectedto any atomsspecified
by selExprwill bechoosen.Youcanoptionallygiveanintegervaluedefiningthemaximalbond-steps.If it
is omittedtherewill beno limit.

CSletsyouspecifyall currentlyselected(highlighted)atoms.
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Shortcuts
Amira also offers shortcuts that have been assembled by using the previously men-
tioned syntactical elements. The shortcuts can be found in your local Amira directory in
share/molecules/atomExpr.cfg andcanbeeditedandsupplemented.

Thestandardaliasesincludedin thecurrentAmira releaseare:

acidic acidicaminoacids
acyclic acyclic aminoacids
aliphatic alipathicaminoacids
alkali atomswhich arealkali metals
alkaliearth atomswhich areearthalkali metals
amino aminoacids
aromatic aromaticamicoacids
at adenineor thymine
backbone atomsof proteinor DNA/RNA
basic basicaminoacids
buried amicoacidswhich areusuallyfoundinsidetheprotein
cg cytosineor guanine
charged chargedaminoacids
cyclic cyclic aminoacids
h2o watermolecules
helix helices
halfmetallic atomswhich havehalfmetallicproperties
halogens halogenicatoms
hetero heterogenicatoms
hydrophobic hydrophobicaminoacids
ions chargedheterogenicatoms
metallic atomswhich havemetallicproperties
neutral neutralaminoacids
noblegas atomswhich havenoblegasproperties
nonmetallic atomswhich havenonmetallicproperties
nucleic nucleicacids
nucleicbackbone backboneatomsof RNA/DNA
polar polaraminoacids
proteinbackbone backboneof apolypeptide
purine adenineor guanine
pyrimidine cytosineor thymine
sheet sheets
sidechain atomsof th proteine/RNA/DNA which do not belongto thebackbone
site
surface aminoacidswhich tendto befoundon thesurfaceof molecules
turn

Examples

� atoms=5-8

all atomswhoseindex is between5 to 8.
� s/type=helix AND NOT (a=C OR a=N)

all atomswhich belongto helicesexceptC andN atoms.
� r/type=A*

all atomswhich belongto residueswhosetypenamebeginswith theletterA.
� BONDED(a=4 OR a=100,6)

all atomswhich areconnectedover6 or lessstepsto thetwo specifiedatoms
� WITHIN(r=A11,3.1) AND C
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all carbonatomswhicharenotawayfurtherthan3.1Angtroemfrom atomsof theresidue11onchain
A

� acidic AND helix

all carbonatomsof acidicaminoacidswhich belongto helices

Buttons

Thebuttonswork in conjunctionwith theexpressionin thetext field. Whenpressingany of thefirst three
buttons,theatomexpressionwill beevaluated,andtheatomscorrespondingto theexpressionwill beadded
to, removedfrom, or replacethe highlighting, respectively. The last two buttonsclearthe highlightingor
highlight all items,respectively.

Menu bar

Themenubarcontainsa coupleof popupmenuswhich will beexplainedbelow.

MasterLevel

TheMasterLevel menucontainsall levelscurrentlydefinedin themolecule’s topology. All groupsof the
currentmasterlevel will bedisplayedin thescrollwindow.

Options

The Optionsmenuallows the userto quickly openandcollapseitems, i.e. to show andhide the items
containedin otheritems.

Inf o

With thehelpof the Info menuyou candisplayadditionalinformationcolumns,suchastype,or theitem’s
membershipin somegroupof somelevel.

Viewer

If youhavemany viewingmodulesconnectedto themolecule,thenumberof columnsmightconfuseyou. If
youareonly workingwith oneor a few of theviewing modules,youmightwantto hidetheothercolumns.
This canbedonewith thehelpof this menu.

Highlighting

By default,all viewing modulesthatallow highlightingwill highlight all selectedatoms.TheHighlighting
menuenablestheuserto turnhighlightingfor eachviewing moduleon andoff.
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Chapter 6

Alphabetic Index of Data Types

6.1 MolTrajectory

An objectof typeMolTrajectoryrepresentsa trajectory, i.e. aseriesof molecularconfigurations.Eitherthe
trajectorywasloadeddirectly from afile. Alternatively it canbeattachedto anobjectof typeMolTrajecto-
ryBundlesinglingoutoneof thetrajectoriescontainedin thatbundle.

Connections

Bundle [optional]

The trajectorymay be connectedto a trajectorybundle. If so, the Trajectoryport will appearin the
workingareawhich enablestheuserto controlwhich memberof thebundlethis trajectoryrepresents.

Ports

Trajectory

TheTrajectoryport is visible only if thetrajectoryobjectis connectedto a trajectorybundle.Themenu
offersyou thechoicebetweenthetrajectoriescontainedin thebundle.

6.2 Molecular Field

An objectof this dataclassextractsmolecularproperties,representedas uniform scalarfields, from an
objectof typeMolecule. Thesescalarfieldscaneitherbevisualizeddirectly with severalviewing modules
typical for visualizing scalarfields suchas OrthoSliceor Voltex. Furthermore,the scalarfields can be
displayedon a surfacein pseudo-colormode,e.g. on a molecularsurface. Finally, you cancomputethe
gradientof thescalarfield andvisualizetheresultingvectorfield with theDisplayISLmodule.

Connections

Molecule [optional]

Connectionto moleculefrom whichfieldsareextracted.



Ports

Field Type

Field, thatshouldbeextractedfrom molecule,e.g.electrostaticpotential.

6.3 Molecule

An objectof datatypeMoleculecontainsinformationaboutthestructureof amolecule.Typical information
thatarestoredarethetypesandpositionsof themolecule’satomsandthebondsbetweentheatomsplusthe
typeof eachbond.Furthermore,thedataobjectstoresinformationaboutgroupsof atomsin a hierarchical
way. For examplea functionalgroupconsistsof a numberof atoms,several functionalgroupsmay form
a residue,anda coupleof residuesmay form a secondarystructure. This allows to quickly traversethe
structureof amolecule.

In additionto structuralinformation,an objectof typeMoleculemay containpropertyfields, suchasthe
electrostaticpotentialor hydrophobicity,whichcanbeextractedfrom themoleculeby clicking themolecule
icon in the objectpool andselectingMolecularField, which resultsin an objectof type MolecularField
appearingin theobjectpool.

Moleculescanbevisualizedwith oneof the following viewers: MoleculeView, BondAngleView, or Sec-
StructureView. In additionto that therearetwo modulesby which somekind of molecularsurfacecanbe
generated.TheMolecularInterfacemodulecanbeusedto generateintramolecularinterfaces,suchasbe-
tweensingleatomsor residues.Beyondthat this modulealsopermitsthegenerationof thevan-der-Waals
surfaceof amolecule.Also, theinterfacebetweentwo moleculescanbecomputed.TheMolecularSurface
moduleprovidesthefunctionalityof computingtheSolventExcludedSurface.

When comparingthe structuresof several moleculeswith eachother one is facedwith the problemof
aligningmoleculesto eachother. This canbeeasilydoneby connectingtheAlignMasterconnectionport
to a secondmoleculewhich will serve asreference.Thereareseveralalignmentmodes.If themolecules
havethesamenumberof atomsyoucanalign thetwo moleculesto eachotherby usingall atoms,whereby
thei’ th atomof thefirst moleculecorrespondsto thei’ th atomof thesecondmolecule.Youmayalsoselect
atomsin eithertheSlaveor theMastermolecule.TheSlaveis themoleculeto bealigned.If themolecule
havedifferentnumbersof atoms,theonly way to align moleculesis to selectatomsin bothmolecules.

Connections

Data [optional]

Themoleculemaybeconnectedto amoleculardynamicstrajectory. If so,aportTimewill appearin the
working areawhichenablestheuserto loadnew time stepsinto themolecule.

AlignMaster [optional]

In orderto align a moleculeto anotherone,this portmustbeconnectedto a secondmolecule.

Time [optional]

Sometimesit may be requiredto synchronizetwo or more time dependentdata objects,such as a
moleculefrom a trajectoryandthe correspondingelectrostaticfield. In this casethe time port canbe
connectedto a time object.

Ports

Alignment

Thisportconsistsof two menus.Thefirst oneallowsyouto specifyhow themoleculeshouldbealigned.
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Possibleoptionsare original, centerof gravity and to alignmaster. The first option meansthat the
moleculewill notbealignedatall, but remainsat its originalposition.If thesecondoptionis chosen,the
centerof themoleculesatomsis computedandthemoleculeis translatedsuchthat this centeris at the
origin of thecoordinatesystem.Thethird option,finally, allows theuserto really align two molecules
to eachothertaking the moleculesstructureinto account.However, this option is only enabledif the
connectionportAlignMasteris connectedto asecondmolecule.If to alignmasteris selected,thesecond
menubecomesimportant,whichspecifieshow thealignmentis carriedout. Theeasiestway is to useall
atoms. This, however, is only allowed if the two moleculeshave the samenumberof atoms.The last
option,selectatomsin 2 molecules, is useful if you have two moleculesthat do not agreein the atom
sequence.Thus,you needto specifythecorrespondingatomsof thetwo molecules.You do this by the
sequenceof selection.If you have two differentstructuresof the samemolecule,however, you might
not want to selectthesameatomsin bothmolecules.As convenienceoptionsfor this serve thesecond
option,selectatomsin slavemolecule, andthelastone,selectatomsin mastermolecule. Theselection
is donevia theMoleculeView.

Align Selection

Thisportappearsif youwantto align themoleculeto alignmasterandthespecifiedoptionin thesecond
menuis notuseall atoms. Theselectionsthatyoudo in theMoleculeView arenotautomaticallyhanded
over to thealignmentprocedure,but mustbeexplicitly loadedby clicking theGetbutton. As resultthe
currentselectionwill be appendedto the previous selections.If you want to make sure,that only the
currentselectionsareused,click theClear buttonbeforeyougettheselection.

Action

Pressthisbuttonif youwish to carryout thealignment.

Time

TheTimeport is visibleonly if themoleculeobjectis time dependent,i.e. it is connectedto amolecular
dynamicstrajectory. In the slider you canselecta specifictime step. If you wish to stepthroughthe
trajectoryusethebuttonsnext to theslider. For continousanimationusetheouterbuttons.

SelectionBrowser

Pressthisbuttonif youwish to opentheselectionbrowserfor this molecule.

Commands
Theconsolewindow offerssomeadditionalcommandsfor molecules.

Theeasiestway to usetheconsolefor amoleculeis to click on themoleculeobjectin thework areaand
thenpresstheTAB-key in consolewindow to promptfor the nameof the selectedobject. Behindthe
nameyou canusethefollowing selectioncommands:

list

Listsall levelsdefinedfor themolecule.

list <levelName>
Listsall groupsof level levelName.

list <levelName/[groupName|groupRange]>

Printsinformationabouta singlegroupor a numberof groupsspecifiedby agrouprange.
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define <levelName/groupName> <groups>
This commanddefinesa new groupgroupNamein thelevel levelName. If levelNamedoesnot yetexist,
it will be addedasa new level. groupsis a list of groupsof possiblydifferent levels. Groupscanbe
specifiedusingranges.
Example: The following commanddefinesa groupone in level testconsistingof atoms1 and3 and
residues4 to 6.

� define test/one atoms/1 atoms/3 residues/4-6

defregexp <levelName/groupName> <atomExpr>

Definea new groupby usingatomexpressions. Thenew groupwill only containatoms,i.e. no higher
level groups.

sel <atomExpr>

Letsyouaddatomsspecifiedby atomExprto thecurrentselection.
Example:Thefollowing commandwill selectall carbon-atomswhicharelocatedin helices.

� sel a=C AND s/type=helix

desel <atomExpr>
Letsyou removeatomsfrom theselection.

applyTransform
Thecurrenttransformis appliedto the molecule,i.e. the original atomicpositionsarereplacedby the
transformedone’s.
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Chapter 7

Alphabetic Index of File Formats

7.1 MDL

Thefile formatsdf is partof thesetof MDL file formatsto save chemicalstructures.

Amira usesandwritestheinformationof theatomandbondblocks.

7.2 PDB

PDB is a file format for storingstructuresof biomolecules.Theformat is usedfor archiving moleculesin
theonlineproteindatabase.[http://www.rcsb.org/pdb/]

Supported records

Amira usespartsof theinformationthatis givenin a pdbfile. All following recordtypeswill beparsed:
HELIX SHEETTURN SITEMODEL ENDMDL ATOM HETATM TERCONECTEND
Therestwill beskipped.

Whensaving a structurethefollowing recordtypeswill bewritten:
HEADER TITLE AUTHOR
SEQRESHELIX SHEETTURN SITESSBOND
ATOM HETATM TER CONECTMASTEREND

Amira supportspdbfiles thatfollow theconventionsof theformatversion2.0or higher.

How to identify pdb groupsin Amira

In Amira all levels (atoms,residues,bonds, ...) containassetof informationfields or attributes. Every
level containsthe fields ’name’ and ’index’ with the latter onebeingan internal identifier that doesnot
necessarilycorrespondto thesuccessionof thegroupsin thefile.

If themoleculehasbeenreadfrom apdbfile thentheatom namecorrespondsto theserialnumber(colums
7 - 11)of therespectiveATOM records.

The’comment’field containstheinformationof thefield named’atom name’(colums13 - 16) in thePDB
file.

The ’name’ field of chains containsthe chainID (column22) of the respective ATOM record. HETATM
recordswhosechainID field is emptywill not belongto any chain in Amira. The chainnameof atoms
belongingto ATOM recordswhosechainIDfield is emptywill besetto ’NIL ’.

The’name’fieldsof residiuesarecomposedof thechainnameandtheresiduesequencenumber(columns
23 - 26). If theresidueis a het-groupthenamewill startwith ’HET’.

Thefield ’ type’ containstheresiduenames(columns18- 20). If noneis giventhefield will besetto ’UNK’



(for unkwnown).

Example:

ATOM 441 CB VAL L 58 21.025 37.362 -2.515 1.00 8.15 1IGM 562

Theatomwill beknown with name’441’ andcomment’CB’. It will belongto theresiduewith name’L58’
andof type’VAL’ which is sitedon thechainwith name’L’.

Possibleproblems

Amira canreadseveral modelsof onemoleculeif the differentversionsareseparatelydeclaredbetween
MODEL andENDMDL records.If thereareseveralpossibleconformationsin onemodel(by usingalter-
natelocationidentificators)Amira will readonly thefirst version(thatonewith thealtLocId ’A’).

Columns77-78shouldcontainthe elementnameof the atom. In somePDB files this field is emptyor
containsotherinformation. In this caseAmira usesthefirst two lettersof theatomnameto determinethe
atomtype. However in specialcasesthis is not unequivocal. It is not allowedthat thefield containssome
otherinformationthatis not numerical.

All informationin column79-80is interpretedasthe chargeof the atom. Thuslinenumbersin this field
will leadto strangechargevalues.

All bondsof aminoacidsandnucleotideswill becreatedusinganinternaldatabase.Bondsof nonstandard
residueshave to bedeclaredin theconnectrecords.

Youcangeta completedocumentationof thefileformatathttp://www.rcsb.org/pdb/.

7.3 PSF/DCD(CHARMM)

This is a formatusedby CHARMM. It consistsof two files, oneholdingthestructuralinformation(suffix
.psf)andonecontainingthetrajectory, i.e. theatomcoordinates(suffix .dcd).

Amira canreadthis formatandtranslatesthesectionsof thepsf-file into groupinglevels.

7.4 Tripos

The file format mol2 is used to save Tripos Sybyl molecule information. See more at
http://www.tripos.com/services.old/mol2/index.html.

Amira usesandwritestheinformationgivenin themoleculeatomandbondrecords.

7.5 UniChem

Theuni fileformatis usedby themolecularmodellingsoftwareUniChemto savethestructureof molecules
andcomputationalresults.Seemoreat http://www.oxmol.com/software/unichem/.

Amira usesall structuralinformationwhich is givenin theCOORDINATESandBONDSblocks.Filesthat
wereexportedby Amira follow thefile formatversion4.0andcanbeusedwith theUniChemsoftware.

7.6 ZIB Molecular File Format

ZIBMolFile is astructuredfile formatdevelopedfor exchangingmoleculardata.

This descriptionis dividedinto two parts.First we describethegeneralandcontext independentfile struc-
ture. In a secondstepwe explainourstructuringconventionsfor moleculardata.
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Structured files

A structuredfile consistsof a headerandtwo sections:a plain text sectiondescribingthefile’s structure,
andabinarysectioncontainingtheactualdata:

STRUCTURED FILE V0.1 BINARY_BE MOLECULE_TRAJECTORY
TYPE
struct {

atoms : array of struct {
id : integer*4;
name : string;
mass : real*4;
properties : integer*4[8];

};
};
DATA;

......... binary data ...........

Thefile structureis similar to a structureddatatypein C or PASCAL. Therearetwo compositedatatypes,
(array andstruct), andthreeelementarydatatypes,(integer, real, andstring). Finally there
existsaspecialtype(extern) for includingotherstructuredfiles.

struct containsnamedfieldsof arbitraryheterogeneoustype.

array containsnumberedfieldsof thesametype. Arraysareone-dimensionalonly. Their sizecaneither
bespecifiedin thetypedeclaration(Example:array[3] of integer) or in thedatasection.

real andinteger containnumerical,possiblymulti-dimensional,data. The numberof bytesin an
elementmaybespecifiedusing”*n”. At themomentonly 4 bytetypesareallowed. Therank(numberof
dimensions)mustbespecifiedin thetypedeclaration.Thenumberof elementsin eachdimensionmaybe
specifiedin thetypedeclarationor in thedatasection(indicatedby ”.”). Example:integer*4[4,.,3].

string containsASCII dataof arbitrarylength.Again thelengthcanbespecifiedin thetypedeclaration
(Example:string*22) or in thedatasection.

extern is a specialkind of a string. The lengthmustbe specifiedin the datasection. The string is
interpretedasa structuredfile whosecontentsshouldappearaspartof thecurrentfilesstructure.

Thedatasectionis writtenasfollows:

struct: Theindividualmembersarewritten in thegivenorder.

array: Theelementsaresimply written oneafteranother. If thearraysizeis unspecified,it is written in
front of thearrayasa4-byteinteger.

string andextern: The datais written byte by byte. If the sizeis unspecifiedin the datatype, it is
prependedasa4-byteinteger.

real andinteger: Individualelementsarewritten in theformatspecifiedin thefile header(big endian
or little endian).Floating-pointnumbersarein IEEE format. Matricesarewritten in FORTRAN order. If
any dimensionis unspecifiedin thedatatype,it is written asa 4-byteintegerbeforethedata.If morethan
onedimensionis unspecified,they (andonly they) arewritten beforethe datain their naturalorder. If a
dimensionis specifiedin thedatatype,it is neverwritten in thedata.Example:

integer[2,.,4] = [ [ [1,2,3,4], [5,6,7,8], [9,10,11,12] ],
[ [13,14,15,16], [17,18,19,20], [21,22,23,24]] ]

is writtenasa sequenceof 4-byteintegers.

3 1 13 5 17 9 21 2 14 6 18 10 22 3 15 7 19 11 23 4 16 8 20 12 24
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Theleading3 specifiesthedimensionunspecifiedin thedatatype.Thefollowing24numbersaretheentries
of thearray.

Molecular data - a minimal file

Readingastructuredfile containingmoleculardataAmira expectsthefile structureto havecertainelements.
Moreover thefile mayhave arbitraryadditionalelements,which will be ignored.Theminimal structurea
moleculardatafile mustsupplyis:

struct {
molecules : array of struct{

name : string;
groupings : struct {

atoms : array of struct{
id : integer*4;
type : integer*4;
name : string;

};
};
trajectory : array of struct{

coordinates : real*4[3,.];
};

};
typbase : struct {

atoms : array of struct{
id : integer*4;
name : string;
number : integer*4;
radius : real*4;

};
};

};

In the following we will usea notationinspiredby C to denoteelementsof the structure. A struct’s
field will bespecifiedasthestruct followedby a “.” andthenameof thefield. For arrayelementswe
will write thearrayfollowedby brackets(“[]”). For example“molecules[].groupings.atoms[].id” meansthe
field “id” in anelementof thearray “atoms”which is afield of thestruct “groupings”which is afield
of anelementof thearray “molecules”.

The overall type of the file is a struct containingthe fields moleculesand typbase. moleculesis an
array of whicheachelementdescribesamolecule.molecules[].namecontainsthenameof themolecule.

molecules[].groupingsspecifiesthetopologyof themolecule,i.e. which atomsit contains.Everyelement
of molecules[].groupings.atomsdescribesoneatomof the molecule. atoms[].id is a uniquenumerical
identifier. atoms[].type is a numericalreferenceto a field in the typebasedescribedbelow. atoms[].name
is a textual identifieruniquewith respectto all atoms.It is usedto specifythisatomon thecommandline.

molecules[].trajectory is an arraywith every elementdescribingone timestepof a moleculetrajectory.
trajectory[].coordinates hasthe samenumberof elementsas molecules[].groupings.atomsand every
elementspecifiesapositionfor thecorrespondingatom.

typbase is structured analogously to molecules[].groupings. Corresponding to
molecules[].groupings.atomsthe array typbase.atomsholdsinformationcommonto atomsof the same
type. Preciselythe type informationof an atomis storedin the molecules[].groupings.atoms[].type’ th
elementof typbase.atoms.
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typbase.atoms[].idholds a numericalidentifier which shouldbe identical to the elementindex. typ-
base.atoms[].nameis a textual label for making the typefication transparentfor the user. typ-
base.atoms[].numberandtypbase.atoms[].radiusaretheatomicnumberandradiusof thetypedatom.

Bonds

Bondscanbespecifiedby addinganarraynamedbondsto molecules[].groupings:

bonds : array of struct{
id : integer*4;
type : integer*4;
components : integer*4[2];
index : integer*4;

};

bonds[].id is a uniquenumericalidentifierwhich shouldbegreaterthanany valuespecifiedin atoms[].id.
Analogousto atoms[].type for atomsbonds[].typespecifiesanumericaltypefor everybond,althoughthis
is not yet interpretedby Amira. Thearraybonds[].componentsholdsthenumericalidentifiersof thetwo
atomsconnectedby thebond. bonds[].index finally indicatesif it is a single(1), double(2), triple (3), or
anaromaticbond(4). Thevalue8 indicatesa bondof unknown type.

A big example

The information storedin the describedfile format can be divided into different degreesof generality.
Informationstoredin typbase is specificto the molecularforce field usedin the calculationsleadingto
a moleculartrajectory. It would be redundantto storethis information in every file for which the same
molecularforce field was used. Thus it can be storedin an extra file, which is then referencedby an
extern declaration.

A similar mechanismappliesif morethanonetrajectoryis calculatedfor the samemolecule. The topo-
logical informationaboutatomsmakingup themoleculeandbondsconnectingthemwill be thesamefor
all the trajectories. On the otherhandwe do not want a file for every singlemoleculetopology. Thus
our trajectorycanreferenceanotherfile containinga multitudeof moleculartopologiesandjust supplythe
timestepsitself.

Thefollowing is anexamplerealisingtheseconcepts:

trajectory file:

struct {
typbase : extern;
molecules : array of struct{

id : integer*4;
observations : struct {

global_obs : string[.];
};
text : string[.];
name : string;
molbase : extern;
trajectory : array of struct{

global_obs : real*4[.];
coordinates : real*4[3,.];

};
};

};
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molbasefile:

struct {
typbase : extern;
molecules : array of struct{

id : integer*4;
observations : struct {

global_obs : string[.];
};
text : string[.];
name : string;
groupings : struct {

atoms : array of struct{
id : integer*4;
type : integer*4;
name : string;

};
bonds : array of struct{

id : integer*4;
components : integer*4[2];
type : integer*4;
index : integer*4;

};
dihedrals : array of struct{

id : integer*4;
components : integer*4[4];
type : integer*4;

};
residues : array of struct{

id : integer*4;
name : string;
remark : string;
type : integer*4;
from_id : integer*4;
to_id : integer*4;

};
};
trajectory : array of struct{

coordinates : real*4[3,.];
};

};
};

typebasefile:

struct {
atoms : array of struct{

id : integer*4;
type : integer*4;
name : string;
number : integer*4;
periodic_row : integer*4;
mass : real*4;
charge : real*4;
partial_bond_charge_increment : real*4[2];
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radius : real*4;
N_i : real*4;
A_i : real*4;
g_i : real*4;
alpha : real*4;
datyp : string;
properties : integer*4[8];
equivalence : integer*4[4];

};
};

Someyet undescribedfeaturesappearin this example.Thefirst is thepossibility to supplyscalarobserv-
ablescorrespondingto thesingletimesteps.Possiblevaluesaredifferentenergieslikekinetic andpotential
energy. Thenamesof theobservablesarereadfrom molecules[].observations.global obs[] in the trajec-
tory file. Their valuesarestoredin molecules[].trajectory[].global obs[]

Besidesbonds thefile cancontainarbitrarygroupsof atomsor groupsof groups.Thesegroupsareorga-
nizedin levelswhich appearhereastheelementsof molecules[].groupings.

Every level is an arraywhoseelementsdescribethe particulargroups. Every group is a structwith the
fields id, type, andfields specifyingthe contentsof the group. id is numericalidentifier uniqueover all
groupsspecifiedfor themolecule.Preciselythe identifiersin onelevel shouldbeconsecutively numbered
andbiggerasall theidentifiersusedin theprecedinglevels.

Therearetwo waysof specifyingagroup.Thegeneralway is to specifyall elementsexplicitly. In thatcase
thegroupcontainsa field components[]containingtheids of all elementsof thegroup. If theelementsof
a groupcover a consecutive sequenceof ids, it is sufficient to specifyonly thefirst andthe last id. In that
casethegroupcontainsthefields fr om id andto id.

dihedrals aregroupsof 4 atomsconnectedby threebondslike a chain. Every suchgroup definestwo
intersectingplanes.Theangleof intersectionis calleda dihedral angleor torsionangle. For performance
reasonsAmira will readdihedrals only if the moleculehaslessthan500 atoms. Torsionanglescanbe
displayedwith theMoleculeView.

residuesaregroupsrepresentingthebuilding blocksof a complex molecule,for exampletheaminoacids
of a protein. All groupingscanbeusedto color the moleculein the MoleculeView or in the BondAngle
View.
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