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1 Introduction

1.1 About CAVERnNalyst

CAVER Analyst®isa software programfor the analysis of access pathways to buried active sites in
proteinsin long molecular dynamics (MD) simulatioMany proteins possess deeply buried binding sites in
the protein coreThe &e, shape, pysicachemical properties and dynamics of pathways leading from the
protein surface to the core are of the utmost importance for the accessibility and biological activity.
Accesgbility of the pathways for the liganslis as important as the ligarfaifit to the binding site itself.

CAVER Analy2t0 assists with calcation, analysis, visualization and rationatdesign of the ligand access
pathwaysin MD.

CAVER Analy210 offersa number of features assisting analysishaf access patlays in protein suc-
tures:

Visualization of all identified access pathways.

Frequency and average overall cost of individual pattsway
Average radius, length, volume and curvature of a given pathway.
Maximumand average bottleneck of a given pathway.

Residues lining awg@n pathway and bottleneck.

Detailed pathway profiles.

Pathway dynamics by animation of long MD simulations.
Specialized visualization techniques for exploration of tunnel profile, tunnel bottleneck, and
surrounding residues over time.

Measurement of distaces and angles between atoms.

Mutation of individual residuesusing rotamer libraries.

Multiple clip planes for exploration of protein inner structure.
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1.2 Hardware and Software Requirements
Minimal configuration:

1 Java B8

1 2GBRAM

1 32-bit architecture

1 Intel HD family graphics adapter

Recommended configuration:
1 Java 1.8r later
1 8to16 GB RAM
1 64-bit architecture
1 AMD Radeon or NVIDIA GeForce family graphics card



Regardlesof the recommended configuration, CAVERalystis platformindependent therefore the
followingplatforms are supported:

1 Windows7, 8, 10

1 Mac OS X 10.50r later

9 Linux major distributionsicluding Fedora Core, Red Hat and Ubuntu

1.3 User Support

Almost 6,000 users worléwide have downloadedsome version of CAVERalmost 80,00 individual
downloads)andmany of themhave providednvaluable feedback. Usgrdmments and recommendations
have always been instrumental for the development of the software thasare grateful for any kind of
feedback from your experience withe CA/ERAnalyst

To obtain more informationprovide recommendationrequest new features or report buges CAVER
Analyst pleasewrite to us atcaver@caver.cz
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2 Software Features
2.1 Workspace

The workspae of the CAVERnalystapplication consists athe main menu, toolbar ath four main panels
(see figure2.1). Thetop part of the left panel €ontrol pane) is usedto control loaded s$ructures
(StructuresOverviewwindow), to manageexisting selectios(Sructure Selections windowand to manage
computed cavities (Cavities Overview windowhe bottom of the left panedk reserved fomworking with
various tools, e.g.structural and sequencealignmentand controlling probe ige and transparency of
protein and tunnelsurface

The main menu and toolbar provide access to all functions of the application. The tdwdisarshortcut to

the most often used functions, such as loading the molecule faairsc, downloading it online from the
PDB databasesaving ad loadingthe current sessionghangingthe visualization style of active structures,
tunnels cavitiesand othersFulldescriptiors will be providedlaterin this document

The bottom panel dxplorer pane) allows users to explore primary protein struze and make residue
selections (Structure Sequence windoitg) control the animation playback whea dynamic simulation is
loaded (Structure Dynamics windoafdto explorevarious tunnel statisticg lining residues, bottlenecks,
etc. (Tunnel Computatio Statistics window)it contains also the Console window for controlling the main
functions of the application using the command ling.also offers a new visualization feature for
exploration of tunnel profile over time (Residue Graph window).

The rightpanel computation pane) allowsusersto choose input parameters for tunnel computation and
to launch their calculation (Tunnel Computation windo®irthermore, it contains the Cavity Computation
window for setting input parameters and calculation of/itigs. Thisareaalsocontainsthe Color window

for changing color schemder individual atoms, residues or chains for visualization purposes. When you
want to see more information about loaded structures, you can use the Structure Properties window
which willalsobe displayed in the right pandilore detailed information about given structure is present
in the Structure Statistics windowrlhis panel also contains the Mutagenesis window for designing
mutations of residues on static structures.

Finally,the central visualization panelserves for visualization and view contr@/isualization window
visualizing and setting of graph statistics of computed tunnels (Tunnel Graph wirfdowl)splaying log
messages (Log windowand for novel representationfaunnel cross cut and its evolution over time
(Contours window)

Windows in one panel can tsvitchedby clicking their title header. Each panel can be closed or reopened
viathe Main Menu Their size can be deliberately altered bygidiag. Users can also design their own

layout by dragging the windows to the desired panel (drag the title header). They can return to the default
layout and size ithe main menu: ViewReset WindowsWindows can also be undocked and separated

from the workspace.
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Figu”rez.l: CAVERnalystwork area

2.2 Main Menu

Top main menu contains the following categories:

1 File

o OpenStructured a 0 X
Allows the userto open a structure from the PDB file stored dhe hard drive. CAVER
Analyst creates its own caver folder (in Windows in C:/Documents and
Settings/username/caverYhis is wherall downloaded PDB files are stored.

0 Open Molecular Dynamic$
Allowsthe userto open a set of PDB files representing molecular dynamics storaleon
harddrive.

o DownloadStructureX
Opens the dialog window enablitige userto enter the PDB ID of the moleculghich will
then be downloaded from the PDB database.

o / 2y@SNIi 58yl YAOax
Allows the user to convert the molecular dynamics from the AMBER, GROMACS, or
CHARMM file format tthe set of PDB files.
o [2FR 22NJ]aLl OSXx
Allowsthe userto load sessions previously saved on the hard drive (in .cws format).
o {I&9S 22NJ] aLl) OSX
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1 View

Saves the current CAVER Analyst session (all loaded structures, computed tunnels and their
settings) to the hard dvie (.cws format).

ApplicationLog

Opens the center panel with information about performing actions.

Application Settings

Opens the dialog window with general settings of the application.

Console

Opens the Console window where the user can control the nfaictions of the
application using the command line.

Exit

Closes the CAVERalystapplication.

VisualizationWindow

Opens thecenterpanel containing visualization of the scen®lore details irsection 3.2.
HighlightSelection

Enables/disableshe highlighting of atoms, residues or chains (according to the settings in
the Selection window) when passing over them with the cursor.

SurfaceConfiguratiornX

Opens theSurfaceConfiguration window in thdottom left panel. Itallows the userto
change tle transparency ofhe molecularsurface, tunnel surface, and selection surface,
anddefinethe probe size, which controls the preciseness of the surfideas no effect on
other visualization styles.

SceneFog

Enables/disables visualization of fegharcing the perception of depth in the scene.

Scere Drag Rotation

When enabledusers can launch automatic rotation of the whole scene. The direction and
speed of rotation is determined by dragging the mouse.

Orthographic Projection

Allowsthe user to changéhe projection type. Orthographic projection does not distort the
scene.

ResetCamera

Resetghe scene so the loaded structures are centered to the viewport

Reset Structures

Resets all the loaded structures to their original position after loading t@gpdication.
Toolbars

Here users can customize the Top Toolbar seati@mow/hide groups of related icons,
change icon size or customize the toolbar.

A Fileg shows/hides icons related to opening or downloading structures.
Workspaceg shows/hides icons retad to loading or saving current session.
Computationg shows/hides icon related to tunnel computation.

Structure Visualization¢ shows/hides icons related to changing visualization
modes of structures.

Tunnel Visualizatiorg shows/hides icons related tchenging visualization modes
of tunnels.

Cavity Visualizatiorg shows/hides icons related to visualization of cavities.

Tools¢ shows/hides icons related to additional tools (currently color chooser and

> > > >

>

> >
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making screenshots).
A Small Toolbar Icong changes ti icon size.
A Reset Toolbarg sets all toolbars to their default settings.
A Customizeg add arbitrary icons to the Top Toolbar section.
0 Reset Windows
All windows are returned to their default position and size.

9 Visualization
Allowsthe userto changethe visualization style ofctivated protein structurs, computed
tunnels, or cavities If no tunnelsor cavitiesfor a given structurehave beencomputed,
changing their visualizatiostyleis disabled.
Structure Visualization Styles:

o Points
Visualizes molecalas crosses positioned into the center of each atom.
o Dots

Displays atoms as dotted spheres of van der Waals radii.
0 Wireframe
Representa moleculewith its bonds visualized as lines.
o0 Alpha Trace
Visualizes the polypeptidic chain afprotein by connectig the Galpha atoms of amino
acids.
o Sticks
Displays molecular bonds as thrdemensional sticks.
o Balls & Sticks
Shows both atoms and bonds of the protein.
o0 Van der Waals Radii
Molecules are represented bya set of spheres with van der Waals radii.

o Cartoon
Representation of secondary structures.
o Surface

Visualization of the protein surface. Its transparency can be set usitige
Visualization/Transparendynction available from the main menu.

Tunnel Visualization Styles:

o Points
Displays tunnels using Tunn8ubdivision Surfacevhere the surface is represented by
dots. This method camlsobe used fowvisualizingunnels in molecular dynamics.

o Centerline
Showsa line representing the centerline o tunnel. This method caalso be used for
visualizingunnels in molecular dynamics.

0 Spheres
Shows the tunnel as a set of intersecting spher&his method caralso be used for
visualizingunnels in molecular dynamics.

0 DetailedSurface
This isthe widest and most precise tunnel representation. This method takese
computation time thus it is used only iastatic case.
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Clusterg(all snapshots in one)

This method is available only when computed tunnels in dynamics are available. It displays
the centerlinesfor all tunnels computed for all snapshots at once. @éiries are colored
according to their related clusters

Tunnel Asymmetric Surface

Shows the asymmetric shape of the tunnel surface.

Cavity Visualization Styles:

Surface

Shows the surface of detected cavities.

Locked Probes

Shows the locked probes, i.sites, where a probe of given size cannot move, it is locked in
its position.More details in sectio.8.

9 Structure

(0]

Overview

Opens the top left panel containirglist of all loaded structures. More details in section
3.1

Selections

Opens the top left pnel containinga list of allcreated selectionsMore details in section
3.10.

Alignment

Opens theAlignment window in the bottom left panel. Details in sect@a6.

{ SFNOK Ay { GNXzOG dzNB X

Opens the dialog window where the user can search for specific drthe protein by
stating their ID Details will be described section3.19.

58t SGS FNRY { 0NXzOG dzNB X

Opens the dialog window where the user can delete specific parts of the protein. Details
will be describedn section3.20.

Clip Plans

Opens theStrucure Clip Planswindow in thetop right panel. Details will be described in
section3.17.

Sequence

Opens thebottom panel containinga sequential representation of all loaded proteins
More details insection 39.

Dynamics

Opensthe bottom panel containingcontrol buttons for animating molecular dynamics
More details insection 311.

Properties

Opens the top right panewhich containghe summarizednformation aboutthe active
structure.More details insection 312.

Statistics

Opens the top right pan&ontaining information about the constitution of active structure.
More details in sectio3.13

Measurement

Opens the bottom left panel enabling the user to perform distance and angle
measurements between atoms. More detailssiction3.21
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0 Mutagenesis
Opens the bottom right panel enabling to design mutations of selected residues for static
structures. More details isection3.22

1 Tunnel

o Computation
Opens thetop right panel enablingthe users toenter parameters for tunnel computatian
More details insection3.3.

o Asymmetric Tunnels
Opens the top right panel, enabling the users to define parameters for computation of
asymmetric tunnels. More details gection3.23

0 Residue Graph
Opens the bottom panel enabling the users to explore the tunnel profié tine, along
with the surrounding residues and their properties. More detgilsection3.24.

o Contours
Opens the central panel enabling the user to explore the contour shape of a selected cross
section of a tunnel (i.e., its bottleneck) over time, alangh the surrounding residues and
their properties. More details isection3.25

0 Statistics
Opens the bottom panel with detailed statistics about computed tunigettusters, lining
residues, bottlenecks, etc. More detailssection 313.

o Graph
Opens tle center panel containinga window which displays various tunnel statistibfore
details insection 3.4.

0 AdvancedSettings
Opens the top right paneénablingthe userto view and edit all parameters influencing the
CAVER algorithm for tunnel computatidiiore details insection 34.

1 Cavity

o Computation
Opens the top right panel, enabling to set the input parameters for cavities computation.
More details insection3.6.

o Overview
Opens the top left panel containing the list of detected cavities. More deitaslection3.7.

0 Locked Probes
Opens theop right panelenablingthe usersto setthe parameters of locked probeMore
details insection3.8.

0 Automatic Updates

Enables the user to turn on and off automatic updates of the application.
o UserGuide

Opens this user guide
0 Report Bug

Opens the dialog window where the user can report a bug or diéaature
0 About CAVER Analyst

Information about product versigrauthorsand copyright.



2.3 Top Toolbar

The pp toolbar containduttons with shortcuts tadhe mostfrequentlyused functiongsee figure 23).

FE T YT -k Br ik Yol 3 S L OSE v o Qull
Figure2.3: Toolbar icons

Functions of icons (from left to right):
f OpenStructurS 6 & 0 X
Opensadialog window for selecting PDB file fronthe hard disc.
1 OpenMolecular DynamicX
Opensa dialog winew for selectinga set of PDB filethe from hard disc which represent
molecular dynamics.
1 DownloadStructurS X
Allows the user to enter a 4-character PDB |Dfor a molecule which will then be
downloaded from the PDB database.
T / 2y@SNI 5eyl YAOax
Opens a dialg window for converting the molecular dynamics in the AMBER, GROMACS, or
CHARMM format to the sequence of PDBs.
T {SINOK Ay { GNHzOG dzNB X
Opens the dialog window for selecting parts of the protein by stating their ID.
f 58tSGS FNRBY { i NHzOG dzNB X
Opens the dialogvindow for deleting parts of the protein by stating their ID.
T [2FR 22NJaLl OSX
Opensadialog window for selecting previously stored working session in .cws format.
T {F @S 22NJ] aLl OSX
Opensa dialog window wherethe user selectsthe destination for savinghe current
working session in .cws format.
1 Tunnel Computation
Opens the Tunnel Computation panel.
1  Asymmetric Tunnels
Opens the panel for setting the parameters for computation of asymmetric tunnels.
1 Residue Graph
Opens the panel containing the visualipat of the tunnel profile and its surrounding
residues in molecular dynamics.
1 Contours
Opens the panel containing the visualization of the tunnel cross cut contour shape and its
surrounding residues in molecular dynamics.
Cavity Computation
Opens the Caty Computation panel.

=

Changing visualization styles of molecules and tunbigisk S&@ Ay ¥f dzSy O0S 2yfe& GKS
tunnelscg highlighted in the Structure windoand more styles can be activated simultaneoysly

9 StructurePoints
Moleculesare represented by crosses the centers of all atoms.
1 StructureDots



1

Atoms are represented by dotted sphenegh van der Waals radii.
StructureWireframe
Molecules are renderedby lines representing bonds between atoms.
StructureAlpha Trace
Galpha atomsof all amino acids are connected and interpolatedit displays the
polypeptidic chainn a simple manner
Structure Sticks
Molecules are represented by 3D sticks showing bonds between atoms.
StructureBalls & Sticks
The nost detailed representation ad molecule. It displays all atoms and bonds.
StructureVan der Waals Radii
Atoms are represented by spheres of van der Waals radii.
StructureCartoon
Molecules are displayed using secondary structuiebelices, sheets, coils.
StructureSurface
Displaysthe molecular surface of the proteirsurface preciseness canbsequentlybe
refined ¢ see section 34

Tunnel Points
Tunnes arevisualizedusing adotted subdivision surface. It can also be animated.

Tunnel Centerline
Tunnet are displayed as a lineepresentingtheir centerline. Also sitable for moving
tunnels in molecular dynamics.

Tunnel Spheres
Tunnes are represented by intersecting spheres positioned on the tunnel centerline. Also
suitable forvisualizingunnel dynamic changes.

TunnelDetailed Surface
The most exact representation of tunnel boundariessimface form It is alsopossible to
use this representation in molecular dynamics. Moreovre user can change the
preciseness of the tunnel surface by changing the probecsiee sectior8.18.

Tunnel Clusters (all snapshots in one)
This representation is suitable only for tunnels computed in a trajectory. It displays tunnels
as centerlines and visualizes tunnels from all snapshots at ortee. @nterline color
determines individual clustsrdetectedn the computation phase.

Tunnel Asymmetric Surface
Tunnels are represented as a surface describing the tunnel void space more precisely,
based on the usedefined parameters.

Cavity Surface
Enables the visualization of detected cavities.

Locked Probes
Enables to define the parameters of the locked probes.

Other functions:

1

1

Coloiing
Opens the Coloringiindow for changing colors of different protein parts (see sec8dm).
Screen Capture
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Allows the useto store current snapshot of the sdalization windown the .png, .bmp or
.Jjpg format.
9 Video Capture
Opens the panel for capturing the video of the main visualization window.
T Fog
Allows the user to turn fog on and off in the scene. Fog can enhance the perception of
depth in the scene.
i Sdection Mode
Enables to define the selection mode is then used for direct selection of protein parts in the
main visualization window.

11



3 Windows and their Features

3.1 StructuresOverviewWindow

This windowallows the userto organize all stictures currently loaded into the applicatiaisee figure
3.1.1). The basic principle of manipulation with structures is as follows. itenserwantsto work with a
given structurethe structure mustbe ACTIVEThismeans that it is selected in ther8ttures Overview
window. A lected structure is highlightetth orange.More structures can be activated at ondésing Ctrl

+ Left Mouse Button the user can select or deseleeny structure. The Shift + Left Mouse Button
combinationallows the useto select or deselect more structures between two selected structures (similar
as in other, common applications).

All structures can be selected usitig GAdivate All§ button at the top of the window¢ KS & Ly @S NI
button switches between selected ankselected itemsThedRemove Selectéchnd dRemove Afl buttons

can remove structures from the application.

Structures Overview = =
Activate All Invert Active Remowve Active Remove Al
E‘.’] 1cgw Q e = EOTET
~ SET#2 pr 0735 A di@ =
L fun of 001 1 AHh@® (=
LW fun o 002 1 Al @ =
S, tun o 007 1 “Hd@ (=
L fun o o0g 1 Aol =
L tun o 005 T A i@ (=
LN, of 006 1 AEh® (=
W fun of 007 1 “Adh@® =
-\ fun o 08 1 A0 =
LWt o 009 1 “AEHdh® (=
LW o 018 1 “Hldi@ (=

Figure3.1.1: StructureOverviewWindow example

Detalled Description of StructureverviewWindow
In the Structure®verviewWindow, the loaded structures and tunnels are displayed as a list of individual
rows. Each structure row contains the-character PDBD of the structure and set of icons for direct
manipulationof the structure The icons aréfrom left to righ?):
1 Zoom
Positions thestructure to the center of the visualization window.
1 Changing Visualization Style
Shows the changing style window vergngar to the window which can be activated the main
menuc¢ Visualization
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1 Colors
Switches tahe Colors window for changing coloring styles.
9 Structure Symmetries
If the protein has some defined symmetries in the PDB file, these can be turned on arsingff
this button.
i Lock Structure
Allows the useto lock the structure ira given position sdhat the user cannot rotate and move
with the structurewithin the scene.
i Show/Hide Structure
Showshidesthe structure in the visualization window.
1 Close Struaire
Removes the structure from the application.

When clicking on a structure withe right mouse button, the following menu appears:

Show b
Show Labels
Tunnel Computation ]

Hydrogen Computation  *

Align With...
Select ¥
Export ]
=] Properties...
E‘ Rename...
Remove ¥

Figure 31.2: Menu for each structure

1 Show
Enables to define which parts of the loaded PDB structure should béevisilthe visualization
window.
0 Amino Acids
o0 Hydrogens
0 Waters
o Ligands
1 Show Labels
Shows labels on all atoms in the scene.
1 Tunnel Computation
o Compute TunnelX
Opens the Tunnel Cqmatation window (see details isection 33).

0 Import Tunnelx
Allows the useto import already computed tunnels frothe harddrivein the .pdb
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format (stored previously using tunnel expaysee below)
o LYLRNI /@SN o hdziLddzia X
Allows the useto loadthe whole CAVER 3 output directory containing computed
tunnels and all statistics
Hydrogen Computation
o Compute Hydrogens
Launches computation of hydrogen atoms which are assigned tpven structure
and visualized.
o Configure Protonatiorof Titratable Residuex
Allows the useto changethe protonation oftitratable residueswhen mmputing
hydrogen atoms.
FfAIY 2A0KX
Opens theAlignment window (see details section 316).
Select
Qeates a selection containing alistances of the type belowresent in the PDB file of given
structure.
0 Amino Acids
Backbone
Waters
Ligands
Donors
0 Acceptors
Export
Allows the useto savethe current structure in the given format to an external file
0 Export to PDK

(0]
(0]
(0]
(0]

A

0 9ELER NI ¢NI2SO02NE (2 t5. X
o 9ELER NI (2 C!{¢! X

o 9ELER NI G2 h. WX

o 9ELERNIL G2 t[, X

o 9ELERNIL G2 {¢] X

t NBLISNI A SaX
Opens the Structure Properties wind@aee detailsn section 312).
Rename..
Allows the usetto rename the structurethe new name appears in the given structure
row).
Remove
0 Structureq removes the structure from the application.
0 Waters¢ allows the useto remove water molecules from thdrscture. Please note that
this functioncannot be undonke
0 Hydrogensg removes hydrogens fronthe given structure. Recommended usage: when
some hydrogens are already present in the PDB file of the structure, first remove them and
then launch Compute Hydregs.
o All Tunnels; removes all tunnelsf a given structure from the application.
o [ A 3 iRt Xput PDB file ad given structurealsocontains a ligand, it is recognized
the loading phase and storeskeparately This function opens the dialog wiod with all
ligands present in the structure anlkde user can select which ones should be removed.
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All tunnels computed in one pass of the CAVER algorithm are grouped into one tunnel set, marked as
F®X Each tunnel(tunnel cluster, to be more specifitas alsoits own record(see figure 3L.3) The

tunnel setis assigned to its structurand its name also contairtbe settings of two major computation
parametersg probe radiusand clustering thresholdMoreover, individual tunnelare also namedstarting

with tun_cl # - abbreviation fortunnel cluste). They are sorted; a smaller tunnel numbeindicatesits
greaterrelevance.

[<SET#2 pr0.7 235 “Al i@
N of 001 1 “Aldi®
W  fun o 02 1 AN #E (=)
W Nt o 007 1 “Aldi® =
LW pun o G071 Al di® (=
L\ fun el 008 1 Al i@ (=
“ N fun o 009 1 Al # [z
W\ tun of 019 1 “Ald® (=
L W\ pun o 020 1 “Ald@
LNt A 021 1 Al A@® (=

Figure 31.3: Example of tunnaletrecord

Each tunneset and tunnel recordontains the following functions controlled/ficons (from left to right):
1 Changing Visualization Style
Shows the changing style window whedhe user can changéhe visualization style ofhe tunnel
(same as in Toolbar &fisualizatiorin main menu).
1 Tunnel Color
Allows the useto changethe colorof given tunnel.
1 Show Tunnel Graph
Opens the Tunnel Graphindow (see sectio3.14).
1 Show/HideTunnel
Showshidesthe tunnel in the visualized scene.
1 Close Tunnel
Removes the tunnel from the application.

When clicking withihe right mouse button ora spedfic tunnel, the following menu appears:

Export "tun_cl_001_1"
[&7 Rename..

Remawve

3.1.4: Menu for each tunnekcord

1 9 E LIZ2uNJIE #

Allows the useto storeagiven tunnel in .pdlformat to the harddrive.
T wSyl YSX

Showshe dialog window for renaming given tunnel.
f Remove

Removes giventunnel from the application.
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3.2 Visualization Window

The wsualzation window displays all loaded structures (if they are exqtlicitlyhidden) and allowshe user
to control them viaa standard interfaceThe wser can rotate (leftmouse button click- mouse drag), scale
(right mouse buttonclick + mouse drag) or translate them (mouse whméton click + drag), see figure3

4 Visualization @ B @

.,\)’/

Figure 32: Visualization windowvith gray background col@and enabled fog

3.2.1 Manipulation with the Sene

The scenean be controlledisingtwo different approaches:
1 Global manipulationg users can manipulate (zoom, rotate, move) the whole scene (with aétba
structures at once). This can deneby using hree mouse buttons.
0 Left mouse buttor rotation with all stuctures (active and inactive) around the scena-ce
ter.
0 Right mouse buttoiq scalesthe whole scen@alongthe Z-axis.
o Middle mouse buttor translatesthe whole scene
9 Local manipulatiorg users caronly manipulate active structureghighlighted in the Strctures
Overviewwindow). Thismanipulationis activated by pressin€€ TR+ mouse buttons.

o CTRL + left mouse buttqmotation with active structures around their local centeefd

fined by the bounding box).
o0 CTRL + right mouse buttqrscalesthe ACTIVE®Ictures inthe Z-axis.
0 CTRL + middle mouse buttotranslatesthe ACTIVE structures.
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3.3 Tunnel Computation Window

The Tunnel Computation window controls the cantgtion of tunnels (see figue 3.3.1) ¢ setting the
binding site position, importantgrameters etc. This panel is activated by selectitng desired structure in
the StructureOverviewwindow. The panel has two modegsthe basic and the advanced one. The advanced
mode can be activated using the checkbox on the top of the panel.

In the first section, the user specifiébe starting pointg the initial position of binding (or active) sit&he
application first searches the active site in the Catalytic Site Adlaording to the structure PDB ID code
When the search failer if the user e@cidesto select other starting pointthe active sitecan be set
manually (by determininthe surroundingatoms and/orresiduesor X, Y, Z coordinates). Thtarting point
can besubsequentlyvisualized in the display window using tt®howStarting Paitd button. After that
the user chooses the desired number of tunnelgthey want to compute and items included into
computation (waters are excludesle@ RSFlF dzf Go FyR Of AO1a &/ 2YLlzi S

Tunnel Computation (1cgw) =
Advanced

Starting Point

Binding sites: | Site #1 (CSA)

El

(®) Surroundings:

Rasidue: | 1oqw: A-118 HIS
Residue: |lcgw: A-117 ASP

Rasidue: | 1oqw: A-52 ASN

Restore | | Add... || From Selection... || To Selection
() Absolute position:

20,647 3| ¥:

Starting Point Optimization
Maximum distance (A): 34| Desired radius (8): 5t

Settings

Dynamic tunnel computation:
From frame: 1 To frame: s
1

Sparsity: B

Approximation: 12 £
Min, probe radius: 0.9 Clustering threshold: 3.558
Shell depth: 45 Shell radius: s

Residues included:
[[] petailed list [] Exclude active selections

[JHoH "
AA
[J1oD

Output directory: | C:\Users\Bobina'caver\caver3 ‘

Compute Tunnels Import Tunnels = - m

Figure3.3.1: The advanced mode of theunnelComputation windw
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Properdescriptiors of each function of the Tunnel Computation windave as follows:

9 Starting point definition

This sectiorallows the useto setthe position of thebindingsite.

o Known binding sites

Shows the list of active sites fargiven stricture. This list isoadedfrom the Caa-
Iytic Site Atlas (CSA) database. If no recorda fiven structure are present in CSA,
this section emains empty.

0 Surrounding items (atoms or residues)
Displays the list oditoms oramino acids surrounding the ae¢ site. Users canan

nipulate this list by adding and removiagpms and/orresidues TheoRestore

ltemsE button resets the list to initial valuggoaded from CSA or emptyljhedAdd

Itemée button opens the dialog windoor setting parameters ad new atom
and/or residueincluded intothe active site defiftion (see figure 3.2).

First,the usercan select a structure for whichey want to define the binding site.
If this structure contains more chairthiey can also choosthe one containing the
desired atom/residue. Thetthey can select atoms or residues for binding siteidef

nition. In both casethe user musknow the ID othe atom or resdue.

The usercanadd more atoms or residues amne timeby dividing them by comma
(e.g., 123,247,256).
Thenthe usemmust check i given IDis present inthe given structure and dcin by

pressingthed = I £ A Rl (1 S¢

oms/residues along with their name abbreviation.

o0 From SelectioX

# New Binding Site Definition Item(s) [

Add new item(s) to the binding site definition (use comma to divide multiple):

Structure: | 1aon -
Chain: D -
@ Residue(s):

ID: (272,369

Atom(s):

ID:

Resulting item(s):

oK Cancel

Figure 3.2 Definition ofabinding &te

The binding site can be also defined by a seledfsa® figure 3.3). The usercan
choose from a list of created selections (presenSinucture Selections window)
and specify if the starting point should be defined by atoms odues ofthe given
selection. Finallythe userassigs the starting point to one othe loaded stru-

tures.
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20 Create starting point from selection tﬁj

Source selection: Belectionl ..t T

Assign starting point to structure: | 1bt3 -

Figure 3.3 Creatingthe starting point from selection

o0 To Selection
This option dds the list of surrounding items imthe selection. Ifa selection is e-
tive, it adds the items to this selection. Otherwise it crea@&®w sel&tion.

0 Absolute position
Users can set the absolute X, Y, Z coordinates of the active site.

0 Show Starting Point
Button activating visualizationf @ cross representing the active site.

0 Copytol y2 i KSNI { G NHzO( dzNB X
A gven binding site can be reused for another struct(see figure 3.3.3)lhiscan
perform the structure alignment and stores tearting pointfor selected stra-
tures as absolute posin.

L X

Convert starting point for structure: |1

Align structure: []

QK Cancel

Figure 3.3.Lonversion of atarting point

1 Sarting Point Optimization(available only in the advanced mode)
o al EAYdzy RMaiGlyOosS o)
Foecifies themaxinum distance of the calculation starting point from the initsarting
point (for more details see CAVER.3.0ser guide)
o0 55aANBR)NIRAdDzA 0)
The closest Voronoi vertex to the initial starting point, which is located wébjpecified
distance from the initial starting point and at leastlesired_radiugar fromthe balls rep-
resenting the input structureyhichwill be used as the starting point for the calculation of
tunnels(for more details see CAVER.3.0ser guide)
1 Settings
o0 Dynamic tunnel computatior{available only in the advanced mode)
Allows the useto setthe rangeand sparsityof snapshots for which finels should
be computed Activeonly for dynamic structures.
A From frame, To framgavailable only in the advanced mode)
The rumber of frames defining the first and last frame for tunnel congput
tion (for more details see CAVER .2.0ser guide)
A Sparsity(available only in the advanced mode)
Defineswhichsnapshots tunnels will be computéor. For examplea
sparsity valuef 5 means that tunnels will be computed in each fifth gha
shot from the trajectoy (for more details see CAVER.3.0ser guide)
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Approximation
Specifies the number of balls which will be used to approximate individual atoms in
the input structure(for more details see CAVER.2.0ser guide)A higher number
means more precise regslbut alsogreatermemory consumption.
Min. probe radius
Defines the desired minimal radius of computed tunr{@&s more details see GA
ER 3.@ user guide)
Clustering threshold
Specifies the level of detail at which the tree hierarchy of tunnel ctastall be
cut, and thus influences the size of resulting clus@smore details see CAVER
3.0.2 user guide)
Shell depth
Specifies thenaximumdepth of a surface region, i.e., a part of the input structure
located below the bulk solvent regidqfor more details see CAVER 2.Qser
guide)
Shell radius
Specifies the radius of the shell probe whighsed to define which parts of the
Voronoi diagram represent the bulk solvefiir more details see CAVER.2.0ser
guide)
Residues included
In this setion the usercan findall structures which are present agiven stricture
(amino acids, ligands, waterstc). The wser can select which of these structures
should be involved iatunnel calculation.
This section includes two checkboxes:
9 Detailed list
Displays the list of all amino acids present in the structure (along with their
ID).
1 Exclude active selections
Excludes selections which are highlighted as active ilsthectureSele-
tions window.

o Output directory

Allows the useto select the destinatin folder forthe results of tunnel compta-
tion.

1 Compute Tunnels

1

Button for launching the tunnel computation.

Import Tunnels

Enables to load the tunnels computed by the standalone CAVER tool.

i Set of icons for:

0 Save computation settings to an externag fil
0 Load computation settings from an external file
0 Get computation settings from previously computed results
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3.4 Tunnel AdvancedsettingsWindow

This windowallows the useto edit all parameters which influence the results of tunnel conagoh (see
figure 3.4) Changngor addng arbitrary parametesis further described irthe CAVER 3.Buser guide.

: Tunnel Advanced Settings =2

Save :add_cenh'al_sphere -

# CALCULATION SETUP

load_tunnels no
load_duster_tree no
stop_after never

m

# INPUT DATA
time_sparsity 1
first_frame 1
last_frame 1

# TUNMEL CALCULATION

#

probe_radius 0.7
shell_radius 3
shell_depth 4

# TUNNEL CLUSTERING

cdustering average_link
weighting_coeffident 1
dustering_threshold 3.5

exdude_start_zone 2
exdude_end_zone 0
min_middle_zone 5

SEVE_ZONES YEs il

Figure 3.4Tunnel advancedettings panel

After changingaLJr N} YSGSNE GKS a{ I} @S¢ dheafeiadt gettingdtheSisticad f S R ®
dza S G KS & w SkoraBeNds drientatitzil id tReypdrameterghe usercan jump to a section
contaningthe desired parameter using the combo box at the top right corner of the panel.

3.5 Tunnel StatisticsVindow

TheTunnel Statistics windoallows the useto displaystatisticalinformation about compted tunnelsat
different levels of detail.

The frst table displays a summarfpr computed tunnel clusters (see figure 3.5.1).

locgw SET#4 & |
Statistics
Summary (Clusters) | | Cluster | | Detail (Tunnel) | [T Hide inactive tunnels Synchronize with visualization res i visble columns: |Select... A4 Show all Invert visibility
-
in) Mo Mo_snaps Avg BR[A] 5D Max BR[A] Avg L[A] SD Avg C SD Priority Awvg_throughput SD
twn_d 0011 1 10.72 0.000/0.71 17.65 0.000/1.175  [0.000[0.432  [0.432 l0.000
twn_d_002_1] 1 10.72 0.000(0.71 18.98 0.000(1.747  [0.000[0.327  [0.327 0,000/
tun_d_003_1 1 1)0.72 0.000/0.71 2148 0.000(1.338 0.000/0.130 0.190 0,000
tun_dl_004_1 1 1)0.72 0.000/0.71 22.58 0.000(1.574 0.0000.186 0.186 0.000
tun_d_005_1 1 1j0.72 0.000/0.71 21.86 0.000(2.179 0.000/0.185 0.185 0000,
tun_d_006_1 1 1/0.72 0.000/0.71 32.35 0.000(1.740 0.000|0.095 0.095 0000
tun_d_007_1 1 1)0.72 0.000/0.71 32.28 0.000{1.805 0.000/0.093 0.093 0,000

Figure 3.5.1 Table summarizing tunnel cluster statistics
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The wsercan open more tunnel cluster statistics at orared (i K Ske Qiplayed as individual tatiSach tab
is named according tthe related tunnel set, tunnel cluster or individual tunnEkch tab contains a set of
buttons and other controls for manyation within the table.

T
1

1

Save
Allows the useto save the table in the .csv format tadasired bcationon the hard drive.
Summary (Clusters)
This buttonallowsfor navigation in the tableNhenthe userswitchesto detailed tables
containing individual cisters(second level of detaifr tunnels(third level of detail(see
below), this button returns to this table summarizing information aboustels.
Cluster
This button has similar function as the Summary (Clusters) button. It retuhesuser
from the third level of detaik information about individual tunnels to the second level
containing cluster information.
Detail (Tunnel)
Informative button, always disabled. It inforrtiee useraboutthe level of detail in the &t-
tistics panel.
Hide inactivetunnels
When this checkbox is checked, the Visualization window shows only active turstedsclu
(activated by clicking into the table on a corresponding row or activating them in the-Stru
tures Overviewwindow ¢ seesection 3.1).
Synchronize with visuigation
Active only for molecular dynamics. When the dynamics is animated (animation can be
launched using the Structure Dynamics windpgeesection3.11), it enables to animate
also the statistics table.
Residues in current snapshot only
In moleculadynamicsit displays only residues relevant to tunnels only in given snapshot.
Visible columns
Shows the list of all available columns alldws the useto show/hide them using their
checkbox.
Show all
Displays all available columns, including the biddnes.
Invert Visibility
Inverts the visibility of columns (the visible ones will be invisible and vice versa).

Individual columns have the following meaning:

T
T
1

=a =4

=A =4 =4 =N

ID ¢ identificaion of a given tunnel cluster; ranksgiven clustebased on their gority.

No ¢ total number of tunnels belonging to a given cluster.

No_snaps; number of snapshots with at least one tunnel with a radiuparameter
min_probe_radius

Avg_BR» ) ¢&verage bottleneck radius

SD¢ standard deviationpresent more times in the tab) always corresponds to preceding-co
umn).

Max_BRbv ) ¢@naximum bottleneck radius.

Avg_lw ) ¢@verage tunnel length.

Avg_Cg average tunnel curvature.

Priority ¢ tunnel priority calculated by averaging tunnel throughputs over all snapshots (zkm® va
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used for snapshots without tunns).
1 Avg_throughputc average tunnel throughput

Bydoubleclickingon adesired tunnel cluster (corresponding row in the talitey usercan open the
details abouthe given cluster (see figure 3.5.2).

1cqw SET#4: tun_d_007_1 5

Statistics
Summary (Clusters) Detail (Tunnel) | [T] Hlde Synchronize with visualization residues in current snapshot only  Visible columns: |Select... - Show all Invert visibility

Snapshot  Tunmel duster | Tunmel  Throughput  Cost  Botteneckradius [8]  Length [R]  Curvature
lcqw.pdb|  tun_d_007_1| 7.0s3 |2.371 |o.71 |52.3 |L.80

Figure 3.82 Tabk containing information about individual cluster

¢CKAA GFofS OGAGI(Sa (K SummarfabnitinlbcNdtersihedadeicanyprdss ¢ 2 NI G d.
G{dzYYF NBE o6/ fdAGSNEOE odzid2yd C¢KAA G(LofsS O2yilAya

9 Snapshot; name of the iput structure, in which the cluster was identified.

1 Tunnel clusterg the ID ofthe tunnel cluster to which a given tunnel belongs (corresponds to the
Tunnel cluster ID in the summary.ixt

1 Tunnelg ID of a given tunnel in a given snapshot.

1 Throughputc the throughput of a given tunnel (throughpute==).

9 Costc the cost of a given tunnalefined as the balance betweéhe width and length of the to-
nel.

T . 2004t Sy S OttheNadiRsiobittie battler@ck, i.e. the narrowest part, of a given tunnel.

1 LSy 3 { Kthaddngth of a given tunnel.

1 Curvatureq the curvature of a given tunnethich is calculated dength/ distance wherelengthis

the length of the tunnel (distance from the calculation starting point to the tunnel ending point
calculated alonghe tunnel axis) andistanceis the shortest possible distance between the caleul
tion starting point and the tunnel ending point.

Bydoubleclickingon desired tunnel (corresponding row in the tabile¢ usercan open the details about
giventunnel (see figure 3.53).

1cqw SET#1: tun_d_001_1, 1cquw.pdb, 1 % |

Statistics
Summary {Clusters) Detail (Tunnel) | [7] Hide inactive tunnels Synchronize with visualization residues in current snapshot only  Visible columns: |Select... - Shaw all Invert visibility

Length [A] NS2 HI16 D117 WI118 5120 M140 EI141 F142 1143 RI144 W52 P153 F155 A156 RIS7 T159 F160 F163 AL78 F178 G182 V183 L184 K186 C187 P217 220 V256

==

Figure 3.33 Tablecontaining information about individual tunnel
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This tableprovidesdetailed information about an individual tunnel. It displays tunnel lining residues along
with their exact position in the tunnel. If a given idse influences the width of the tunnel aposition

given by the Distance parameter (counted from the binding site position to the outer surface), it is marked
by agreen square.

Moreover, if the tunnel analysis was performed with tt@mpute_bottleneckresidueparameter set to

yes this table also shows the bottleneck residwesich linethe narrowest part of the tunnel. These

residues are marked with a blue square.

A yellow square represents the selected residue (it is also add#uketactive selectin). It can be selected

using the left mouse button. Users can also utilize the combination with Shift and Ctrl having the standard
meaning. Selection can be deselected using the Ctrl+D.

If the bottleneck residues were not calculatéde usercanstart their calculation in the Structure window.

By clicking witlihe right mouse button oraded A NE R (dzyy St aSiG | y RneCk&the a A y 3
usercanalsocompute the bottleneck residues. Reopening the statistics table with details about clusters
(choosingd { G I G A & G AdO aA yh (CKIB/ yaSMiaBottlanecksR displays biue sgres represe-

ting bottleneck residues.

The rows of the table represent one sphere contained in the tunnel representation. It starts from the
binding site and ends at the protein surface. The green squares in eadiguoifytheir presence around
the splere.

Thecolumnsof the table have the following meaning
1 Lengthw ) ¢@he Euclidean distance between the first sphere of the tunnel and the current sphere
(in given table row).
1 Individual tunnel lining residueg aset of columnseach column representsne residue which
was presentt least oncet the tunnel neighborhoodeach column is named acdorg to theone-
letter amino acid abbreviation and® PDB ID (e,gA156).
X, Y, £, coordinates othe corresponding sphere ceait
Distancew ) ¢@epresants the distance of the current sphere from the first sphere of the tunnel,
cdculated along the tunnel centerline. It depends on thanel_sampling_steparameter.
 wl RA dgdadigs)of@he corresponding sphere.

= =4

Residuestable

Thistable providesdetailed information about the tunnel lining residuesasgiven tunnel se{see figure
3.5.4)
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: Tunnel Statistics

sg SET#2: tun_d_D02_1 % | lcqw SET#4residues 5

E [] Side chain only ~ Minimum residue occurence

0%

Visible columns: |Select...

- Show all Invert visibility

=
Cluster

I15 Gl& F19 P20 F21 D22 P23 H24 Y20 V26 E27 V28 L29 E31 M33 H34 Y35 W36 D37 v38 P40 R4l D42 G43 T44 P45 V4 L4947 F48 L49 HSD

-
L

H

S -

—

e e e A I A B
Figure 3.54 Tablecontaining information abouteasidues lining given tunnel set

Each row of the table represents one tunnel cluster.

Eachcolumnof the table represents an amino acid which was marked as a tunnel lining residiegst
oncethroughout the whole tunnel set.

The green squares mark those residues whiica the corresponding tunnel clustemhe yellow squares
determine the selected residues.

The table contains the following controls:

1 Save
Allows the useto save the table in the .csv format to a desitedationon the hard drive.

1 Side chain only
Shows residues wheia least one side chain atom of a given residueslangiven tunnel.
For this purpose, all atoms except those named H, N, C, (r&# are considered as side
chain atoms.

9 Minimum residue occurence
This parameter is enabled onishenanalyzing trajectories of molecular dynamikissign-
fies the percentage dad given residuevhich lines @unnel during the whole dyraics For
examplewhen this number is set to 6Q%e userobtainsa set of residues which formed
the tunnel in at least 6% of the snapshots of the trajectory (so theddésequent ones are
filtered out).

9 Visiblecolumns
Shows the list of all available columns atidws the useto show/hide them using their
checkbox.

1 Show all
Displays all available columns, including hidden ones.

1 Invert Visibility

Inverts the visibility of columns (the visible ones will badilble and vice versa).

Bottlenecks table

Thistable contains detailed information about the bottlenecksagfiven tunnel se{see figure 3.5.5)
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lcqw SET#1: tun_d_001_1, teqw.pdb, 1 % | icqw SET#1residues 2 | lcaw SET#1bottlenecks &

Minimum bottlenedk occurence | 0% Visible columns: | Select... - Show all H Invert visibility
Snapghot Cluster F21 |P53 |I63 |Po4 | D117 |I143 | 1180 F204 | L2498 | L2499 | F250 | L257
1cqw.pdb tun_cl_001_1

1cqw.pdb tun_cl_002_1

1cqw.pdb tun_cl_003_1

lcgw.pdb tun_d_004_1

lcgw.pdb tun_d_005_1

lcgw.pdb tun_d_006_1

1cgw.pdb tun_d_007_1

1cgw.pdb tun_d_008_1

1cgw.pdb tun_dl_009_1

1cgw.pdb tun_d_010_1]

1cgw.pdb tun_d_011_1

1cqw.pdb tun_d_012_1

1cqw.pdb tun_d_013_1

teqw.pdd | tun_d_o14_ 1[I

1cqw.pdb tun_cl_015_1

1cqw.pdb tun_d_016_1

1cqw.pdb tun_d_017_1

Figure 3.5% Tablecontaining information about bottlenecks of given tunnel set

The controls of thedble are similato the Residues table but some have slightly different mings.

1 Save
Allows the useto save the table in the .csv format tadasired bcationon the hard drive.
1 Minimum bottleneck occurence
Takes into account all tunnelsd@given clster and their bottleneck residues. Thismioer
signifies the frequency of occurrence of these residues in the clUsberexample, &alue
of 30%means thata given row remains when all three bottleneck residues have the
occurrence in the correspondingrinel clusterof at least 30%6.
9 Visible columns
Shows the list of all available columns alldws the useto show/hide them using their
associateccheckboes
1 Show all
Displays all available columns, including hidden ones.
1 Invert Visibility

Inverts thevisibility of columns (the visible ones will be invisible and vice versa).

Each rowof the tablecontains information about one tunnel and its bottleneck. The columns have the
following meaning:
1 Snapshot; name of the input structure.
9 Clusterc ID of a tinnel cluster to which a given tunnel belongs (corresponds to the Tunnel cluster
ID in the summary.txt).
1 Individual bottleneck lining residues residues located within the specified distance from thé-bo
tleneck of a given tunnel. They are ordered frome tosest to the most distant ones.
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3.6 Cavity Computation Window

The Cavity Computation windofgee figure 3.6.13ontrols the computation of pockets and cavities and the
visualization of their solvertxcluded surface (SES). When changing paramdtee surface is updated in

real time. Individual cavities and pockets are distinguished from each other by random colors attached to
them.

Cavity Computation (logw) x= =
Compute Pockets Large probe: 3.0005

Probe: 14015 I

Outer surface: [[] Advanced coloring

Residues induded: Frame:
AA “
[JHoH

v

=

Figure 36.1 Cavity Computation window

Pockets can be defined with respect to the radii of a pair of sphegioskes (a big probe and a small probe)

as the regions of empty space, into which the small probe can get from the outside but the large probe

cannot and where the small probe cannot collide with the large probe. Cavities are regions of empty space,
which @n be occupied by the small probe but from which the probe cannot escape to the outside. A very

similar definition of pockets was introduced by Kwabata and Go in their article from 2007 [1].

The window contains the following parts and options:

1 ComputdReset
This action performs the initial computation or resets already computed cavities and pockets.
When the computation is finished, the resulting cavities appear in the visualization window and
their details in the Cavities Overview window. The computaticay take a while for larger steu
tures. Ongoing aoputations can be canceled in the progress bar.

1 Pockets
This option enables or disables the computation of pockets and it can only be changed prior to the
computation or after resetting the result of thadt computation. Its default value can be changed
in application s#ings.
Warning The computation of pockets is more intensive and more sensitive to numerical errors
than the computation of cavities. The computation can be restarted several times vglithslpe-
turbed coordinates if numecal errors are detected.

1 Large probe
The radius of the large probe for the computation of pockets. Its default value can be changed in
application settings. Increasing this value will have a negative effect on perioema

1 Probe
The radius of the probe for the computation of cavities and pockets. If the computation of pockets
was disabled, it is the radius the single probe for the detection of cavities. If the computation of
pockets was enabled, it is the radius of tbecond (small) probe. When cae#dpockets are &
ready computed, this radius can be changed interactively.

1 Outer surface
Enables or disables the visualization of the outer surface and allows to change its color. It is the su
face, which can be reached Hye probe from the outside. This option is available only if then€o
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putation of pockets is disabled.

9 Advanced coloring
By default, different cavities and pockets are distinguished by random colors. This option enables or
disables advanced coloring schenaggording to the strategy chosen in the Coloring window: Co
ors are interpolated over the whole surface from colors on the atoms.

1 Residues included
This list contains residue types that are present in the current molecular structure (@id®,
solvent nolecules, ligands and nestandard residues). Residue types selected in this list with-be i
cluded in the comptation of cavities and pockets. The list of included residues can only be changed
prior to the computation or after resetting the result of thest computation. The height of this GUI
component can be changed manually.

1 Frame
This button is for dynamic molecular structures only. It displays the frame number in which cavities
or pockets were computed and allows to move the dynamics to the frame.

lllustrative examples of cavities, pockets and the outerface are depicted in Figures 3.@GAd
3.6.3
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Figure 3.2 Left: All cavities detected for the probe radius 1.4 A. Right: All pockets detected for the
large probe radius 3 and the small probe.2t A. PDB: 1CQW.

Figure 36.3 Pockets detected for the large probe radiuy and various radii of the small probe. Left: Small probe
radius 1) . Right: 0.6 . PDB: 1CQW.

[1] Kawabata, T. and Go, N. (2007), Detection of pockets on protein surfacgsomll and large probe
spheres to find putative ligand binding sites. Proteins, 68£528. doi:10.1002/prot.21283.
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3.7

Cavities Overview Window

This window(see figure 3.7 )JLdisplays detailed information about computed cavities and pockets, and
allows to select, hidgand perform also other actions. The table with cavities and pockets can be sorted by
clicking on a column header.

Structures Overview | Structure Selections | Cawities Overvie... X =

Hide All | Show All || Invert Selection

ID | Color| Visible | Volume | #5amples | Min. Probe | Max. Probe | Pocket
o/ @ 262.0 100 N/A 260 [v]
1| @ 345.7 100 N/A 233 [v]
2| @ 127.9 112 N/A 215 [v]
S| @ 65.5 222 /A 1.97] [v]
4 @ 64.6 196 0.96 196 []

5 7 13.0 185 1.00 1.86 [
6| I r4 62.0 333 Create Starting Point
7 @ 65.4 192 | Hide
] @ 91.9 181 | chow
E @ 55.4 294 B
10 @ 619 263 SMave
11 @ 38.1 176 Select Atoms
12 @ 43.2 434 Select Residues
Ll @ 30.0 555 Color by Max. Probe
_14 | g 34.7 400 Color by Volume I
15 I 35.2 400 -
16l ] @ 285 587 Increasel\folume Precllsml

Figure 37.1 Cavities Overview windoand the context popip menu

The window contains the following parts and options:

T

Hide All

This action hides all cavities and pocketsrently listed in the table Hidden cavities will still
appear in the table and can be selectively made visible by switching the eye icon in the visibility
column. If the probe radius is manipulatedtire Cavity Computation window, hidden cavities and
pockets will still be hidden, but new cavities or pockets can be detected and they will be visible by
default.

Show All

This action makes visible all cavities and pockteshave ever been hiddeneventhose that have

been hidden in the past for a different choice of the probe radius. If the probe radius parameter is
manipulated in the Cavity Computation window and the cavity will be detected again, it will be
visible.

Invert Selection
Inverts the seleebn of cavities and pockets currently listed in the table. Selected items will be
deselected and deselected items will be selected.

ID

Zercbased indices of detected items (cavities and pockets).

Color

The color assigned to each item. It cannot be changeadcustom color.
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1 Visible
The icon indicates whether the item is visible (eye icon) or invisible (crossed eye). A mouse click on
the icon will switch the visibility.

1 Volume
A veryrough estimationof the volume, in cubi¢ . The volume of each item (c&vior pocket) is
computed by random sampling the bounding box of filling balls. Multiplying a rosighage of the
hit probability by the bounding box volume gives an estimation of the real voliditme number of
samples has to be increased manually to gebetter estimation.

1 #Samples
This is the number of samples used for the volume estimation. The initial number of samples is
usually very low, hence the first estimationngprecise. To get a better estimation, double click on
the number of samples andnter a custom value or select the item, open a pgpmenu and
OK22a4S AGLYONBI &S @2ftdzyS LINBOAAAZ2YifieE. s KAOK gAff

91 Min. Probe
The limiting probe radius, for which the cavity will open up and disappear. Its surface aithbe
accessible from the outside and merge with the outer surface. The value is rounded to two decimal
places, so the precision is plus/minus 0)0TThis value is meaningful only for cavities. Pockets have
N/A in this field, which means that the valuedisb 2 G ! @F At I 0t S¢ O0GKS avYl ff
used to detect a pocket can always escape from the pocket).

1 Max. Probe
The radius of the largest possible sphere, which fits inside the cavity / pocket. The value is rounded
to two decimal places, so the prigon is plus/minus 0.01.

1 Pocket
This column indicates which items represent pockets and which represent cavities.

When clicking with the right mouse button on a row in the table, the following context menu appears:

Create Starting Point
Hide

Show

Remove

Select Atoms

Select Residues
Celor by Max. Probe
Celor by Volume

Increase Volume Precision

Figure 37.2 Context menu

The catext menu offers the following functionality:
1 Create Starting Point
This action creates new starting points for the computation of tunnels. The starting point will be
generated in the center of the maximal sphere that fits in the cavity/pocket.
1 Hide
Thisaction hides all selected items. The items will still be listed in the table, only their visibility will
be turned off.
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1 Show
This action shows all selected items.

 Remove
This action removes all selected items. The removed items will no longer be avail#éetable
until the next recomputation of cavities/pockets.

i Select Atoms
This action selects the atoms that touch the surface of the cavity/pocket, but only those which have
been used for the computation. Selected items can be manipulated in thet@teuselections wi-
dow.

i Select Residues
This action selects the residues of the atoms that touch the surface of the cavity/pocket, but only
those which have been used for the computation. Selected items can be manipulated in tbe Stru
ture Selections widow.

1 Color by Max. Probe
This action changes the coloring of caviie® 02 NRA Y 3 (2 vdubsh THis i5 a $intpld t NP ¢
way of highlighting large cavities/plets.

1 Color by Volume
This action changes the coloring of cavities according to their volstimation. This is another
way of highlighting large cavities/pockets.

9 Increase Volume Precision
This action increases the precision of the estimated volume of selected cavities/pockets by using
next 5000 samples per each cavity/pocket. The number of ssiplin the column #Samples and it
can also benicreased manually by doubldicking the field and entering a custom value.

Advanced settings of cavities can be found in the Application Settingg fplglication Settingg Cavities).
There are the fbowing options related to rendering the surface of cavities:
1 Pixel Artifacts Correction
This option enables or disables a ppsbcessing step in rendering that reduces minor pixei art
facts caused by the analytic computation ofvemt-excluded surfacer GPU. Disabling this option
may improve perfonance but some pixels can be rendered incorrectly.
1 Face Culling
This option enables or disables bdeke culling. Enabling this option may improve performance.
1 Rendering Strategies
This section allows to chee a rendering strategy for elements of the solvent excludethsa.
o0 Point Sprites
This technique should be the fastest one but problematic on some graphic cards.
0 Rectangles
This technique can be used instead of Point Sprites.
0 Bounding Boxes
The slowest ne but most robust technique.

The category Default Values contains several options, which will be used by default in the Cavitias Comp

tation window for newly opened molecular structures. These options decide whether to allow theueomp
tation of pockets, lhe default radii of the large and small probes, etc.
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3.8 Locked Probes Window

When cavities are computed, it is also possible to show locked probes. This may help to indicate the
positions of active sites in enzymatic proteins. Locked probes are lgrgssible empty spheres touching
atoms of the molecular stature (see Figure 8.1). Such probes are held by the atomic balls they touch.
They cannot be moved and cannot be expanded without hitting some atomic ball.

Figure 38.1 Locked probesspheresand centers

The parameters for the locked probes can be set in the Locked Probes window (seeSRi@rend their
visualization can be enabled by activating the corresponding button in the toolbar.

Locked Probes (Legw) X =
Visualization

sovres 5]

Probe Radius Filter

Min 1 EOE Max 3.00 = Min

Probe Accessibility Filter
Accessible []Inaccessible|

Figure 38.2 Locked Probes window

The window contis the following parts and options:

9 Visualization
Switches the visualization of locked prolgesither spheres or centers of the spheres.

9 Probe Radius Filter
This filter limits the locked probes to spheres having the radii in the interval given byljisiats¢
the minimum and the maximum. The button with the Min label and a lock icon activates or dea
tivates the synchronization of the minimum of the interval and the probe radius in the Cavities
Computation widow.

1 Probe Accessibility Filter
This filterlimits the locked probes to accessible or inaccessible with respect to the probe radius in
the Cavity Computation window. The spheres of inaccessible locked probes are trapped in cavities.
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3.9 Structure Sequenc&Vindow

Thiswindow shows the primarytaicture of all loaded moleculgsee figure3.9). Each row consists of the
following sections:
1 Structure name
9 List of oneletter abbreviations of residues
Clicking theight button mouse on a residue shows the list of all atoma gif’en regdue.
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Figure 3.9: Structure Sequence Window
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3.10 StructureSelections Window

The lections windowallows the useto createa selection of atoms, residues and chaif$is selection
can be performed within one molecule or can cover parts of more structdiesSelections window has
the following functions:

T bSéX
Allows the useto createanew selection witha userspecified name.
T None
Disables the selection.
1 Atoms
Allows the user teelect individual atoms.
1 Residues
Allows the user tselect whole residues.
1 Chains

Allows the user teelect whole polypeptidic chains.
1 SS
Allows the user to select whole secondary structures.

Each selectiohasits own record The recordcontains:
1 Selection name
Displays the name @fgiven selection.
 Zoom
Zooms and centers thgiven selection in the visualization window.
1 Changing visualization style
Allows the useto changethe visualization style o& given selection. Supported styles are:
Dots,Sticks, Balls & Sticks, Van der Waals Radiface
1 Color €lection
Allows theuserto changethe color ofagiven selection in the scene.
1 Show/Hideselection
Shows or hidea givenselection in the scene.
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1 Lock selection
Allows the useto lock the selection i given position s¢he user cannot rotate and move
the selection in thescene.

1 Close
Removes selection.
Structure Selections = =]
New... | MNone Atoms Residues Chains 55
[#] Selection1 QAU@a =
[#] Selection2 QAQ@al=

Figure3.10.1: StructureSelections Window

When clicking withthe right mouse button on a selection, the following menu appears:

Show Residue Labels
Invert

Clear

Convert To Starting Point...
[ Rensme..

Remove Atoms From Structure

Remove Selection
What's Selected?

Structure From Selection

Figure 310.2: Menu for each selection

It has the following functions:
1 Showresidue labels
Showdabeling of residues iaselection.
1 Invert
Changes the selection to includé atoms in the scene which were not seeat.
91 Clear
Deselect all structures afselection.
T /2y@SNI ¢2 {dFNIAYy3a t2AyidX
hLlSya GKS alFYS RAINERSt SQYR2WX & 40 deKiB2 vir CNy Y K
tion window (see section 3.3).
T wSyl YSX
Opens the dialog window for renamigselection.
 RemoveAtoms From Structure
Deletes theselected atoms from the structure
 Remove Selection
Removes the given selection.
T wh- G6§Qa aSt SOGSRK
Shows the list of atoms/residues/chains present in the selection.
1 Structure From Selection
Creates a standalone structure from the given selection. The new structure will appear in
the list of structures in the Structure Overview panel.
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3.11 Structure Dynamics Window

This window controls the playback of molecular dynar(seg figure3.11). It is active only when dyngics
areloaded and active.

 Structure Dynamics (md)

Current frame: 115 /10  Animaniton step: 15 frames 515 fps V] Repeatanimation loop (] Smeoth animation

From frame: 11+ /10 [} To frame: 104|710

Figure 311: Structure Dynamics Window

TheStructure Dynamics window contains the followiegtures:

M Current frame
Shows the number of currently displayed snapsithtring the animation.

1 Animation step (in frames)
Defines which snapshots will be included in animation.(agglueof 2 means thakevery
second frame will be included).

1 Animationspeed (in frames per second)
Controls the animation speed.

1 Repeat animation loop
Defineswhetherthe entire animation will be plagd back in a loop.

1 Smooth animation
Enables the interpolation between frames.

1 From frame, To frame
Defines the starting andnding snapshot of the animation.

1 Animation control buttons
Standard buttons for controlling the playback of the animation (stgrt, stop, pause, fast
forward, etc.)

3.12 Structure Properties Window

This window shows more information about activeusture (see figure3.12). It containghe PDB ID of the
structure, its classification and inner structucghe number of chains, all residues, amino acid residues,
water mokcules, ligands, atoms, hetero atoms and atoms with alternate locatidmrenumber of loaded
frames of the structure ialso shown
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: Structure Properties =
Property Value

Code 10GS

Classification COMPLEX (TRAMSFERASE/INHIBITOR)
Source file name 10gs.pdb

Chains 4

Residues 592

Amino add residues 413

Water residues 169

Other residues (igands) 5

Atoms 3521

Hetero atoms 241

Atoms with alternate loacation 0

Frames (snapshots) 1

Figure3.12: Structure Properties Window

3.13 Structure Statistics Window

This window show detailed information about the constitution of given structure (see figude &1
contains the list oforesent atoms, their count in the structure and their radii. Moreover, the list of present
residues and their count esented

 Structure Statistics (1cqw) =
Atoms
Name Symbol Count vdw CovalentR
Carbon C 1532 17 0.68
Nitrogen N 395, 155 0.68
Oxygen ) 313 152 0.58
Sulfur s 9 18 102
Iodine 1 2 1,98 14
Residues
Name Identifier Shortcut Count
Glutamic Acid Eu E 23
Methionine MET M 5
Tyrosine R v 8
Glutamine N Q 4
Proline PRO P 30
Aspartic Add Asp D 19
Alanine ALA A 21
Lysine Lvs K 8
Serine SER 5 5
Threonine THR. T 5
Tsoleudine IE T 20
Histidine HIS H 11
Valine VAL v 2
Water HOH HoH 394
Glydine LY G 23
Phenylalanine  PHE F 15,
Arginine ARG R 17
Cysteine crs i 4
Leucine LEU L 3
Tryptophan TRP [w 3
Asparagine ASM 1] ]

Figure3.13: StructureStatisticsWindow

3.14 Tunnel Graph Window

This windowprovidessettings, visualization, manigtion and animation of graph statistics of computed
tunnels.Basicallythere are two types of graphshosefor static snapshots antthosefor molecular
dynamics profiles andheat plots).
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3.14.1 Static case

oli Tumnel Graph 32| ==

Tunnel Profiies. -\ Save PNG H Export CSV

Settings:
Domain axis: length -

Range axis: | radius -

Graph /
Show marks A
\
Smooth curve

Tunnels

= length - radius (1) /
tun_d_003_1 /

“+ tun.d 011 1 B

& tun_d 017_1

radius [4]
B

o0
00 25 60 76 100 125 150 178 200 235 2850 278 300 325 360 IS 400 425 460 45 500 G625 80
length (4]

Figure3.14.1.1: Tunnel Graphlvindow for static case

In the static case (figure 311.1), users can:
1 Save PNG
Saves the graph as a picture in the PNG format.
1 Export CSV
Saves the graph as a table in the CSV format.

Users can also set the following parameters:

9 Domain axis
Allows the user toedect the feature which will be mapped to theaXis.

1 Range axis
Allows the useto select the feature whiclwill be mapped tahe Y-axis.

1 Freeze
This function locks the currently displayed graph. It is useful when users want to combine
more graphs into oe. E.g. in one graph the user can display the relationship between
tunnel length and width and also between length and distance.

91 Clear
Clears the data from the Tunnel Graph window.

The Graph section contains the{ K2 ¢ Y I NJ ,avhich @ddSntaikstiecurve (see figure
3.14.1.2).
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Figure3.14.1.2: Graph with highlighted marks on the curve

The Tunnels section then shows the legend of displayed curves. The color of each curve corresipends to

color ofthe corresponding tunnel in the Structur@gndow (where the color of tunnels and their graph
curves caralsobe changed).

3.14.2 Dynamic case

In the dynamic casgsee figures.14.2.1 and3.14.2.2), users can choose betweersimilar representation

as the static case and heat plots of computadrels.Switching between these two representations can be
obtainedby choosing betweeifunnel ProfilesandHeat map(heat plot).
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3.14.2.1Tunnel Graptwindow for molecular dynamics

divs (A

The vsualization of dynamic tunnels using profiles has the saménggstis profiles in the static casiealso
contains the followinglynamicscontrols:

1 Snapshot

Displays the currently processed and visualized snap€hckinghe current checkbox

tightly connects the graph to Structure Dynamics window. When usersgbéatback in
that window, profiles of tunnels also animate.
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3.14.2.2 Example oheat plot heatmap)

With the Heatmap (also known as heat plothe user can set the following parameters:
1 Domain axis
Allows the useto select the fature whichwill be mapped tahe X-axis.
1 Range axis
Allows the useto select the fature whichwill be mapped tahe Y-axis.
1 Scale axis
Allows the useto select the feature whiclwill be mapped to colors specified by the range
displayed on the right side of the heat plo
1 Tunnel
Allows the useto switch between heat plots of individual detected tunnels.
91 Clear
Clears the data from the Tunnel Graph window.

In the Radius sectigthe usercan customize the color range of tunnel radii in the heat plot (see figure
3.14.2.3).
The usercan manually set the range of radii and the color palette changes according to these new values.
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3.14.2.3 Example of different settings of custom color values of tunnel radii

By clicking with the right mouse button on the graph, mevith advanced settings appears.

39



