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Chapter 1

Intr oduction

This documentescribesAmiraMol, a molecularvisualizationextensionfor Amira.

Amirais a3D visualizationandmodellingsystem It allowsyouto visualizescientificdatasetsfrom various
applicationareasge.g. medicine biology, chemistry physics,or engineering3D objectscanberepresented
asgrids suitablefor numericalsimulations notablyastriangularsurfaceandvolumetrictetrahedrabrids.
Amira provides methodsto generatesuchgrids from voxel datarepresentingan image volume, and it
includesa generapurposéanteractive 3D viewer.

The AmiraMol extensionaddspowerful tools for molecularvisualizationto the Amira system.AmiraMol
containssupportfor standardnolecularfile formats,toolsfor visualisationprocessing@ndanalysisof static
moleculesandmoleculartrajectoriegtime series).

This documentgivesa step-by-stepntroductionto molecularvisualizationwith Amira. The secondpart
containsareferencenanualfor all AmiraMol modules.Thefollowing tutorialsdo notexplain all the Amira
basicssoyou maywantto referto the Amira User’s Guidefor somedetails.
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Chapter 2

Overview of AmiraMol

In thefollowing we will give anoverview of Amira’s capabilitesor handlingmoleculesandmoleculardy-
namicstrajectories After anexplanationof structureandinterdependencef the moleculardatastructures
we will illustratedisplay modulesfollowed by conceptdor atombasedcoloring, maskingandalignment.
Finally, modulesfor visualizingconfigurationabensitiedik e molecularconformationsaredescribed.

2.1 DataTypes: Molecule - Trajectory - TrajectoryBundle

Severalmolecularfile formatsincludingPDB canbereadandwritten.

Singlemolecularconfigurationsarerepresente@sdataobjectsof type Molecule This kind of objectcan
eitherbe createdby loadinga file containinga singlemolecularconfigurationor otherwiseby attachingit
to anobjectof type MolTrajectory in which caseit will actasa projectorextractingoneof thetrajectorys
time steps.

MolTrajectoryrepresentatrajectoryi.e. aserief molecularconfigurationsAgaintwo case®f existence
arepossible. Either the trajectorywasloadeddirectly from a file. Alternatively it canbe attachedo an
objectof type Mol TrajectoryBundlesingling out oneof thetrajectoriecontainedn thatbundle.

A trajectorybundlereflectsthe caseof a file holding morethanonemoleculartrajectory If suchafile is
loadedinto Amira, an objectof type MolTrajectoryBundlewill be created.The singletrajectoriescanbe
accessety attachinga MolTrajectoryobject.

2.2 Topology: Groups- Levels

An objectof datatype Moleculecontainsgnformationaboutthe structureof a moleculeandthe atomcoor
dinatesof oneof its configurationsThe mandatorypartof structuralinformationconcernghe numberand
typesof all atomscontainedn the molecule.All thetopologicalinformationis organizedn levels which
arecliquesof groups.Eachgroupcontainsothergroupsor atoms. The easiesexampleis thelevel bonds
which consistf groupsof two atoms.

Somelevels canbuild hierarchies. For examplea residueconsistsof a numberof atoms,and a couple
of residuesmay form a secondarystructure. Theselevels and groupscan be definedby file readersor
interactiely via Tcl-commands.

2.3 Modulesfor the Visualization of Molecules

Moleculescanbe visualizedwith the Molecule\iew, the BondAngleView, or the SecStructureléw. Ex-
ampleoutputsof thesesnodulesareshown in Figure?2.1.
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Figure 2.1 MoleculeMew andBondAngle\few displaythe moleculesimultaneously

In addition,therearetwo modulesfor generatingnolecularsurfaces.The Molecularinterbcemodulecan
beusedto generaténtramoleculainterfaces suchasbetweersingleatomsor residuesAlso, theinterface
betweentwo moleculescanbe computed. The MolSurfacepermitsthe generatiorof the van-der\Waals
surfaceof amolecule aswell asthe generatiorof the solventaccessiblesurface

2.4 Coloring

The atom orientedmodulesMoleculeMew, BondAngleVMiew and Conformation\élumeallow a coloring
on a per atombasis,i.e., eachatomis assignedh color. Balls in the MoleculeMew will have the corre-
spondingcolors. Stickswill be split into halvescoloredaccordingto their incidentatoms’colors. In the
BondAngleView atomcolorsareassignedo theverticesandcolor is interpolatedbverthetriangles.

To determinethe coloring you canchoosea level, like atoms,functionalgroups,residuesandsecondary
structuresFurthermoreyou canchooseoneof the level's attributes.

2.5 Selection

Varioustasksrequirethe selectionof atomsfrom a molecule. The mostprominentare the alignmentof
moleculesandthe selectve display of moleculeparts. Amira offerstwo waysof selection. The usercan
eitherselectatomsinteractiely in theviewerwindow via MoleculeMew or BondAngleView. Alternatively,
selectioncan be donevia the molecules selectionbrowser which canbe openedby pressingthe Shav
buttonof themolecule.

2.6 Alignment

To comparethe structuresof several moleculesit is necessaryo bring theminto a suitablegeometric
arrangemento eachother, becauséheir relative positionsin the commoncoordinatesystemaregenerally
meaninglessThis providestheopportunityto prescribea varietyof arrangementandtherebyto investigate
differentaspects.

Chapter2: Overviav of AmiraMol



2.6.1 Mean squared distancealignment

Amira offers three main modesof operation,that can be usedvia Molecule Conformation\6lumeand
MeanMolecule

original: Atom coordinatesareleft asthey are. Relatve orientationsand positionsare displayedas pre-
scribedin thedata.

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

align to master: This mode requiresa mastermolecule which is usedas a referenceto which other
moleculesthe slavesarealigned. We considercorrespondencdsetweenatomsfrom the reference
moleculeandatomsfrom the moleculeto be alignedwith it. The alignmentis doneby minimizing
thesumof squaredistancedetweenrall correspondingitoms.

If masterandslave havethesamestructure gvery atomexistsin bothmoleculesandhenceacanonical
correspondencexists. The necessaryartof userinteractionis to determinethe setof atomsto be
considered.Beyond taking all atomsinto account,an explicit subsetcan be specifiedbe selecting
atomseitherin the slave or in themastemolecule.

Irrespectve of a structuralidentity of masterand slave the correspondencean be determinedoy
selectinga sequencef atomsin the mastermoleculeand anothersequencef the samelengthin
the slave molecule. The orderof selectiontherebydefinesthe correspondencel hefirst atomin the
mastercorrespondso thefirst in the slave andso forth. If the moleculeshave differentstructures,
thisis theonly way to alignthem.

2.6.2 Mean distancealignment

Apart from the abose mentionedalignmentprocedurethereexists a modulethat offers the possibility to
align two moleculesby using the meandistancecriteria insteadof meansquaed distance. See Align-
Moleculesfor moreinformation.

2.6.3 Sequencalignment

Amira allows you to align the sequencesf two molecules.Threealgorithmsare available,which canbe

useddependingpn thekind of dataandyour intention: local, semi-globalandglobalalignment.The algo-

rithmswork bothfor proteinsandribonucleicacids,wherebyt-RNA moleculesarecurrentlynot supported,
becausdhey containmodifiedbases.This modulecanbe very well usedin conjunctionwith the module
AlignMolecules

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

A MolTrajectorycanbevisualizedvia animationof singletimesteprepresentationy attachinga Molecule
module and than attachinga Molecule\ew or BondAngleiéw. The animationis controlled via the
Molecules port Time.

For MolTrajectoriesthatrepresenietastableonformationsVleanMoleculeand Conformation\élumecan
be used. The module MeanMoleculealigns all stepsof a trajectoryand computesa meanmoleculeby
averagingevery atom coordinateover all timesteps. Using the ClosestTmeStepmodulethe memberof
the trajectory can be found that is most similar to this meanmoleculeand can thereforebe usedas a
representatie of the metastableonformation.

The moduleConformation\dlumegivesanimpressiorof the fuzzinessof the conformationby computing
somekind of probability densityfor the positionsof atomsandbondswithin a moleculartrajectory This
densitycanthenbevisualizedwith Isosurfceor Voltex.

Modulesfor Time-dependeriData: Conf\bl - MeanMolecule ClosestimeStep

11
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Chapter 3

First stepswith molecular visualization
In Amira

This chaptereadsyou stepby stepinto the visualizationof moleculardatasets. Amira is not only able

to displaya 3D imageof a moleculebut alsoprovidestoolsto investigatets distinct partsandproperties.
After readingthe "getting started”introductionyou may continuewith ary of the following independent
tutorials.

e Gettingstarted first steps

Furtherviewing modules visualizinggeometricproperties
SelectionBrowser- exploringthemolecule

Molecularinterface- creatingpartial surfaces

Alignmentof molecules comparingmolecules

¢ Measuremert measuringlistancegandangleswithin amolecule

Note: If you wantto visualizeyour own data,pleaserefer to the sectionaboutdataimportin the Amira
User’s Guide. Thatsectioncontainssomegenerahintson how to import datasetsinto Amira.

3.1 Getting Started with Molecular Visualization

In this sectionyou will learnhow to

1. loadamoleculardemodatasetinto the system
2. selectaparticularmoleculefrom a bundle
3. view themoleculewith the Molecule \iew

3.1.1 Loading data into the system

In the following introductionwe will considera simple exampleto explain the basicfunctions of the
MoleculeMew. Our examplewill be a file containinga bunchof alkanescalledal kane. t op. If you
insteaduseyour own data,suchasa PDB-File,pleasecontinuewith Section3.1.3.

e Loadthefile al kane. t op into theobjectpool from thedirectorydat a/ nol ecul es/ al kane.

As resulta greenicon labelledal kane. t op will appearin the objectpool. The greenicon representa
bundleof moleculesor moleculartrajectories Click on the greendataicon with theright mousebuttonand
chooseMolTrajectoryfrom the popupmenu. Anothergreenicon labelledMol Tr aj ect ory will appear
in the objectpool. A blueline connectghetwo icons.
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Figure 3.1 A pentananoleculeis displayedn theviewer usingthe MoleculeVew.

3.1.2 Selectinga moleculefrom the bundle

SincetheiconMbl Tr aj ect or y is now selectedinformationaboutthis objectis displayedn theworking
area.Therearetwo informationports,onedisplayingthe numberof time stepsin the trajectory the other
displayingthe nameof the molecule. In addition, thereis a menulabelled Trajectory. It containsthree
entries:But.1, Pen.l, andHex.1 Choosethe secondentry, which is pentane Now right-click onthegreen
iconMbl Tr aj ect ory in theobjectpool andchoosethe entry Moleculefrom the popupmenu.

3.1.3 Displaying the moleculewith the MoleculeView

As resultof the previous stepsanothergreenicon labelledMol ecul e hasappearedn the objectpool. If
you right-click on this icon, a menupopsup from which you canselectthe entry Mol ecul eVi ew. This
actioncreatedoth a yellow iconin the objectpool andanimagein the 3D viewer. Furthermorethe GUI
of themoduleappearsn theworking area.

Oncethemoleculeis displayedn the viewer, you canrotateandzoomthe molecule.In orderto do so, the
viewer needgo bein viewing mode,i.e. the mousecursoris displayedasa hand,whichis the default. If
you wantto rotatethe molecule left-click in the viewer and move the mouse.Zoomingis enabledwhen
you click theleft andthe middle mousebuttonssimultaneouslyMoving the mouseup zoomsout, moving
themousedown zoomsin.

Wheneverthe MoleculeMew is active, thelittle squareontheyellow icon Mol ecul eVi ewis orange.You
candeactvatethemoduleby clicking on thatsquarewith theleft mousebutton.
Now let’s explorethefollowing portsin theworking area:

Port Mode
Chooseanothemodeto seebothatomsandbondsof the molecule,or justatoms.If atomsareshowvn, use
theport AtomRadiusto adjustthe sizeof theatomsaccordingto your preferences.

Port Quality

This port offersthe possibility to displaya correctimageof the molecule.Considerthe trade-of between
correctrepresentatiormnd a slower renderingperformance.Use the fast mode, if you wantto displaya
largemolecule.If your graphicshardwareis fastenoughusethe correctmode.

You canincreaseahe compleity of the sceneby typing

Mol ecul eVi ew conpl exity set Val ue 0.5, followedby
Mol ecul eView fire

Chapter3: Firststepswith molecularvisualizationin Amira



Port Color

Click on the button Legendto displaya smallwindow decodingthe colorsyou seein the viewer window.
Chooseaesiduedrom thefirst popupmenuandtype-idfrom the secondo investigatalifferentcomponents
of your molecule. Changethe color maphby right-clicking on the color bar of the port Discrete CM that
appeardelow the Color port.

Port Highlighting

Presghe Draw buttonanddraw aline in the viewer window arounda group of atomsyou wantto select.
Youwill seearedboxaroundeachof theselectecatoms.

Changeo interactionmodeby clicking theicon displayinga smallblackarrow in the upperright cornerof

the Viewer window. Your cursorchangests appearancérom a handto anarron. You cannow pick one
of theatomsto getsomeinformationaboutthe atomlistedin the Amira consolewindow. Thereis alsoteh
possibilityto selecta groupof atoms,suchasa residue or a chain(seethe descriptionon Molecule iew).

In orderto unhighlightall atoms pressthe button Clear of the Highlighting port.

Port Buffer

This port allows you hide partsof the moleculein the viewer window. Highlight a few atomsasdescribed
in the previous section,andthenpressthe button Replace All atoms,thatwerenot highlightedwill now
have disappearedPlayaroundwith this portin conjunctionwith the Highlighting port.

3.2 Other Viewing Modules

In Section3.1we have seerhow to visualizemoleculeswith the Molecule\iew.

In this sectionyou will learnhow to

1. view amoleculewith the BondAngleView
2. applydifferentcoloringschemeso the molecule
3. usethe SecStructureléw

We startby loadingthedatafile 2JEL. pdb from thedirectorydat a/ nol ecul es/ pdb.

3.2.1 BondAngleView

As the namesuggeststhe BondAngleéw displaysall bondanglesn amolecule.For eachtriple of atoms
connectedy two bonds atrianglewill bedravn. Createthe moduleby right-clicking onthegreeniconla-

belled2JEL. pdb, andchooseBondAngleiéwfrom thesubmenwDisplay. In orderto displaythemolecule
asdepictedin Figure3.2,you needto rotateandzoomthe molecule andchangethe Draw Stylefrom out-

linedto shaded

3.2.2 Changingthe color scheme

Currently the trianglesof the BondAngleéw are coloredaccordingto the atomtypes,i.e. the atomic
number We will now explore,how to usedifferentcolor schemes.

e Click onthesecondnenuof the port Color andselecttheentryindex.
As result,the whole moleculewill now appearblue. This is becausethe default color mapis a constant

one.

OtherViewing Modules

15
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Figure 3.3 Changingthe color schemeOnecaneasilyfollow the sequencef atomsin themoleculeby meansof thecolormap.

Rotx_Roty I

e Now, right-click onthecolor barof theport Discrete CM.
A list of pre-definectolor mapsappears.
e Selecttheentrystandad.icol from thelist.

The moleculewill now bedisplayedin pink color. This is becausehe color maprangecurrentlyis [0,1],
which meansthat the atomindex 0 is mappedo red andthe index 1 aswell asall indiceslargerthanl1
aremappedo pink. If you have selectedhe standad color map,the optimalrangewill be printedin the
consolewindow. For this moleculeandthe specifiedcolor schemethe optimalrangeis [0, 4013].

e Soyouonly needto changehevaluein thesecondext field to 4013.

Theresultis depictedn Figure3.3.
Now let’s try outyet anothercolor scheme.

e Changetheentryof thefirst menuto residuesandof the secondmenuto type
e Changethecolor mapto physics.ical
e Settherangeaccordingio whatis printedin the consolewindow.

Theresultis shavn in Figure3.4.

3.2.3 SecondaryStructure View

In orderto createthe module SecStructweMew, right-click on theicon 2JEL. pdb andchoosethe entry
SecStructileMew from the submenuDisplay. Now both modules,the BondAngleiéw andthe SecStruc-
tureMew displaythe moleculein theviewer. Sincein this sectionwe wantto concentraten the latter, we

Chapter3: First stepswith molecularvisualizationin Amira



8 BondAngleview|

Bl BondAngleview I i
% DrawStyle:  shaded | more options
% Color Mode * atom calors « scalar field
= Color: Lsgem| residues AI ype ..|
|3 piserete cm|o s [
| satighting: Box| Draw| clea

& Buffer: Add| Remove | Replace | Al Clear|
- Jlla

&

Figure 3.4: Coloringtheatomsaccordingo residuetype. Thewindow atthebottomdecodeghecolors.
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Figure 3.5: View themoleculewith the SecStructureiéw.

wantto switch off the BondAngleléw. Therearetwo possibilitiesto do this. Either we selectthe icon
BondAngl eVi ewin theobjectpool by clicking onit, andafterwardspressCt r | +X, which removesthe
BondAngleiéw. Or we click onthe orangesquareinsidetheicon BondAngl eVi ew, which doesnot re-
move the objectfrom the objectpool, but hidesit in the viewer. We preferthe secondproceduresinceit
allows usto quickly changebetweertheviewing modules.

If youhave donethepreviously describedstepsyouwill obsenethatyourbackbones coloredgrey instead
of yellow asin Figure3.5. In orderto changethis,

e double-clickonthe color barof port BadkboneColormap
Immediatelya Color Dialogwill appear

e Pickyellow from the CustomColors andpull it to the color field labelledCurrentColor in the color
dialog.
e PresOK andthe backboneshouldnow beyellow.

OtherViewing Modules
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Figure 3.6 Left: MoleculeMew andBondAngle\iew displaythemoleculesimultaneouslyRight: Selectiorbrowserafterconnecting
two viewing modulesto themolecule.

3.3 SelectionBrowser

You alreadyknow how to load files andhow to usethe Molecule\ew. In this sectionyou will learnthe
basicsaboutthe Molecule SelectionBrowser, which is a very importantfeaturefor the investigationof
a molecule. The selectionbrowseris a flexible tool for selectingthosepartsof the moleculethe useris
interestedn. Moreover, it allowsto easilycombinedifferentviewing modulesinto oneviewer.

3.3.1 Openingthe browser and connectingviewing modules

To getstarted)oadthefile 11 GM pdb from thedirectorydat a/ nol ecul es/ pdb. In theworking area
below the objectpool, information aboutthe loadedmoleculewill be displayed,suchasthe numberof
atoms,bonds residuesandsecondargtructureelements Furthermoreyou will find two ports,Alignment
andSelectiorBrowset Thefirst portis currentlynot of interestto us.

e Presghe button Showof the secondport to openthe selectionbrowserwhich appearsn the bottom
left cornerof thescreen.

Thescrollview of the browsercurrentlycontaingwo columns onewith theheadingViasterLevel, theother
onewith theheadingype In thefirst, all residue®f themoleculearedisplayed.Thesecond:olumnshavs
theresiduetype.

e ConnectaMoleculeVew to theicon 11 GM pdb.

e Connecta BondAngleiéw to 11 GM pdb by right-clicking the icon and choosingBondAngleiéw
from the submenuDisplay.

Youwill obsenetwo new columnsin the selectionbrowser, representinghe Moleculeew (MV) andthe
BondAngleiéw (BAV), respectiely (Figure3.6).

3.3.2 Changingthe appearanceof MoleculeView and BondAngleView

In orderto geta similarimageasin Figure 3.8, we first needto setthe portsin the MoleculeVew andthe
BondAngleléw correctly(Figure3.7).

Let’s startwith the Molecule\ew.

e Settheport Modeto balls.
e Settheport Quality to correct

Chapter3: Firststepswith molecularvisualizationin Amira
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Figure 3.7: Settingthe portsin the viewing modulescorrectly

e Setthe AtomRadiusto 1.0.
For the BondAngleiéw continueasfollows:

e Selecttheentryresiduedrom thefirst menuof port Color.

Fromthe secondmenuof port Color selectthe entryindex.

Right-click onthecolor barof the port ContinuesCM andselectthe color mapphysics.ical
Setthe maxrangevalueof the color mapportto 390.

We now only seethe MoleculeVew, sincethe trianglesof the BondAngleéw are hiddenby the vander
Waalsspheresin orderto combinethe two viewing modulesto oneimage,continuewith the next section.

3.3.3 Highlighting and maskingwith the selectionbrowser

We now wantto usethe selectionbrowserto display partsof the moleculewith the Molecule\lew andthe
restwith the BondAngleiéw.

e Selectchainsasnew mastedevel from the MasterLevel menu.

As resultyouwill now seethreeentriesin thecolumnMasterLevel: chains/L, chains/H andchains/W This
meanghatthelevel chainscontainghreegroups.In orderto view thegroupchains/Lwith theMolecule\ew
andtheothertwo groupswith the BondAngleéw,

e removetheticks for chains/Handchains/Wfrom the columnwith headingMV by clicking onthem.
To deselecthe groupchains/Lfor the BondAngleiéw,
e click ontherespectie boxin thecolumnBAV.

Now, you shouldseeanimagethatis pretty closeto thatin Figure 3.8. However, the BondAngleiew
displaysmore trianglesthanin the Figure. The BondAngleléw in Figure 3.8 only displaysbadbone
atoms.In orderto achieve this

e right-click on headingabelledBAV.
A popupmenuasin Figure3.8 shouldappear
e SelectBadkbonefrom the submentRestrictto.

The side-chairatomsshouldnot bevisible anymore.

SelectiorBrowser

19
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Figure 3.8 Usingthe SelectiorDialog window.

Next, you shouldexplorethe groupchains/La bit further.
e Click onthelittle iconleft toit.
After this actiontheresiduesontainedn chainL will have appeared.

e Type at oms=4- 33 in the text field labelled Expression below the scroll window, and pressthe
Replacebutton.

Theatoms4 to 8 andtheresidued 2, L3, andL4 arehighlightedin red. TheresiduelL 1 andthechainL are
highlightedin green.The color redmeansthewholegroupis selectedi.e. all its elementsGreendenotes
thegroupis partially selected.

To getaccustometb thebrowset play aroundwith it. If youneedfurtherinformation,just presshebutton
F1 in thebrowserwindow or seehere

3.4 Molecular Interface

Thistool is particularlyinterestingo visualizecontactareadetweerpartsof asinglemolecule or between
differentmoleculese.g.enzymesandtheir ligands.In this examplewe will considerthesecondcase.

e Pleasdoadthefilet 1gg. nol from thedirectorydat a/ nol ecul es/r _nucl ease.

3.4.1 Defining groups

In this sectionwe will createa new level, calledinterface for the moleculeanddefinetwo groupsof the
level, substate andnucleaserespectiely.

e Selecttheicont 1gg. nol in the objectpool by clicking onit.
¢ Now click into the consolewindow to activateit andpressthe TAB-key.

Thenameof theselectedcon,i.e.t 1gg. nol shouldappeaiin the consolewindow. If it doesnot,

e pleasdypeit.
e Behindt 1gg. nol typedefregexp interface/ substrate atons=1460-1526.

Thefollowing shouldnow bewritten in the consolewindow
t 1gg. nol defregexp interface/ substrate atons=1460-1526.
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e Presgshe ENTER-key.

Youhave now definedthegroupsubstatein thelevelinterface Thegroupconsistof theatoms1460-1526.

We will now definethegroupnucleasecontainingthe atoms0-1459.

e Presghe TAB-key againfollowedby typingdef r egexp i nterface/ nucl ease at ons=0-
1459

If younow list all levelsby typing
e t1gg. nol i st

youwill find alevelinterfacecontainingtwo groups.
e Typet 1gg.nmol list interface

andall groupsof thelevelinterfacewill beprintedin the consolewindow.

3.4.2 Computing alabel field

We will now createa labelfield, containingtwo labels,substate andnucleasewhich will thenbe usedfor
the computatiorof theinterfacesurface.Youwill learn,how to usethe moduleMolecularinterce

e Right-clicktheicont 1gg. nol andselectMolecularInterfacefrom the submenuCompute
The GUI of themoduleMolecular Interfaceshouldnow have appearedh theworking area.lf it hasnot,
e selecttheiconlabelledMbl ecul ar I nt er f ace.
Continueby

e choosingnterfacefrom the menuport Level of the Molecularinterface
e PresghebuttonGeneate Grid.

Theresultis anobjectl nt er f ace of type UniformScalarkeld.

3.4.3 Computing the interface surfacewith the GMC
With themoduleGMC we will now createaninterfacesurfacefrom thelabelfield.

e Right-clicktheicon| nt er f ace andselecttheentry GMC from the submenuCompute
e PresghebuttonTriangulateof the Actionport of the moduleGMC in theworking area.

A greeniconlabelledl nt er f ace. gnt- sur f hasappearedn the objectpool.

3.4.4 Visualizing the interface

Finally, we will view thecomputednterfacein theviewerwindow via the SurfaceView.
e Right-clickontheicon andselectSurfaceVew.

The GUI of the Surfaceew moduleshouldnow be seenin theworking area.

e Choosehe Colors-optiontwisted
e Selectthe entry SubUnit2from thefirst menuof the port Materials
e PresgheClear buttonof port Buffer followedby the Add button of the sameport.

MolecularInterface
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You shouldnow seea grey surfacein the viewer with somecoloredpatches.The grey surfacewrapsthe
nucleasethe coloredpatcheslepicttheinterfacebetweerthe nucleaseandthe substrate.

Whatyou seeshouldbe similar to thedemoNucleaseonthe demopages.

3.5 Alignment of molecules

In this tutorial youwill getto know themodulesAlignSequenceandAlignMolecules

TheAlignSequencet®ol faciliatesthe comparisorof two sequencedt canbe appliedto bothproteinsand
nucleidacidsexceptfor t-rnamoleculescontainingmodifiedbaseslt is plannedo extendthis module.

Having donethe sequentiahlignmentyou canusethe correspondencgainedby the sequencalignmento
doastructuralalignmentof themolecules.

e Pleasdoadthefiles1l GM pdb and2JEL. pdb fromthedirectorydat a/ nol ecul es/ pdb/ and
connecta Moleculeew to eachof them.

You shouldknow how to do this from thetutorial Gettingstarted For both Molecule\lews
e selectresiduedrom thefirst menuof the port Color.
A DiscreteColorMapwith constantolorwill appearTo distinguishthemoleculeschoosedifferentcolor

for oneof them.If youdon't know how to do this, seethetutorial Furtherviewing modules

3.5.1 Sequencalignment

¢ Right-clickontheicon1l GM pdb andselectAlignSequencesom the submenuCompute
¢ Right-clickthelittle rectangldnsidetheicon Al i gnSequences ontheleft side.

A popupdisplayingall connectiorportsopens.
e SelectMoleculeBfrom it andconnecthe moduleto theicon2JEL. pdb by clicking onit.

Thereshouldnow be two blue lines connectingheicon Al i gnSequences with theicons1l GM pdb
and2JEL. pdb, respectiely.

e SelectthemoduleAl i gnSequences by clicking onits iconin the objectpool.
As result,the userinterfaceof the moduleappearsn theworking area.
e Choosesemiglobalfrom the secondnenuof port Align Type andpressthe button Align Sequences

If the alignmenthasbeensuccessfula window displayingpossiblyseveral slightly differentalignments
will appear

e PresgheAcceptAllbutton.
This actionresultsin thealignmentseingwritten to the moleculesaslevels.
e Type,e.g.11 GM pdb |i st.
Apart from levels suchas atoms,bonds,residues.etc. you will also seelevels namedseqAlignlto se-

gAlign1Q 2JEL.pdbhasthe samelevelswith anequalnumberof groups.

3.5.2 Align moleculesby usingthe meandistancecriteria

We cannow proceedo usethelevelsseqAlign*for a structuralalignment.In orderto do so,
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right-click theicon 11 GM pdb andselectAlignMoleculedrom the submenuCompute

Right-click the little rectangleinsidetheicon Al i gnMbl ecul es ontheleft sideandconnectthe
moduleto 2JEL. pdb.

e Selecttheicon Al i gnMbl ecul es to makeit appealin theworking area.
e Selectary of thelevelsnamedsegAlign*in the port AlignLevel andpressthe Dolt-button.

If youwantto follow thealignmentprocess
e click the optionshowalignment

beforepressinghe Dolt-button.

Compareyour resultto thedemo.

3.6 Measurement

In this tutorial you will learnhow to measuralistancesandanglesbetweeratomsin a molecule. For this
tutorial it is necessaryhatyou have donethe Gettingstarteetutorial previously. You needto have atime
step,i.e. aMolecule loadedfrom the butane-trajectoryanda Molecule View shouldbe connectedo it.

e Selectthe MoleculeVew by clicking onits icon in the objectpool.
Youwill now seethe MoleculeVew’s userinterfacein theworking area.

e Selectball andstidks ModeandfastQuality.
e Next, right-click ontheicon Mol ecul eVi ew, andselectMeasuementrom the popupmenu.

The userinterfaceof the Measurementibol shouldnow be visible in the working area. An Info port tells
you thatyou needto select?, 3, or 4 atoms.In orderto do so,changdnto interactionmodeby

e pressinghe ESC-key or by pressinghearrow-iconin theright uppercornerof the viewer window.

You cannow selectsingleatomsin theviewer by clicking onthem.If you click on oneatom,the previously
selectecatomwill bedeselectedBy usingtheCt r | -key you canselectmorethanoneatom.

e Select?, 3, or 4 atomsand obsene what is beingdisplayingin the userinterface of the module
Measuement

TheCt r | -key is alsousedto deselecatoms.

Measuement
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Chapter 4

Alphabetic Index of Modules

4.1 Align Molecules

This moduleenablesyou to align two arbitrarymoleculeso eachother However, the moleculesneedto
fulfil oneprecondition:they bothneedto have (atleast)onelevel with the samenameandanequalnumber
of groups. In the algorithmthe atomsin the correspondinggroupswill attracteachother, wherebythe
correspondencef the groupsis establishedy the index of the groupin thelevel. You caneasilycreate
suchlevelsby usingthe moduleAlign Sequences

Thealgorithmworksiteratively. Startingfrom anarbitraryposition,aforceandarotationwill becalculated
ateachstepresultingfrom theattractionforcesof theatoms.Thealgorithmstopsif thetransformatiorfrom

onestepto anotheiis smallerthansomeepsilon.Thealignmentfoundis notnecessarilyheglobalminimum

of thesumof distancedbetweerthe correspondingitoms.However, it will alwaysbealocal minimum.

If theglobalminimumis outstandingit canbeassumedhatthis minimumwill befoundfrom eachstarting
position. In orderto find out whetherthere exist other equally good local alignments,there exists the
possibility to computealignmentsstartingfrom 20 different positions. The differentalignmentswill be
storedin alist. You canthencomparethe alignmentsvisually aswell asby the distancebetweernthe two
molecules.

Connections

MoleculeA [ required]
Firstmoleculeto which the secondnoleculewill bealigned.

MoleculeB [requi r ed]
Secondnoleculeto bealignedto thefirst one.

Slave [optional ]

You might connectary dataobjectto this port, if youwantto applythe sametransformatiorto it thatis
appliedto thesecondnolecule.

Ports
Options

|8 Dptions: [ multiple transforms [ show slignment

e multipletransforms If thistoggleis notselectedalocal minimumwill befoundstartingfrom the
currentpositionsof themoleculeslf thetoggleis selectedthe moleculeB will betranslatedsuch
thatthe centersof the moleculesaccordingto the groupsfoundin the Align Level areatthe same
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position. Startingfrom this position,20 rotationswill beappliedto the moleculeB, andthesenew
positionswill beusedasstartingpointsfor thealignment.

e showalignment If this optionis set,you canobsene the alignmentprocessvisually. Otherwise,
only thefinal alignmentwill beshown.

Transforms

‘8 Transforms: ﬂﬁ ﬂlﬂ |

If you computethe alignmentwith the multiple transformtoggle switchedon, this sliderappearsOnce
the computationis finished,i.e. for all 20 startingpositionsthe alignmentwascomputedyou canstep
throughall alignmentsthat differ by an epsilon. The epsiloncan be setby the commandsetEpsilon
Notice,thatif thereis only onelocal alignment,jt canassumedhatthisis alsotheglobalone. However,
thereis no guarantee.

Align Level

\8 Align Level: | dlobalSealin! ~] ‘

Selectthelevel whichis usedfor alignment.

Action

8 Action: Il Doltl

Computealignmentandtransformsecondnolecule.

Commands

get Epsi | on
Printsthe currentepsilonthatis usedfor comparisorof thetransformations.

set Epsi |l on <val ue>

Setepsilonto value,which shouldbe smallerthan1.0. Checkthe currentepsilonbeforesettinga new
onewith thecommandyetEpsilon

4.2 Align Sequences

This modulealignsthe sequencesf two moleculesto eachother Proteinsaswell asnucleicacidscan
be aligned. Currently it is not possibleto align t-RNA sequencebecausahey containmodified bases
deviating from the standarddataformat. The modulewill be adjustedand extendedin the nearfuture.
Theoutputof the alignmentis displayedin a separatevindow. Currentlyyou may choosebetweerocal,
semiglobalandglobal alignment. The algorithmsare basedon the Watermanalgorithmsfor pairwisese-
guencealignmentsusing a Blosom weighting matrix for protein sequenceand a Transition/Tarversion
weightingmatrix for nucleidacids.Consideithefollowing threecasedo decidewhich algorithmto use:

e |ocal alignment
The local alignmentalgorithmis usedbestif you wantto matcha shortsequencepossiblya sub-
sequencer motif of somemolecule,againstalong one. You may specifya motif (e.g. a promoter
sequenceandsearchor it in the moleculeof interest.Beware,thelocal alignmentalgorithmis not
usefulfor aligningtwo long sequenceto eachother, e.g. two relatedproteins. You might endup
with anincredibly lot of equallyevaluatedsequencesscatteringthe moleculesin too mary pieces.
For alignmentof two long sequencesjou shouldratheruseoneof the next two algorithmsinstead.
¢ globalalignmentwith gapfunction
In this case you wantto matchtwo relatedlong sequencet eachother, e.g. two relatedenzymes.
The algorithm matchesthe whole sequencegunishinglong gapsproportionallylessthana sheer
accumulatiorof deletions/insertions.
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e semiglobaklignment
If you have no clue abouttherelationshipof your two testmoleculesit is bestto usethe semiglobal
algorithmfirst becauset will scanfor the possiblybestmatchingpartsof your moleculeswithout
having to align thewhole sequenceaswith the globalalgorithm.

Connections

MoleculeA [ required]
Firstmoleculeto bealigned.

MoleculeB [requi r ed]
Secondmoleculeto bealigned.

Ports
Options

|8 Dptions: [ Show Slignment

Currentlythe only optionavailableis whetherto shav thealignmentor not. Thistoggleis sensitveif an
alignmentexists, i.e. haspreviously beencomputed.

Input

|8 Input: © molecules 2+8 & mold/motif © molB Amotif

Which sequenceshouldbetakenasinputfor thealignment.Threeoptionsexist:

e MoleculeA andB.
e MoleculeA andthespecifiedmotif (seebelow).
e MoleculeB andthe motif.

Motif

|8 mou [TaTa |

You may specifya motif which shall be searchedor in alongersequenceThis port appearsf oneof
thelasttwo optionsis chosenn the Input port.

Align Type
‘8 Align Type: I nucleic acid j I local j ‘

You may align proteinsaswell asribobucleic acids. Specifythe type of moleculein the first popup
menu.In the secondnenuyou canselectoneof threealgorithmsasexplainedabove: local, semiglobal
or globalalignment.

Align Sequences

|8 Dolt: N Align Sequencesl

Computealignmentanddisplayit.

Commands

setLinmt <value>
With thiscommandyourestrictthenumberof alignmentgainedfrom onestartpositionof thealignment
matrix. Thedefaultis 10.

Align Sequences
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4.2.1 Align View

i Local Sequence Alignment d |
l. Alignment: length: 5%, insertions: (0,0), relatiwe score: 5.00
T Y Q5PQL-—-———--
MOTIF-1EFW : VIKATWDFLDRNGFVOVETPFLTESTPEGARDFLYPYRHEP GLFYALPQSPOLFEOMLITY.E
Sequence Pozition: -1, 12 Accept Acceptall Cloze |

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

Thealign view displayscorrespondingesiduesn blue color. To getanideaaboutwherein the sequences
similarities have beenfound, the restof the sequencés displayedaswell (in red color). In orderto find
out wherein the sequenceyou are, just click at the position within the sequenceyou are interestedn.
Immediately the positionsfor both sequencewill be shavn in the lower left cornerof the window. The
clickedpositionwill be markedby a blackrectangle.

Apart from just shaving alignments,the module Align Sequenceallows to add alignmentsas levels to
the alignedmolecules.However, sincetheremight be a large numberof alignmentsand one might only
be interestedn a few, the window offers the functionality of selectingalignments. In orderto selecta
singlealignmentleft-click into the row with thelabeli. Alignment Thelabelwill turn black. If youwant
to selectmorethan onealignment,usethe Ct r | -key. An alignmentcan be unselectedy just clicking
on it again. All currently selectedalignmentsare highlightedby a black frame aroundthe label. Those
alignmentscan be written to the moleculesby pressingthe Acceptbutton. If all alignmentsare wished,
pressthe AcceptAltbutton.

Whenanalignmentis writtento a moleculeasa new level, all lettersof the sequencéhatarenot matched,
i.e. that correspondo a blank, areleft out. Both moleculeswill have a new level with exactly the same
nameandlength. Thus,thoselevelscanbe usedby the moduleAlignMolecules

4.3 BondAngleView

The BondAngleView offersan alternatve to the MoleculeMiew. This viewing module,however, doesnot
displayatomsandbondsbut, asthe namesuggestsbondangles,i.e. for every threeatomsconnectedy
two bondsa trianglewill be shavn. The vertex colorsarelinearly interpolatedacrossthe triangle. Apart
from coloringthe moleculein analogyto the Molecule View the bondanglescanbe coloredaccordingto
a specifiedcolor field, e.g. the electrostatiqotential,anda colormap. Here,apartfrom interpolatingthe
colors,texture mappingcanbe appliedwhich interpolateghe texture coordinates.

Connections

Data [ required]
Moleculeto bevisualized.

ColorField [optional]
Scalarfield, thatcanbedisplayedon the bondangleby pseudo-coloring.

Colormap [opti onal ]
Color mapneededn conjunctionwith the color field.

ContinuousCM [ opti onal ]
The colormapthatis usedto mapvaluesof float attributesto colors.
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DiscreteCM [ opti onal ]
The colormapthatis usedto mapvaluesof discreteattributes,lik e integersandstrings,to colors.

Ports

Draw Style

|8 Draw Style: I outlined "I more optinnsl

This portis inheritedfrom the module ViewBase

Colormap

8 coomor P [ ][ |

This portbecomewisible only if ascalarfield hasbeenconnectedo the color field port.

Transparency

‘8 Transparency: II A ID.E ‘

Degreeof transpareng

Color Mode

‘8 Color Mode % atom colors ¢ scalar field |

Allowsyouto switchbetweer’normal” coloringmodeandcoloringaccordingo a scalarfield.

Color

‘8 Color: Legend“ atoms j I temperature j |

For a detailedexplanationseethe descriptionof MoleculeMew.

ContinuousCM

8 Comtrouecnp [ ][ |

Seeexplanationin MoleculeVew.

Discrete CM

|8 piscrete oM [0 ET e |

Seeexplanationin MoleculeMVew.

Commands

get Opt i mal Col or mapRange
Whendisplayingall atomstherangeprintedby thiscommands agoodchoiceasrangefor thecolormap.

4.4 ClosestTimeStep

For agivenmolecule this modulesearche$or the moleculewithin amoleculartrajectorywith the smallest
meansquaredlistance.The referencanoleculeandthe moleculesn thetrajectoryneedto have the same
numberof atoms.

Themoduleis especiallyhelpful in conjunctionwith themodulefor the computatiorof the meanmolecule
It allowsyouto find thetime stepin thetrajectorythatbestapproximateshe meanmolecule.

ClosestimeStep
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Connections

Data [ required]
Moleculartrajectoryfor which the meanmoleculeshouldbe computed.

ReferenceMolecule [ r equi r ed]
Themoleculefor which the closestime stepis searched.

Ports

Action

8 Action: IDDItl

Startsearchfor the closesttime stepin the trajectory Theindex of the closesttime steptogethemwith
thedistancewill beprintedin the consolewindow.

4.5 Conformation Volume

Thismoduleenables/outo computesomekind of probability densityfor the positionsof atomsandbonds
within amoleculartrajectory Theinputis anobjectof Molecule Trajectory As outputeithera scalarfield
or a color field is generated.In orderto visualizethe computeddensityyou can, e.g., apply the volume
renderingmodule Voltex.

Sincethetime stepsof themoleculartrajectorycanbearbitrarily rotatedandtranslatedye needto perform
analignmentfor eachtime stepto fit it bestto somechoserreferenceThisis doneinternally, but you need
to specifyhow themoleculesshouldbealignedto eachother Therearefour optionsamongwhich you can
choose.Thefirst usesall atomsfor alignment,which is the recommendeption. In the secondyou can
selecta few atoms(seebelow for moreinformation). The third andfourth usenoneand’centerof gravity’
alignmentrespectiely.

For therepresentationf themoleculetwo kindsof geometricobjectscanbeused:spheregndsticks. Here,
spheregepresenthe positionsof the atomicnuclei andthe sticksthe existing bondswithin the molecule.
You cancomputethedensityfor sticks,atoms,or sticksandatoms.

Connections

Data [ required]
Themoleculartrajectoryfor which the densityshouldbe computed.

AlignMolecule [opti onal ]
A moleculeto which eachtime stepof thetrajectoryshouldbealigned.

Continuous and DiscreteColormap [ opt i onal ]

Thosetwo colormapsare usedfor the color managemendf the computedvolume,in casea color field
shouldbegenerated.

Ports
Voxel Size

|8 Yoxel Size:ll S ID.1 ‘

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

|8 Grid Dimension: 125% 116 % 1DB|

Thedimensiorof thefield grid resultingfrom the specifiedvoxel size.

Time Steps

|8 Time Steps: from |1 ta I'IDD ‘

Specifiegangeof time stepsfor which thedensityshouldbe computed.
Align all moleculesto time step

|8 Align all molecules to time step I1 ‘

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

Align Options

‘8 Align ™ all atoms ¢ selected atoms ¢ cog 7 no atoms

The default alignmentoptionis to useall atomsof the molecule.If you connectthe connectionAlign-
Moleculeto a molecule,usuallya time stepof this trajectorytoo, you may aswell align the time steps
by usingonly a few atoms.For this you mustview the align moleculewith the Molecule View module,
which allows you to selectatoms. The selectecatomsare asyet only storedin the align molecule. In
orderto transferthe selectiongo this moduleyou needto pressthe Get button of the Selectionport.
Thereis alsothe possibility to align the moleculenot atall or only to align the'centerof gravity’. This
maysometimedpe usefulbut in generais not.

Selection

‘8 Selectinn:ﬂl Elearl

Thisportis visible only if selectecatomsis choserasalignmentoption. With thefirst buttonyou getthe
currentlyhighlightedatomsfrom the AlignMolecule which will be addedto the previous selection,so
pressClear first to make surethatonly the currentselectionis stored.

Shape

|8 Shape: [ atom spheres W bond cylinders

Choosehe geometryusedto representhe molecule.If you have a highly varyingtrajectorytherecom-
mendedshapss cylinders.

Radius Options

‘8 Radius Options: ' fixed { atom class depending ‘

Usea uniqueradiusfor all atomspheregfixed or take for eachspherethe vanderWaalsradiusscaled
by the valueof port AtomRadius(atomclassdepending.

Atom Radius

|8 Atom Radius: [~ [E |
Radiusof theatomspheres.

Bond Radius

‘8 Bond Radius: [, [0 |

Radiusof cylindersrepresentindgponds.

Field

|8 Field: I Scalar Field vl ‘

Conformationvolume
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This menucontainstwo options,Scalar Field and Color Field. Choosethe first if you only wantthe
density If the secondoptionis selectedjn additionto the density the color informationwill be stored
accordingto the color schemeseeport AtomColors).

Atom Colors

|8 Atom Colors: Legend || atarm j I radius j ‘

Determinesow thefield regionswill be colored.Seetheport Colorin MoleculeView.

Colormaps

|8 Continuous CM [0 e E |
|8 piscrerecu [T [ ][ |

Thosetwo colormapsare usedto color the atomsand sticks accordingto the selectedcolorschemen
AuutomColors. Seethedescriptionin Molecule View for a detailedexplanation.

Compute

|8 Compute: GlidDimensionl Field”

Invoke actions.

e Sincefor the computationof the grid dimensionall moleculesneedto be aligned, for a long
trajectorythis might take sometime. Soit is not desiredto recomputehe grid dimensionall the
time. If theuseris interestedn the sizeof the grid beforeinvoking the computatiorof thefield,
the button Grid Dimensionmustbe pressed.

e PresghebuttonField to startthe computatiorof thefield. If thegrid dimensionis not up to date,
it will be computedirst.

4.6 MeanMolecule

This modulecomputeghe 'mean’ moleculeof a moleculartrajectoryby averagingthe atompositions.In
orderto accomplishthis the moleculesneedto be alignedto somereferencemoleculewhich can either
be a moleculefrom the trajectoryor someothermoleculewhich canbe connectedo the modulevia the
AlignMoleculeconnectiorport.

By computingthe meanmoleculeseveral times, eachtime taking the previous meanmoleculeas Align-
Moleculeyou geta betterandbettermeanmolecule.

Connections

Data [ required]
Moleculartrajectoryfor which the meanmoleculeshouldbe computed.

AlignMolecule [opti onal ]

In orderto computethe meanmolecule,all moleculesof the trajectoryneedto be alignedwith respect
to a certainmolecule.If you don't wantto align the moleculego atime 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 and connectit to a
moleculein the objectpool.

This connectioris alsoneededf you wantto useselectecatomsfor alignmentinsteadof all atoms

Ports

Time Steps

|8 Time Steps: from I1 to |2UUU ‘

Specifytherangeof themoleculeghatareusedfor the computation.
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Align all moleculesto time step

|8 Align all molecules to time step I'I ‘

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

Align Options

|8 Align Dptions: % all atoms ¢ selected atoms

Choosebetweerthesetwo optionsfor aligningthe molecules Note,thatthe secondptionis disabledf
the connectiorport AlignMoleculeis empty

Selection

‘8 Selection: Getl Elearl

Getselectionfrom AlignMolecule. For a descriptionon how atomscanbe selectedreferto Molecule
View.

Action

8 Action: IDDItl

Startcomputatiorof meanmolecule.

4.7 Measurement

This moduleletsyou determinedistancesangles anddihedralanglesbetweeratomsof the molecule.

To obtaina measurementou needto selectthe atomsthatareto be examined.In orderto selectobjectsin
theviewer you needto switchinto the interactionmodeof the viewer (for exampleby typing the ESCkey
asatoggle)andCt r | -clicking on the desiredatoms. You canreadmoreaboutselectingstructuresn the
documentatiomf the highlightingport of the Molecule View.

Connections

Module [required]
A moduleof type MoleculeView whichis usedfor the selectionof atoms.

Ports

Thefollowing portswill only bevisible if you have selectedwo atomsfor distancemeasurementhree
atomsfor anglemeasuremengr four atomsfor measuremendf dihedralangles.

Selectedatoms

|8 Selected atoms: FEQ |

This port shavs the namesf theatomsthatform the measurement.

Angle

&, Angle: 107,867

This port shavs the valueof the measurement.

Time-Mean

‘8 Time-Mean 112891 £ £.07333°

This port is visible if your basemoleculeis derived from a trajectory It will shov the meanvalue of

Measuement
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the measurementy determiningthe arithmeticmeanover all moleculeghat are part of the trajectory
Besidesthe standardieviation of thetime-mearwill beshown.

Time Plot

|8 Time Plot Show”

Likethetime-mearportthis portis only visible for trajectories By pushingtheshav buttonyou cansee
theplot of the measuremerdgainsthetime stepsof thetrajectory Theverticalline of theplot indicates
the position of the currently shavn time step. The horizontallines shov the meanand the standard
deviation.

Selection

| 8 Selection Clear |

With the clearbuttonyou candeselectll atoms.

4.8 Molecular Interface

Thiscomputationamoduleprovidesameando generaténtramoleculaandintermoleculainterfaces.This
is doneby creatingan objectof type Label Field, which is a threedimensionairid holding at eachnodea
label, which representsn areaof the molecule plus additionalinformation. The usualway to visualizea
labelfield in orderto seemolecularninterfacess to usethe GeneralizedMarchingCubes(GMC) to compute
asurfacerepresentingheinterfaces.This surfacecanthenbeviewedwith the SurfaceView.

Connections

PrimaryMolecule [required]

Moleculefor which intramoleculaiinterfacesshouldbe computed.ln caseof the computatiorof inter-
molecularinterfacesthis is oneof the moleculesor which theinterfacesshouldbe generated.

SecondaryMolecule [ opt i onal ]
Secondnoleculefor the computatiorof intermoleculainterfaces.

Ports

Resolution

|8 Resolution: IE‘*r |54 |E4 |

Resolutionof the labelfield.

Level

|8 Level: Iﬁ ‘

This option menuallows you to choosethe level of molecularstructurefor which intramoleculaiinter-
facesshouldbe extracted e.g. you mightwantto computeatomicinterfaceson a very low level, or you
might just want to generatdnterfacesbetweenfunctionalgroupson a higherlevel or even secondary
structuresThis portdisappears the SecondaryMoleculeonnectioris used.

Options

|8 Options: [ singleradivz [ use domain

The Optionstogglelist enablesyou to selecttwo options. By selectingsingleradiusall atomswill be
consideredashaving the sameradius,which will be equalto the ScaleAtomsvalue (seebelow). This
optionwill probablyberarely used. The secondoption, usedomain allows you to specifya rangeof
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atoms,or residuesdependingn the specifiedevel. All atomsbelongingto this rangewill be assigned
to onesulunit, therestto a secondsutunit. Currentlyonly two regionscanthusbe defined.

Domain
‘8 Domain: ID— IU— |

Visible only if usedomainis selectedn Optionslist. In conjunctionwith the chosenlevel, this range
specifiesvhich atomwill beassignedo Suhunitl. All otheratomsareassignedo Sulunit2.

ScaleAtoms

|8 Scale Atoms: || A I1 |
Multiply all atomradii by thisvalue.

Enlarge Atoms

|8 Enlarge Atoms: l& I':' |

Enlamgeall atomradii by this value.

Action

‘8 Action: N Generate Grid ||

Startcomputatiorof labelfield.

4.9 MolecularSurface
With this moduleyou areableto computethe van der Waals surfaceandthe solventaccessiblesurfaceof

amolecule.You canspecifytheradiusof thesolventspherdor thelattersurface,andalsothe approximate
edgelengthof thesurfacetriangles.

Connections

Data [ required]
This portneedgo be connectedo the moleculefor which the surfaceshouldbe generated.

Ports

Surface Type

|8 Surface Type: © van der'Waals % solvent accessible

Choosébetweernvander Waalsandsolventaccessiblesurface.
Edgelength
‘8 Edge Length: II I3 ID.E |

Specifythe surfaceresolutionby giving the approximatesdgelength.

Solvent Radius

|8 Solvent Radius: [ 1 [15 ‘

Choosea radiusfor the solventmolecule. This portis only visible, if youwantto computethe solvent
accessiblesurface.

Action

8 Action: IDDItl

Startcomputatiorof surface.As resultof the computationan objectof type Surfacewill begenerated.

MolecularSurface
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4.10 MoleculeView

The MoleculeView allows you to displaymoleculesn threedifferentrepresentationsatomsphereswire
frame, and ball-and-stick. For eachof theserepresentationthereexist two quality modes,a fastanda
correctmode.

Atomscanbecoloredaccordingo the groupingsdefinedon themolecule Jike atoms residuesandchains.
Moreover, the displayedpartof the moleculecanberestrictedby usingthe selectionbrowseraswell asby
interactionin theviewer.

In additionto just visualizingmoleculeghis moduleprovidestools thatfacilitateinteractive working with
the molecule. For exampleyou canselectatomsto find out which index they have andwhich groupthey
belongto. The ability to selectatomsis alsoa preconditionfor the alignmentproceduredescribedn the
sectionMolecule

In orderto measuralistancesandanglesin the molecule right-click the MoleculeMew in the objectpool,
whichwill openapopupmenuwith theentry Measurement

Connections

Data [ required]
Themoleculeto bevisualized.

ReferenceMolecule [ opt i onal ]

A referencemoleculemustbe connectedf you wantto studythe alterationof the torsionanglesfrom
onetime stepof a moleculartrajectoryto another(seethe Optionsport below for moreinformation).

ContinuousCM [opti onal ]
Thecolormapthatis usedto mapvaluesof float attributesto colors.

DiscreteCM [ opti onal ]
The colormapthatis usedto mapvaluesof discreteattributeslik e integersandstrings,to colors.

Ports
Mode

|8 Mode: { balls * sticks € balls and sticks

Selectoneof threemaindisplaymodes:balls, sticks,or ballsandsticks. Thedefaultis sticks.

Quality
|8 Quality: ™ fast ¢ corect

Theappearancef theballsandstickscanbealteredby selectiorof oneof two differentqualities,namely
afastandacorrectmode.

The fastmodeshaows sticksaslines and spherediy renderinga squarewith the imageof the sphere.
This permitsto displayevenlargenumbersof spherestinteractve speed However, shaving theimage
of a spheremeanghe stericalexpansionof the spheren only two directionsis takeninto account.As
long asyou don'’t have intersectingspheres/ou will not seea differenceto a perfectlyrenderedhree
dimensionamodelof asphere.

In the correctmodespheresrerepresentetly texturedtriangularmeshesndsticksby cylinders.

Options

|8 Options: [~ single radive [ bondtype [ torsions angles

Singleradius displayall atomswith the sameradius.
Bondtype(onlyin fastquality mode) displaycorrectbondtype,e.g.single,double triple, or aromatic.
Torsionangles displaytorsionanglesby the useof a coil aroundthe stick.
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Atom radius

‘8 Atom radius: Ilﬂ ID-1 ‘

If the option singleradiusis selectedthe value given herewill be interpretedas sphereradiusfor all
atomspheresOtherwisethe valuescaleghevanderWaalsradiusof theatom.

Bond radius

‘8 Bond radius: |1, 008 ‘

Radiusof cylindersrepresentindponds(only visible in correctdisplaymode).

Twist factor

‘8 Twist Factor: || A I1 ‘
Allowsto changehetwisting degreeof thecoil.

Color

‘8 Color: Legend“ atoms j I temperature j |

A moleculemay be coloredaccordingto differentschemesFor example,eachatomof a specifictype
may getthe samecolor. Anotherpossibilityis to give all atomsbelongingto a certaingroupthe same
color. Thefirst menuspecifiegshegrouplevel, suchasatoms functionalgroups residuesandsecondary
structures.The secondmenuallows the userto decidewhich attribute of the specifiedevel shouldbe
consideredo color its groups.

If you pressthe buttonLegend a separatavindow will be openedwhich displaysa legendof the color-
ing, i.e. atableassociatingolorswith attribute valuesaccordingto the currentcoloring. Clicking on a
text to theright of a color will selectall atomswith this color.

ContinuousCM

|8 Continuous CM [0 [ |

The colormapthatis usedto mapvaluesof float attributesto colors. To getthe optimal mappingyou
needto settherangecorrectly Therangeof valuescorrespondingo the chosercoloringwill be printed
in the consolewindow wheneverthe color schemechanges.

The default colormaphasa constantcolor over the whole range. By leaving it constantyou give all
atomsthe samecolor, which maybeimportantwhencomparingdifferentmolecules.

For moreinformationseethe sectionaboutcolormaps

DiscreteCM

|8 piscrete oM [0 ET e |

The colormapthatis usedto mapvaluesof discreteattributes lik e integersandstrings,to colors. Again,
you needto settherangecorrectly

Highlighting

‘8 Highlighting:ﬂl Drawl Elear” residugs vl ‘

This port providesfunctionalityfor highlightingatomsin the viewer window.

e WhenpressingheBoxbuttona boxwith the sizeof theboundingbox of the moleculewill appear
in the viewer. All atomscontainedin the box will be highlighted. You canchangethe size of
the box in interactionmodeby clicking on one the highlighted handlesof the box. Keepthe
mousebutton pressedand pull in the desireddirection. Notice, thatthe box will not exceedthe
molecules boundingbox. You canalsomave the box within theboundingbox by clicking onone
of theboxes’ sides.Pressinghe box buttona secondime hidesit.

e After pressinghe Draw button,you candraw aline in the viewerwindow which selectsall atoms
thatareinsidetheline.

Molecule\ew
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e TheClearbuttonunhighlightsall atomsandhidesthebox, if it is visible.

o Apartfrom the previously describednethoddor the selectionof atomsyou mayalsoselectparts
of the moleculeby pickingin the viewerwindow. In orderto do soyou needto bein interaction
mode. Also, the atomsneedto be displayed.If you now pick anatom,it will be highlighted. If
you pick anotheratomthe previously highlightedatomswill beunhighlightedandthe new atomis
highlighted.Ct r | -clicking anatomthatis alreadyhighlightedunhighlightsit. Otherwiseit will
beaddedo theselection.

If youShi f t -click anatom,thewholegroupof thelevel specifiedn themenuwill behighlighted.
TheShi f t key canalsobeusedin conjuctionwith theCt r | key.

Commands

conpl exity setVal ue <val ue>

Using this commandyou can setthe complexity of the scenedisplayedby this viewing module. The
compleity controlsthe numberof trianglesusedfor visualizingatomsandbonds. In fastmodeit also
regulatesthe size of the texture usedfor displayingthe atoms.Thevalueneedgo bein therange[0.0-
1.0].

get Opt i mal Col or mapRange

Whendisplayingall atomstherangeprintedby thiscommands agoodchoiceasrangefor thecolormap.
i newi dth setVal ue <val ue>

Setsthewidth (integervalue¢, 0) of thelinesin wire framemode.

set TextureAnti Al'i asi ng <val ue>

This commandenableg1) or disables(0) antialiasingfor the texturesusedin fastspheremode. An-
tialiasinghasno impacton the renderingspeed However, if antialiasingis enabledandyou have mary
differentcolors,the generatiorof thetexturesmight be considerablhyslower.

4.11 Obserwnvables

This moduleallows to display somestatisticsabouta moleculartrajectory All propertiesstoredin the
trajectorymaybedisplayed suchaspotentialenegy, kineticenegy, total enegy etc

Connections

Data [ required]
Themoleculartrajectoryfor which propertiesshouldbedisplayed.

Time [optional]

A time objectthatmaybe connectedo the modulein orderto synchronizege.g.,aviewing modulewith
theline in the plot window, indicatingthe positionof thetime stepwithin thetrajectory

Ports
EditT ime

Time Step: Ii ||1
Animate: |1 o]« ]| [2000 T focp

Thisportis mostusefulin conjunctionwith aviewing modulein orderto seethe propertyof 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
connectedvith anobjectof type Moleculewhich canbevisualizedwith, e.g.,the Molecule View.
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Obselvable Type

‘8 Observable Type: Ipnlential_energ_l,l j |

Choosehetypeof propertywhich shouldbe plotted.

Action

8 Action: Plot |

Plotthe Observablelypewithin a new window.

Plot Option

‘8 Plot Option: ¥ Display probe values

Selectthistoggleif thevaluesof the plottedpropertiesatthe currenttime areshown in the plot window.

4.12 SecStructureView

This moduleprovidesthe functionality for viewing the secondanstructureof a molecule. It relieson the
informationgivenin thedataentry of the connectednolecule.You canonly view helices sheetandturns
if informationaboutthesestructureshasbeenreadin (for examplefrom a pdbfile).

The backbonewill be interpolatedby usingthe coordinatef thoseatomswhosecommentis setto "N”
and”C” (if the structureis a polypetide)or respectrely "O5*" and”O3*” (if the structureis a DNA or
RNA) If theatom-commenéttribute doesnot exist (for examplemoleculeshathave beenimportedfrom
unichemfiles) no backbonecanbe viewed.

Connections

Data [ required]
Themoleculethatis to beviewed.

BackboneColormap [ opti onal ]

Thisportletsyou connecthecolormapof thebackbondo auserdefinedcolormap.A similar port exists
for helices,sheetsandturns.

Ports

View Options

|8 View Options: ™ Backbone ¢ Helices ¢ Sheets © Tumns

To switchbetweertheoptionsof thedifferentstructuretypesyou canusetheseradio-kuttons. Theoption
portsfor thedesiredstructurewill thenbevisible.

BackboneRadius

|8 Backbone Radius: || A IU.2 ‘

This portletsyou changehebackboneadius.

BackboneOptions

‘8 Backbone Dptions: ¥ shaw in fitered parts

With the toggleshowin filtered parts you canchoosewhetherthe backboneshallbe viewedin partsof
themoleculethatbelongto ary structureghathave beenhiddenusingthefilters.

BackboneColoration

|8 Backbone Coloration: ' chains  residues

SecStructieMew
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The settingof this port determinesn which way the backbonewill be colorized. You cancolorizethe
chainsor theresiduesn the colorsdefinedby the colormapport.

BackboneColormap

|8 Backbone Colormap I':' | . I l IEDDDD |
By right-clicking on this portyou canchoosebetweerdifferentcolormaps.

If a constantolor is selected left-click on the port will opena color editor. If a colormapis selected
thena left-click will createa colormapobjectin the object-pool.A similar portis availablefor helices,
sheetsandturns.

BackboneColor Legend

|8 Backbone Color Legend: Show ||

The color legendhelpsyou to associatehe colorsto the namesor typesof the coloredstrucutres.A
similar port exits for helices,sheetandturns.

Helix shape

|8 Helix shape: {© Tubes * Cylinders  Ribbons € Tubular

This portletsyou choosebetweerdifferentmethodgor viewing helices.
Thetubeview will showv the helix by drawing atubeconnectingheinterpolatedbackbonecoordinates.

The cylinder view will approximateaxis using a leastsquareerror minimization for the sum of the
distancedetweerthe backbonecoordinateof the helix andthe axis. Theseaxiswill beusedto center
thecylindersfor thehelices.

Theribbon view is simlilar to thetuberepresentatioexceptthatthe backbonds shovn usinga surface
whosenormalsaresetperpendiculato aline fitting the helix.

Thetubular view will shav atubefitting the helix.

Helix Radius

|8 Helix Radius: [~ 05 |

With this portyou canadjustthe radiusof the shawvn tubes cylindersor tubulars.
Helix Ribbon Width
|8 Helix Ribbon Width: [ E ‘

This port canbe usedto adjustthe width of ribbon.

Helix Ribbon Options

|8 Helix Ribbon Options: ¥ 30 ‘

Theoption 3D enablesa threedimensionalepresentatioof theribbonsurface.

Helix Colormap

[ HonCotomen[= | ||

Theuseof this portis similar to the backbonecolormap

Helix Color Legend

|8 Helix Color Legend: m”

Theuseof this portis similar to the backbondegend
SheetShape

|8 SheetShape: © Tubes % Amows

This portletsyou choosebetweerdifferentmethodsor viewing sheets.

Chapter4: Alphabeticindex of Modules



Thetubeview will showv thesheetusingatubeconnectingheinterpolatedbackbonecoordinates.

The arrow view will shav arrows insteadwhich show the orientationof the planesthat areformedby
theadjacenstrandsandthe hydrogerbridgesbetweerthem.

SheetArr ow Width

|8 Sheet Arrow Width: [ [15 ‘

This portis visible if you view the sheetsaasarrows. It determineshewidth of thearrows.

SheetArr ow Options

|8 Sheet Arrow Dptions: v bioadhead v 3D v smoothed |

The optionsbroad headand3D configurethe style of the arrows further.
Theoptionsmoothwill bezierinterpolatethe backbonecoordinate®f the sheet.

SheetRadius

|8 Sheet Radius: [ [03 ‘

If youview the sheetsastubesthis portletsyou configuretheradiusof thetubes.

SheetColormap

|8 Sheet Colormap | ! T A |

Theuseof this portis similar to the backbonecolormap

SheetColor Legend

|8 Sheet Color Legend: Show”

Theuseof this portis similar to the backbondegend

Turn radius

|8 Turn ladius:ll - ID.3 ‘
This portletsyou determingheradiusof the turntubes.

Turn Colormap

|8 Turn Colormap ID _—I |255 ‘

Theuseof this portis similar to the backbonecolormap

Turn Color Legend

|8 Sheet Color Legend: Shnw”

Theuseof this portis similar to the backbondegend

View Structur es

|8 View Structures: ¥ Backbone ¥ Helices W Sheets ¥ Tums

This port canbe usedto filter outthe backboneor all sheetdelicesandturns.

SecStructieMew
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Chapter 5

Alphabetic Index of Components

5.1 Molecule SelectionBrowser

The selectionbrowser is a handytool for the easyinvestigationof the two-dimensionalstructureof a
molecule. It consistsof threemain parts: the menubar, a scroll window, and a highlighting section. In

the scroll window all items of a chosenlevel will be displayed. Most of the popupmenusin the menu
bar allow the userto controlwhatis beingshown in the scroll window. Finally, the highlighting section
providesfurtherfunctionalityfor the selectionof itemsin the scroll window.

The selectionbrowserenableghe userto quickly selectpartsof the molecule,which will thenbe high-
lightedin the browseraswell asin the viewer by the viewing modulesconnectedo the molecule. The
highlightingallows to establisha correlationbetweerthe two- andthethree-dimensionaholecules struc-
ture. Highlightedatomscanbe usedfor masking.Thus,the usercanconcentrat®n theregionsof interest.
Furthermorethe maskingallows to combinedifferentrepresentationis aneasyway.

The scroll window
Displayed information

In this window all items of somechosenlevel are displayedhierarchicallyin the first column. An item
might bea singleatomor agroupof items.

If thereexists additionalinformationfor an item, this will be displayedin the following columns. If the
informationis not available,the entry will be empty Additional informationtypically includestheitem’s
type,andthe membershipf theitem in somelevel. Note,thatonly the directmembershiill be consid-
ered,i.e. if anitem is nota memberof somelevel, but a memberof somegroup,which is anitem of the
level, the membershipnformationwill notbedisplayed.An exceptionis beingmade,if 'atoms’is chosen
asmastetevel. In this casewe displayall groupsof theinformationlevel theatomsomehav belongso.

If thereareary viewing modulesconnectedo the molecule,therewill be morecolumns(let’s call them
viewer columns)to the right of the info columns- one per module. Thesecolumnsare usedto display
whetheranitem is showvn by the viewing modules.For eachitem arectanglewill bedrawn in eachviewer
column. If theitem is fully shovn by the viewing module,the rectanglecontainsa tick. If it is partially
shawn, i.e. somebut notall of its groupitemsareshown, thetick will begreyish. Thereis oneothersymbol,
which might getdisplayedn therectanglea’B’. The'B’ standsor backboneandindicatesthatthe atom
belongsto thoseatomscurrentlydefinedasbackbone This will bedescribedn thefollowing subsections.
The’B’ might be black or grey. Again, grey meansthe atomis not displayedby the viewing module. A
blackletterindicatesthatthe atomis shavn, but simply becausét belongsto thebackbone.
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Iltem and information columns

If anitemis agroup,i.e. it containstems,alittle iconwill be placedto theleft of theitem name.You can
click ontheiconto open/closdheitem,i.e. to shaw or hidethe containedtems,respectiely.

In orderto selectanitem in the scroll window the usercanclick on the respectre item, which will be
highlightedimmediately To togglethe selectionof anitem you mustCTRL-click theitem. WhenSHIFT-
clicking anitem a whole rangewill be selected.You canalsopull the mousewith the left mousebutton
pressedaver a coupleof itemswhich selectsall of them. CTRL-click andpull againtogglesthe selection.
If anitemis fully selectedit will behighlightedin red. If atleastonebut notall of its subitemsareselected,
we call theitem partially selectecandhighlightit in green.

Thereis alsothe possibility to selectitemsby its type or someotherinformationin oneof theinformation
columns.If you click onthedisplayednformationfor someitem, all itemswith the sameinformationwill
alsobeselected.

Viewer columns

If thereareary viewing modulesconnectedo the molecule,suchas Molecule\lew, BondAngleView, or
SecStructurelw, therewill be viewer columnsin additionto the masterandinformationcolumns- one
per viewing module. Eachof thesecolumnscontainsa tick box for eachitem displayed. The tick box
containsinformation aboutwhetheran item is shavn by a viewing moduleor not. Beforethe different
statesof atick box will be explainedwe make a shortexcursion.For corvenienceall atomsare classified
asbelongingto the backboneor not, wherebywe usepredefineackboneclasses.You mayrestrictyour
selectionto only backboneatoms which meanghatanatomwill only bedisplayedby the viewing module
if it belongsto the backbone Apart from thatyou may alsowantto show atleastall backboneatomsplus
additionalatoms. Therefore jnternally thereexist two arrays,onecontainingall backboneatomsandone
containingso-called selectedatoms.Dependingon the backbonenodetherearethreechoices:

¢ all atomscontainedn eitherarraywill bedisplayedor
e all atomscontainedn botharrayswill bedisplayedor
e only thoseatomscontainedn the’selected’-arravill bedisplayed.

Usingthosetwo arraysallows the userto quickly changebetweerbackboneatomsandall otherswithout
loosingthe previousatommasking.

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

e Theboxis empty- thecompleteitem is not shovn by the viewer.
e Theboxcontainsablacktick - the completeitemis shavn.

e Thebox containsa grey tick andtheitem is anatom- the atomis a memberof the 'selected’-array
but is still not shavn dueto thebackbonemode,i.e. it doesnotbelongto thebackbone.

e The box containsa grey tick andthe item is not an atom- the item is only partially shavn in the
viewer.

e Thebox containsablack’B’ (only for atoms)- the atomis shovn simply becausét belongsto the
backbone.

e Theboxcontainsagrey 'B’ (only for atoms)- theatomis not shown, but belongsto the backbone.

Clicking on a box togglesits state.You mayalsoclick on oneitem andthenpull the mousepointerover a
numberof items.All of thesdtemswill besetto the samestateasthefirstitem.

Apart from directly clicking on a box thereis yet anotherpossibility to changethe stateof thetick boxes.
If you click on the headerof a viewer columnwith the right mousebutton a popupmenuwill appear
containingthefollowing entries:
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e Add - addsthe currentlyhighlightedatomsto the’selected’-array
¢ Remae - removesthehighlightedatomsfrom the selection.

e Replace replaceselectionby highlightedatoms.

e Clear- clearsthe’selected’-array

o All - selectsall atoms.

e Restrictto - this popupmenuallows the userto restrictthe setof displayedatomsto somepredefined
set.

e Combinewith - if oneof the entriesin this popupmenuis selectedthe chosersetwill bethe mini-
mumsetthatis beingdisplayedby therespectie viewing module.

e Set- the'selected’-arrays setto the choserpredefinedsetof atoms.Startingfrom this selectionyou
canaddor remove partsof themolecule.

Highlighting section

Thisbrowsersectionconsistof atext field andabuttonrow. In thetext field you cantypeatomexpressions,
whichwill beexplainednext.

Atom Expressions

Syntax
atomExpr— (‘atomExpr)
| NOT atomExpr
| atomExprAND atomExpr
| atomExprOR atomExpr

| WITHIN (atomExprfloat)

| BONDED (atomExpr[,int])

|CS

| atomSpecifier
atomSpecifie~ hierName[/attrName]=ID

hierName standsfor a nameof a hierachylevel. The following abbreviations canbe usedfor the most
commonlevels:
a=atomsr=residuesb=bondss=secondangtructure

attrName is optionalanddefinesthe nameof an attribute (e.g. temperaturepccupang, type... ) of the
givenlevel. If it is omittedthe ID is supposedo specifytheinternalnameusedby Amira asshavn by the
list commandIf anattribute nameis given,theID is supposedo standfor valuesof theattribute.

To seewhich hierachylevelsandrespectie attributesaredefinedfor the givenmoleculetake alook atthe
Color-Scheme-Pomf the MoleculeView. Theright pull down menuwill show all availableattributesfor
thelevel chosernin theleft pull dowvn menu.

ID specifiesanidentifierof a memberof the givenhierarchyandattribute. It canbethe name/ind& of the
group(eg. L112for theresiduell12ontheL chain)or thetype (eg. ASPfor all asp-residues)Wildcards
suchas* and? maybeusedor rangeqe.g.L112-L115)maybegiven.

SeveralatomSpecifiecombinationganbe usedin oneexpressiorby linking themlogically via the opera-
torsAND, OR andNQOT (short&, |and!). Prioritiescanbe specifiedusingusualbraclets( and).

The WITHIN(selExpr(float) operatorselectsall atomswhich arenearerthanfloat Angstroemto ary of the
atomsspecifiedoy atomExpr

With the BONDED(selExpr[,int])operatorall atomswhich arerecursvly connectedo ary atomsspecified
by selExprwill bechoosenYou canoptionallygive anintegervaluedefiningthe maximalbond-stepsilf it
is omittedtherewill benolimit.

CSletsyou specifyall currentlyselectedhighlighted)atoms.

MoleculeSelectiorBrowser
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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
shar e/ nol ecul es/ at onExpr . ¢f g andcanbeeditedandsupplemented.

Thestandardaliasesncludedin the currentAmirareleaseaare:

acidic
agyclic
aliphatic
alkali
alkaliearth
amino
aromatic

at
backbone
basic
buried

¥¢)

chaged
cyclic

h2o0

helix
halfmetallic
halogens
hetero
hydrophobic
ions
metallic
neutral
noblegas
nonmetallic
nucleic
nucleicbackbone
polar
proteinbackbone
purine
pyrimidine
sheet
sidechain
site

surface
turn

Examples

e at ons=5-8

acidicaminoacids

agyclic aminoacids
alipathicaminoacids

atomswhich arealkali metals
atomswhich areearthalkali metals
aminoacids

aromaticamicoacids

adenineor thymine

atomsof proteinor DNA/RNA
basicaminoacids

amicoacidswhich areusuallyfoundinsidethe protein
cytosineor guanine
chagedaminoacids

cyclic aminoacids

watermolecules

helices

atomswhich have halfmetallicproperties
halogenicatoms

heterogeni@atoms
hydrophobicaminoacids
chagedheterogeni@atoms

atomswhich have metallicproperties
neutralaminoacids

atomswhich have noblegasproperties
atomswhich have nonmetallicproperties
nucleicacids

backboneatomsof RNA/DNA
polaraminoacids

backboneof a polypeptide

adenineor guanine

cytosineor thymine

sheets

atomsof th proteine/RM\V/DNA which do not belongto the backbone

aminoacidswhich tendto befoundon the surfaceof molecules

all atomswhoseindex is betweerb to 8.
e s/type=helix AND NOT (a=C OR a=N)
all atomswhich belongto helicesexceptC andN atoms.

o r/type=A*r

all atomswhich belongto residuesvhosetype namebeginswith theletterA.
e BONDED( a=4 OR a=100, 6)

all atomswhich areconnecteaver 6 or lessstepsto the two specifiedatoms
e WTHIN(r=A11,3.1) AND C
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all carbonatomswhich arenotaway furtherthan3.1 Angtroemfrom atomsof theresiduel1 onchain
A

e acidic AND helix
all carbonatomsof acidicaminoacidswhich belongto helices

Buttons

The buttonswork in conjunctionwith the expressionin thetext field. Whenpressingary of thefirst three
buttons theatomexpressionwill be evaluatedandtheatomscorrespondingo theexpressiornwill beadded
to, remaedfrom, or replacethe highlighting, respectiely. Thelasttwo buttonsclearthe highlighting or
highlight all items,respectiely.

Menu bar

Themenubarcontainsa coupleof popupmenuswhich will be explainedbelow.

MasterLevel

The MasterLerel menucontainsall levels currentlydefinedin the molecules topology: All groupsof the
currentmasterevel will bedisplayedn the scrollwindow.

Options

The Optionsmenuallows the userto quickly openand collapseitems,i.e. to shav and hide the items
containedn otheritems.

Info

With the help of the Info menuyou candisplayadditionalinformationcolumns suchastype,or theitem’s
membershipn somegroupof somelevel.

Viewer

If youhave mary viewing modulesconnectedo themolecule thenumberof columnsmightconfuseyou. If
you areonly working with oneor a few of the viewing modulesyou mightwantto hidethe othercolumns.
This canbedonewith the help of this menu.

Highlighting

By default, all viewing modulesthatallow highlightingwill highlightall selectecatoms.The Highlighting
menuenableghe userto turn highlightingfor eachviewing moduleon andoff.

MoleculeSelectiorBrowser
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Chapter 6

Alphabetic Index of Data Types

6.1 MolTrajectory

An objectof type Mol Trajectoryrepresentatrajectoryi.e. a seriesof molecularconfigurationsEitherthe
trajectorywasloadeddirectly from afile. Alternatively it canbeattachedo anobjectof type Mol Trajecto-
ryBundlesingling out oneof thetrajectoriescontainedn thatbundle.

Connections

Bundle [opti onal ]

The trajectorymay be connectedo a trajectorybundle If so,the Trajectoryport will appearin the
working areawhich enableghe userto controlwhich memberof the bundlethis trajectoryrepresents.
Ports

Trajectory

‘8 Tlaiectul_-,l:l But.1 vl ‘

The Trajectoryportis visible only if thetrajectoryobjectis connectedo atrajectorybundle. The menu
offersyouthe choicebetweenrnthetrajectoriescontainedn thebundle.

6.2 Molecular Field

An objectof this dataclassextractsmolecularproperties representecs uniform scalarfields, from an
objectof type Molecule Thesescalarfields caneitherbevisualizeddirectly with severalviewing modules
typical for visualizing scalarfields suchas OrthoSliceor Voltex. Furthermore the scalarfields canbe
displayedon a surfacein pseudo-colomode,e.g. on a molecularsurface Finally, you cancomputethe
gradientof the scalarfield andvisualizetheresultingvectorfield with the DisplaylSL module.

Connections

Molecule [ opti onal ]

Connectiorto moleculefrom which fieldsareextracted.
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Ports
Field Type

|8 Field T}lpe:l VI ‘

Field, thatshouldbe extractedfrom molecule e.g. electrostatigpotential.

6.3 Molecule

An objectof datatype Moleculecontaindnformationaboutthestructureof amolecule.Typicalinformation
thatarestoredarethetypesandpositionsof the molecules atomsandthe bondsbetweertheatomsplusthe

type of eachbond. Furthermorethe dataobjectstoresinformationaboutgroupsof atomsin a hierarchical
way. For examplea functionalgroup consistsof a numberof atoms,several functionalgroupsmay form

aresidue,anda coupleof residuesnay form a secondarystructure. This allows to quickly traversethe
structureof amolecule.

In additionto structuralinformation,an objectof type Moleculemay containpropertyfields, suchasthe
electrostatipotentialor hydrophobicitywhich canbeextractedfrom themoleculeby clicking themolecule
icon in the objectpool and selectingMolecularFeld, which resultsin an objectof type Molecular Field
appearingn theobjectpool.

Moleculescanbe visualizedwith oneof the following viewers: MoleculeMew, BondAngle\iew, or Sec-
StructureView. In additionto thattherearetwo modulesby which somekind of molecularsurfacecanbe
generated.The Molecularinterbcemodulecanbe usedto generaténtramoleculatinterfacessuchasbe-
tweensingleatomsor residues Beyondthatthis modulealso permitsthe generatiorof the van-der\Waals
surfaceof amolecule.Also, theinterfacebetweertwo moleculescanbe computed.The MolecularSuréce
moduleprovidesthe functionality of computingthe SolventExcludedSurface

When comparingthe structuresof several moleculeswith eachotheroneis facedwith the problemof
aligningmoleculego eachother This canbe easilydoneby connectinghe AlignMasterconnectiorport
to a secondmoleculewhich will sere asreference.Thereareseveralalignmentmodes.If the molecules
have the samenumberof atomsyou canalignthe two moleculego eachotherby usingall atomswhereby
thei’ th atomof thefirst moleculecorrespondso thei’ th atomof thesecondmolecule.You mayalsoselect
atomsin eitherthe Slaveor the Mastermolecule. The Slaveis the moleculeto be aligned.If themolecule
have differentnumbersof atoms the only way to align moleculess to selectatomsin bothmolecules.

Connections

Data [optional ]

Themoleculemaybeconnectedo a moleculardynamicdrajectory. If so,aport Timewill appeatn the
working areawhich enableghe userto load new time stepsinto the molecule.

AlignMaster [optional ]

In orderto align a moleculeto anotherone,this port mustbe connectedo a secondmolecule.

Time [optional]

Sometimest may be requiredto synchronizetwo or more time dependentata objects,suchas a

moleculefrom a trajectoryandthe correspondingelectrostatidield. In this casethe time port canbe
connectedo atime object.

Ports

Alignment

|8 Alignment: Ioriginal j Iuse all atomsz j ‘

This port consistf two menus.Thefirst oneallows youto specifyhow themoleculeshouldbealigned.
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Possibleoptionsare original, centerof gravity andto alignmaster The first option meansthat the
moleculewill notbealignedatall, but remainsatits original position. If thesecondptionis chosenthe
centerof the moleculesatomsis computedandthe moleculeis translatedsuchthat this centeris at the
origin of the coordinatesystem.The third option, finally, allows the userto really align two molecules
to eachothertaking the moleculesstructureinto account. However, this optionis only enabledif the
connectiorport AlignMasteris connectedo a secondnolecule.If to alignmasteiis selectedthesecond
menubecomesmportant,which specifieshow the alignmentis carriedout. The easiestvay is to useall
atoms This, however, is only allowed if the two moleculeshave the samenumberof atoms. The last
option, selectatomsin 2 moleculesis usefulif you have two moleculesthat do not agreein the atom
sequenceThus,you needto specifythe correspondingtomsof the two molecules.You do this by the
sequencef selection. If you have two differentstructuresof the samemolecule,however, you might
not wantto selectthe sameatomsin bothmolecules.As corvenienceoptionsfor this sere the second
option, selectatomsin slavemolecule andthe lastone,selectatomsin mastermolecule The selection
is donevia the Molecule View.

Align Selection

|8 Align Selection: Gell Clearl

Thisportappearsf youwantto alignthemoleculeto alignmasterandthe specifiedoptionin thesecond
menuis notuseall atoms Theselectionghatyou doin the MoleculeView arenotautomaticallyhanded
overto the alignmentprocedureput mustbe explicitly loadedby clicking the Getbutton. As resultthe
currentselectionwill be appendedo the previous selections.If you wantto make sure,thatonly the
currentselectionareused click the Clear buttonbeforeyou getthe selection.

Action

8 Action: I.-’-‘«Iignl

Presghis buttonif youwishto carryoutthealignment.

Time

|8 Time: 4| «[{ 7 [ p[1 |
TheTimeportis visible only if the moleculeobjectis time dependenti,.e. it is connectedo a molecular

dynamicstrajectory In the slider you canselecta specifictime step. If you wish to stepthroughthe
trajectoryusethe buttonsnext to theslider. For continousanimationusethe outerbuttons.

SelectionBrowser

|8 Selection Browser: Shnw”

Presghis buttonif youwish to openthe selectionbrowserfor this molecule.

Commands
The consolewindow offers someadditionalcommandgor molecules.
Theeasiestvay to usethe consolefor amoleculeis to click onthe moleculeobjectin thework areaand
thenpressthe TAB-key in consolewindow to promptfor the nameof the selectedobject. Behindthe
nameyou canusethefollowing selectioncommands:
l'ist
Lists all levelsdefinedfor themolecule.

l'ist <level Name>
Lists all groupsof level levelName

list <level Nane/[ groupNane| gr oupRange] >
Printsinformationabouta singlegroupor a numberof groupsspecifiedby agrouprange.

Molecule
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def i ne <l evel Nane/ gr oupNanme> <groups>

This commanddefinesa new groupgroupNamaen thelevel levelName If levelNamedoesnot yet exist,
it will be addedasa new level. groupsis a list of groupsof possiblydifferentlevels. Groupscanbe
specifiedusingranges.

Example: The following commanddefinesa group onein level testconsistingof atoms1 and 3 and
residuest to 6.

e define test/one atons/1 atons/3 residues/4-6

def regexp <I evel Nane/ gr oupName> <at onExpr >

Definea new groupby using atomexpressions The new groupwill only containatoms,i.e. no higher
level groups.

sel <atomExpr>

Letsyou addatomsspecifiedby atomExprto the currentselection.
Example:Thefollowing commandwill selectall carbon-atomsvhich arelocatedin helices.

e sel a=C AND s/type=helix

desel <at onExpr>
Letsyou remove atomsfrom the selection.

appl yTransform
The currenttransformis appliedto the molecule,i.e. the original atomic positionsarereplacedby the
transformednes.
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Chapter 7

Alphabetic Index of File Formats

7.1 MDL

Thefile formatsdfis partof the setof MDL file formatsto save chemicalstructures.

Amira usesandwritestheinformationof theatomandbondblocks.

7.2 PDB

PDB s afile formatfor storingstructuresof biomolecules.The formatis usedfor archving moleculesn
theonline proteindatabase [http://www.rcshorg/pdb/]

Supported records

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

Whensaving a structurethefollowing recordtypeswill bewritten:
HEADERTITLE AUTHOR

SEQRESHELIX SHEETTURN SITE SSBOND

ATOM HETATM TER CONECTMASTER END

Amira supportpdbfiles thatfollow the corventionsof theformatversion2.0 or highet
How to identify pdb groupsin Amira

In Amira all levels (atoms,residuesponds, ...) containassetof informationfields or attributes. Every
level containsthe fields 'name’ and’index’ with the latter one being an internalidentifier that doesnot
necessarilorrespondo the successioof thegroupsin thefile.

If themoleculehasbeenreadfrom a pdbfile thentheatom namecorrespondso theserialnumber(colums
7 - 11) of therespectie ATOM records.

The’comment’field containgheinformationof thefield namedatom name’(colums13- 16) in the PDB
file.

The’name'’ field of chains containsthe chainID (column22) of the respectie ATOM record. HETATM
recordswhosechainID field is emptywill not belongto ary chainin Amira. The chainnameof atoms
belongingto ATOM recordswhosechainiDfield is emptywill besetto 'NIL".

The’name’fieldsof residiuesarecomposeaf the chainnameandtheresiduesequenc@umber(columns
23- 26). If theresidueis a het-groupthe namewill startwith "HET".

Thefield 'type’ containgheresiduenamegcolumnsl8- 20). If noneis giventhefield will besetto 'UNK’
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(for unkwnawn).

Example:

ATOM 441 CB VAL L 58 21.025 37.362 -2.515 1.00 8.15 11 GM 562

Theatomwill beknownwith name'441’ andcommentCB’. It will belongto theresiduewith name’'L58’
andof type'VAL’ whichis sitedon the chainwith name'L’.

Possibleproblems

Amira canreadseveral modelsof one moleculeif the differentversionsare separatelydeclaredbetween
MODEL andENDMDL records.If therearesereral possibleconformationsn onemodel(by usingalter
natelocationidentificators)Amira will readonly thefirst version(thatonewith thealtLocld'A’).

Columns77-78 shouldcontainthe elementnameof the atom. In somePDB files this field is empty or
containsotherinformation. In this caseAmira usesthefirst two lettersof the atomnameto determinethe
atomtype. However in specialcaseghis is not unequvocal. It is not allowedthatthe field containssome
otherinformationthatis not numerical.

All informationin column79-80is interpretedasthe chage of the atom. Thuslinenumbersn this field
will leadto strangechaigevalues.

All bondsof aminoacidsandnucleotideswill becreatedusinganinternaldatabaseBondsof nonstandard
residueshave to bedeclaredn theconnectecords.

You cangeta completedocumentatiorof thefileformatat http://www.rcshorg/pdb/.

7.3 PSF/DCD(CHARMM)

Thisis aformatusedby CHARMM. It consistsof two files, oneholding the structuralinformation (suffix
.psf)andonecontainingthetrajectoryi.e. theatomcoordinategsuffix .dcd).

Amira canreadthis formatandtranslateghe sectionf the psf-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/ni@/index.html.

Amira usesandwritestheinformationgivenin the moleculeatomandbondrecords.

7.5 UniChem

Theunifileformatis usedby the molecularmodellingsoftwareUniChemto save the structureof molecules
andcomputationatesults.Seemoreat http://www.oxmol.com/softvare/unictem/.

Amira usesall structuralinformationwhichis givenin the COORDINATESandBONDSDblocks. Filesthat
wereexportedby Amira follow thefile formatversion4.0 andcanbe usedwith the UniChemsoftware.

7.6 ZIB Molecular File Format

ZIBMolFile is a structuredile formatdevelopedfor exchangingmoleculardata.

This descriptionis dividedinto two parts.Firstwe describethe generalandcontext independentile struc-
ture. In a secondstepwe explain our structuringconventionsfor moleculardata.
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Structur edfiles

A structuredfile consistsof a headerandtwo sections:a plain text sectiondescribingthe file’s structure,
andabinary sectioncontainingthe actualdata:

STRUCTURED FI LE V0.1 BI NARY_BE MOLECULE_TRAJECTORY

TYPE
struct {
atons : array of struct {
id . integer*4;
nane : string;
mass . real *4;
properties : integer*4[8];
b
b
DATA;

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

Thefile structureis similar to a structureddatatypein C or PASCAL. Therearetwo compositedatatypes,
(array andstruct ), andthreeelementarydatatypes,{ nt eger, r eal , andst ri ng). Finally there
existsaspecialtype (ext er n) for includingotherstructurediles.

st ruct containsnamedfieldsof arbitraryheterogeneouype.

ar r ay containsnumberedields of the sametype. Arraysareone-dimensionabnly. Their sizecaneither
be specifiedn thetypedeclarationExample:ar r ay[ 3] of i nt eger) orin thedatasection.

real andi nteger containnumerical,possiblymulti-dimensional,data. The numberof bytesin an
elementmay be specifiedusing™n”. At the momentonly 4 bytetypesareallowed. The rank (hnumberof
dimensionsmustbe specifiedin the type declaration.The numberof elementsn eachdimensionmay be
specifiedn thetypedeclaratioror in thedatasection(indicatedby ”.”). Example:i nt eger *4[ 4, ., 3] .

stri ng containsASCII dataof arbitrarylength. Again thelengthcanbe specifiedin thetype declaration
(Example:st ri ng*22) orin thedatasection.

ext ern is aspecialkind of ast ri ng. Thelengthmustbe specifiedin the datasection. The stringis
interpretedasa structuredile whosecontentsshouldappeataspartof the currentfiles structure.

The datasectionis written asfollows:
st ruct : Theindividualmembersarewrittenin thegivenorder

arr ay: Theelementsaresimply written oneafteranother If thearraysizeis unspecifiedit is written in
front of thearrayasa4-byteinteger.

string andext er n: The datais written byte by byte. If the sizeis unspecifiedn the datatype, it is
prependedsa4-byteinteger.

real andi nt eger : Individual elementsarewritten in the formatspecifiedn thefile header(big endian
or little endian).Floating-pointnumbersarein IEEE format. Matricesarewritten in FORTRAN order If
ary dimensionis unspecifiedn the datatype, it is written asa 4-byteintegerbeforethe data.If morethan
onedimensionis unspecifiedthey (andonly they) arewritten beforethe datain their naturalorder If a
dimensionis specifiedn the datatype, it is neverwrittenin the data.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 written asa sequencef 4-byteintegers.

3113517921 2 146 18 10 22 3 15 7 19 11 23 4 16 8 20 12 24
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Theleading3 specifieshedimensiorunspecifiedn thedatatype. Thefollowing 24 numbersaretheentries
of thearray

Molecular data - a minimal file

Readinga structuredile containingmoleculadataAmira expectsthefile structureto have certainelements.
Moreoverthefile may have arbitraryadditionalelementswhich will beignored. The minimal structurea
moleculardatafile mustsupplyis:

struct {
nol ecul es : array of struct{
nane :@ string
groupi ngs : struct {
atonms : array of struct{
id: integer*4;
type : integer*4,;
nane : string;
b
b
trajectory : array of struct{
coordinates : real *4[3,.];
b
b
typbase : struct {
atoms : array of struct{
id: integer*4,;
nane : string;
nunber : integer*4;
radius : real *4;
s
1
b

In the following we will usea notationinspiredby C to denoteelementsof the structure. A struct'’s
field will be specifiedasthest r uct followedby a“.” andthe nameof thefield. For arrayelementsave
will write thearrayfollowedby braclets(“[]"). For example“molecules[].groupings.atosj].id” meandhe
field“id” in anelementof thear r ay “atoms”whichis afield of thest r uct “groupings”whichis afield

of anelemenbf thear r ay “molecules”.

The overall type of thefile is a st ruct containingthe fields moleculesandtypbase moleculesis an
ar r ay of whicheachelementdescribes molecule.molecules[].namecontainghenameof themolecule.

molecules[].goupingsspecifieghetopologyof themolecule,i.e. which atomsit contains.Every element
of molecules[].goupings.atomsdescribesone atom of the molecule. atoms[].id is a uniquenumerical
identifier atoms[].typeis anumericalreferenceao afield in thetypebasedescribedelon. atoms[].name
is atextual identifieruniquewith respecto all atoms.It is usedto specifythis atomonthecommandine.

molecules[].trajectory is an arraywith every elementdescribingone timestepof a moleculetrajectory
trajectory[].coordinates hasthe samenumberof elementsas molecules][].gioupings.atomsand every
elementpecifiesa positionfor the correspondingtom.

typbase is structured analogously to molecules[].goupings Corresponding to
molecules[].goupings.atomsthe array typbase.atomsholdsinformation commonto atomsof the same
type. Preciselythe type information of an atomis storedin the molecules[].gioupings.atoms[].typéth
elemenbf typbase.atoms
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typbase.atoms][].id holds a numericalidentifier which should be identical to the elementindex. typ-
base.atoms[].nameis a textual label for making the typefication transparentfor the user typ-
base.atoms[].numberandtypbase.atoms[].radiusarethe atomicnumberandradiusof thetypedatom.

Bonds

Bondscanbe specifiedby addinganarraynamedbondsto moleculesl[].gioupings

bonds : array of struct{
id: integer*4,;
type : integer*4;
conmponents : integer*4[2];
i ndex : integer*4;

b

bonds|].id is a uniguenumericalidentifierwhich shouldbe greaterthanary valuespecifiedin atoms[].id.
Analogougto atoms|[].typefor atomsbonds[].type specifiesanumericaltypefor every bond,althoughthis
is notyetinterpretecby Amira. The arraybonds[].componentsholdsthe numericalidentifiersof the two
atomsconnectedy the bond. bonds][].index finally indicatesif it is a single(1), double(2), triple (3), or
anaromaticbond(4). Thevalue8 indicatesa bondof unknawn type.

A big example

The information storedin the describedfile format can be divided into differentdegreesof generality
Information storedin typbaseis specificto the molecularforce field usedin the calculationsleadingto
a moleculartrajectory It would be redundanto storethis informationin every file for which the same
molecularforce field was used. Thusit canbe storedin an extra file, which is thenreferencedoy an
ext er n declaration.

A similar mechanisnappliesif morethanonetrajectoryis calculatedfor the samemolecule. The topo-
logical informationaboutatomsmakingup the moleculeandbondsconnectinghemwill be the samefor
all the trajectories. On the otherhandwe do not want a file for every single moleculetopology Thus
our trajectorycanreferenceanotheffile containinga multitude of moleculartopologiesandjust supplythe
timestepstself.

Thefollowing is anexamplerealisingtheseconcepts:
trajectory file:

struct {
t ypbase . extern;
nol ecul es : array of struct{
id i nt eger*4;
observations : struct {
gl obal _obs string[.];
b
t ext string[.];
nane string;
nmol base ext ern;
trajectory : array of struct{
gl obal _obs real *4[.1];
coordi nat es real *4[ 3, .17;

b
s
s
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molbasefile:

struct {
t ypbase ext ern;
nol ecul es : array of struct{
id i nt eger*4;
observations : struct {
gl obal _obs string[.];
b
t ext string[.];
nane string;
gr oupi ngs struct {
at onrs array of struct{
id i nteger*4;
type i nteger*4;
name string;
s
bonds array of struct{
id i nteger*4;
conponents : integer*4[2];
type i nteger*4;
i ndex i nt eger*4;
b
di hedral s array of struct{
id i nt eger*4;
conponents : integer*4[4];
type i nt eger*4;
b
resi dues . array of struct{
id . integer*4;
nane string;
remar k string;
type i nt eger*4;
fromid i nt eger*4;
to_id i nteger*4;
H
b

b
b

typebasefile:

struct {

at ons

trajectory
coor di nat es

b

array of
id :
type
name
nunber :
periodi c_row :
nmass

char ge :
partial _bond_ch

array of struct{
real *4[ 3,.];

struct{
i nt eger*4;
i nt eger*4;
string;
i nt eger*4;
i nt eger*4;
real *4
real *4

arge_i ncrenent real *4[ 2];
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r adi us : real *4;

N_i . real *4;
Al . real *4;
g_i . real *4;
al pha . real *4;
datyp : string;
properties . integer*4[8];
equi val ence : integer*4[4];

b
s

Someyet undescribedeaturesappeatin this example. Thefirst is the possibilityto supplyscalarobserv-
ablescorrespondingo the singletimestepsPossiblevaluesaredifferentenegieslik e kinetic andpotential
enegy. The namesof the obsenablesarereadfrom molecules[].obsevations.globalobs[] in thetrajec-
tory file. Theirvaluesarestoredin molecules][].trajectory[].global -obs]]

Besidesbondsthe file cancontainarbitrarygroupsof atomsor groupsof groups. Thesegroupsareorga-
nizedin levelswhich appeaihereasthe elementof molecules[].goupings

Every level is an array whoseelementsdescribethe particulargroups. Every groupis a structwith the
fieldsid, type, andfields specifyingthe contentsof the group. id is numericalidentifier uniqueover all

groupsspecifiedfor the molecule.Preciselythe identifiersin onelevel shouldbe consecutiely numbered
andbiggerasall theidentifiersusedin the precedindevels.

Therearetwo waysof specifyinga group. Thegeneralway is to specifyall elementsxplicitly. In thatcase
the groupcontainsafield components[]containingtheids of all elementof the group. If the elementsf

a groupcover a consecutie sequencef ids, it is sufficient to specifyonly the first andthe lastid. In that
casethegroupcontainsthefieldsfrom.id andto_id.

dihedrals are groupsof 4 atomsconnecteddy threebondslike a chain. Every suchgroup definestwo
intersectingplanes.The angleof intersections calleda dihedral angleor torsionangle For performance
reasonsAmira will readdihedrals only if the moleculehaslessthan 500 atoms. Torsion anglescanbe
displayedwith the Molecule View.

residuesaregroupsrepresentinghe building blocksof a complex molecule for examplethe aminoacids
of a protein. All groupingscanbe usedto color the moleculein the Molecule View or in the BondAngle
View.
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