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S s Pe st  Tutorials f Basic Functions

The Chimera User's Guide has three main parts, which are interconnected:

. Tutorials - exercises ranging from beginner-level to more advanced
. Basic Functions - general usage topics, including commands
. Tools - descriptions of the Chimera Tools menu entries

The Chimera Quick Reference Guide (PDF) summarizes command-line usage.

Chimera documentation, including the User's Guide, is bundled with each download. Your local copy of the

documentation can be accessed and searched from the Chimera Help menu. We recommend using the
bundled documentation because it is synchronized with your installed version of Chimera. Latest production
release and development versions of the User's Guide are available from the Chimera home page

documentation index. Please see the Chimera home page for other types of information.

This locally installed Chimera documentation can be searched using "Search Documentation” in the Chimera
Help menu.
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Tutorials
Tutorials Index
[Full-Page Index]
1. Getting Started - Menu Version
Getting Started: Menu o Part 1 - Manipulation, Selection, and Chains
Part 1 o Part 2 - Molecular Representations and Surfaces
- 2. Getting Started - Command Version
Getﬁtarted: cmd o Part 1 - Manipulation, Selection, and Chains
o Part 2 - Molecular Representations and Surfaces
Partl 3. Image Tutorials:
M Galactose/Glucose-Binding Protein (2gbp)
Image Tutorials \
Surface Properties
Hydrolases ! .
Opened Interface 3R L ’ ; p——
Similar Sites 4. Structure Analysis and Comparison
B-Factor Coloring o Background and Setup
Density Display o Distances, H-bonds, Contacts
Pipes and Planks o Angles, Rotamers, Clashes
Analysis/Comparison o Surfaces and Attributes
Setup o Superposition and Morphing
Distances... 5. Attributes
Anales. . o Part 1 - Leucine Zipper
surfaces... o Part 2 - GTP-Binding Protein
- 6. Sequences and Structures
M 7. Superpositions and Alignments
Attributes o Background and Setup
Part1 o Different Proteins
Part 2 o Same Protein
Se.quences/Structures 8. Comparative Modeling
Alignments 9. The Model Panel and Ensembles
Setup 10. Trajectory and Ensemble Analysis
Different Proteins - Part 1 - Collagen Peptide
Same Protein v Part 2 - Met-Enkephalin
Comparative Modeling 11. ViewDock
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Model Panel/Ensembles More tutorials are available at the Chimera web site.
Trajectories/Ensembles

Part 1

Part 2 Help Sheets
ViewDock

1. Chimera Quick Reference Guide (PDF) - includes a list of commands and several examples
of command-line atom specification
2. Introduction to PDB Format - describes types and formats of data commonly found in PDB files

More... (Web)

Help Sheets

Chimera Quick Ref (PDF)

Intro to PDB Format
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[Full-Page Index]

Chimera Startup
Input File Types

Fetch by ID
Chimera Window

Menus

Command Line
3D Manipulation

Side View
Selection

Picking

11 o «
Actions Menu
Commands

Atom Spec
Tools

Model Panel

PBond Panel
Molecule Display

Atoms/Bonds
Ribbons

Surfaces
Volume Display
Attribute Inspectors
Coloring
Clippin

Saving Images
Tips
Raytracing
Making Movies

Sequences
Superposition
Building Structures
Saving Data
Chimera Sessions
Preferences

Help

Basic Functions Index

=

o

10.
11.
12.
13.
14.

15.
16.
17.
18.
19.
20.
21.
22.

. Chimera Startup

Input File Types

o Fetch by ID
Chimera Window

o Menus

o Command Line
3D Manipulation

o Side View
Selection

o Picking

o Broadening, Narrowing, Inverting
Actions Menu
Commands

o Atom Specification
Tools

o Model Panel

o PseudoBond Panel
Molecule Display

o Atoms/Bonds

o Ribbons

o Surfaces
Volume (Density) Display
Attribute Inspectors
Coloring
Clippin
Saving Images

o Tips on Preparing Images

o Raytracing
o Making Movies

Sequences

Superimposing Structures
Building Structures
Modifying and Saving Data
Chimera Sessions
Preferences

Help
Stereo

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/framecore.html (1 of 2) [11/18/14 3:05:02 PM]


http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/indexcore.html

Basic Functions FrameSet

Stereo 23. Keyboard Shortcuts
Keyboard Shortcuts
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[List Alphabetically]

[Full-Page Index]

General Controls
Command Line

Model Panel
PseudoBond Panel
Keyboard Shortcuts
Task Panel

IDLE

Viewing Controls
Side View

Camera
Effects
Lighting
Shininess

Depiction
Color Secondary Structure

Rainbow
PipesAndPlanks
Nucleotides

Ribbon Style Editor
Render by Attribute
Surface Capping
Per-Model Clipping
Color Zone
PseudoBond Reader

Structure Analysis
FindHBond

Find Clashes/Contacts
Distances
Angles/Torsions

Metal Geometry
Axes/Planes/Centroids
Thermal Ellipsoids
Render by Attribute

Tools Index

o0 kwNPE

10.

11.

12.

13.

14.

15.

16.

17.
18.
19.
20.
21.
22.
23.

24,

2D Labels - create labels with text, symbols, and arrows in 2D
Add Charge - assign partial charges to atoms

AddH - add hydrogens

Add lons - add monatomic counterions using AmberTools

Adjust Torsions - rotate bonds (change dihedral angles)

Align Chain Sequences - generate a multiple sequence alignment
(MSA) of structure chains using a Clustal Omega or MUSCLE web
service hosted by the UCSF RBVI

Angles/Torsions - measure bond angles and dihedral angles
Animation (under development) - save/restore Chimera scenes,
arrange them into a timeline, play/record animation

APBS - interface to electrostatics calculations with APBS (Adaptive
Poisson-Boltzmann Solver)

Area/Volume from Web - use the StrucTools server to calculate
surface areas and Voronoi volumes

Attribute Calculator - generate new numerical attributes from existing
ones; calculate totals or averages of a given numerical attribute
AutoDock Vina - interface to single-ligand docking with AutoDock
Vina

Axes/Planes/Centroids - define geometric objects (axes, planes,
centroids) based on sets of atoms, perform related measurements
Benchmark - measure hardware performance on standard Chimera
rendering tasks

Blast Protein - perform protein BLAST searches using a web service
hosted by the UCSF RBVI

Browser Configuration - configure web browsers to send Chimera
data linked to web pages

Build Structure - create and modify atomic structures
Cage Builder - create polyhedral cages

Camera - control viewing parameters

Change Chain IDs - reassign chain identifiers

Color Editor - create colors interactively

Color Key - create a color key for figures

Color Secondary Structure - color peptides/proteins by secondary
structure

Color Zone - color surfaces to match selected atoms, split volume data
by the resulting color zones
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Define Attribute
Attribute Calculator

ResProp

Structure Comparison
MatchMaker

Match -> Align
Morph Conformations
RR Distance Maps
Ensemble Cluster
Ensemble Match

Tile Structures
Minrms Plot

Sequence

Sequence
PDB/UniProt Info

Multalign Viewer
Match -> Align

Blast Protein

Align Chain Sequences

Surface/Binding Analysis
FindHBond

Find Clashes/Contacts
Electrostatic Surface Coloring

Coulombic Surface Coloring
APBS

Surface Capping

Surface Zone

ViewDock

Dock Prep

AutoDock Vina

Measure Volume and Area
Area/Volume from Web
Measure and Color Blobs
Intersurf

Surfnet

DelPhiController

Structure Editing
AddH

Add Charge

Dock Prep
PDB2PQR

Rotamers

Adjust Torsions

Build Structure
Model/Refine Loops
Movement Mouse Mode
Minimize Structure

25.
26.

27.

28.
29.

30.

31.

32.
33.

34.

35.

36.
37.
38.
39.
40.

41.
42.

43.
44.
45.

46.
47.

48.
49.

50.

51.

52.

53.

54,
55.
56.

Command Line - enter Chimera commands

Constrained Move - perform rotations and translations about
specified axes

Coulombic Surface Coloring - color molecular surfaces by Coulombic
electrostatic potential

Crystal Contacts - identify clashes between PDB symmetry copies
Define Attribute - assign attribute values to atoms, residues, or
models

DelPhiController - interface to DelPhi (obtained separately) for
calculating electrostatic potential

Demos and Demo Editor - create and replay demonstrations in
Chimera

Distances - measure distances between pairs of atoms

Dock Prep - add hydrogens, charges, etc. to prepare structures for
DOCK or for other calculations

Effects - control visual effects such as depth cueing, shadows, and
silhouettes

Electrostatic Surface Coloring - color surfaces using an electrostatic
potential map (from any of several separate programs)

Ensemble Cluster - cluster members of a conformational ensemble
Ensemble Match - match conformations from two ensembles

Find Clashes/Contacts - identify clashes and/or contacts
FindHBond - find possible hydrogen bonds

Fit in Map - fit atoms into a map (volume data) or one map into
another

Fit to Segments - fit structures into map segmentation regions
Flatten Icosahedron - rearrange the faces of an icosahedral virus
capsid into a plane to create a paper model

Hide Dust - hide small disconnected bits of a surface

Icosahedron Surface - create a hybrid icosahedron/sphere surface
IDLE (Python Interactive DeveLopment Environment) - enter Python
commands

Intersurf - generate and display interface surfaces

Keyboard Shortcuts - define and use keyboard shortcuts for Chimera
functions

Lighting - adjust and save lighting parameters

Match —-> Align - generate a multiple sequence alignment (MSA) from
a structural alignment

MatchMaker - superimpose structures by first constructing a sequence
alignment (optionally including secondary structure scoring) and then
fitting the aligned residue pairs

MD Movie - replay and analyze molecular dynamics trajectories
Measure and Color Blobs - color and measure disconnected parts of a
surface

Measure Volume and Area - measure surface area and surface-
enclosed volume

Metal Geometry - analyze metal coordination geometry

Minimize Structure - energy-minimize structures

Minrms Plot - examine structural alignments of proteins from MinRMS
(obtained separately, available as source code)
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Add lons

Solvate

Write DMS

Change Chain IDs
Renumber Residues

Amber
Add lons

Solvate
Write Prmtop

MD/Ensemble Analysis
MD Movie

Ensemble Cluster
Ensemble Match
Tile Structures

Higher-Order Structure
Multiscale Models

Unit Cell

Crystal Contacts
Small-Angle X-Ray Profile
Scale Bar

Icosahedron Surface
Flatten Icosahedron

Cage Builder

Volume Data

Volume Viewer

Fit in Map

Surface Color

Color Zone

Morph Map

Volume Tracer

Volume Filter

Hide Dust

Segment Map

Fit to Segments

MultiFit

Volume Eraser

Measure Volume and Area
Measure and Color Blobs
Volume Mean, SD, RMS
Values at Atom Positions
Volume Series

Volume Menu on Menubar

Demos
Demo Editor

57.

58.

59.

60.
61.

62.

63.

64.

65.

66.
67.

68.
69.

70.

71.

72.
73.
74.
75.

76.

77.

78.
79.

80.
81.

82.

83.

84.
85.

Model/Refine Loops - interface to Modeller for building missing
peptide segments or generating alternative conformations of peptide
segments already present in a structure

Model Panel - list and act on models

Morph Conformations - create a trajectory that morphs between
structures

Morph Map - morph between two related sets of volume data
Movement Mouse Mode - move just part of a structure with the
mouse

Movie Recorder - capture image frames and assemble them into a
movie file

Multalign Viewer - view sequences, optionally with associated
structures; analyze conservation; view UniProt feature annotations;
interface to Modeller

MultiFit - fit multiple structures into density using a web service
hosted by the UCSF RBVI

Multiscale Models - view macromolecular assemblies at high and low
resolution, generate multimers, and navigate structural hierarchies
Notepad - add user notes (text) that can be saved along with sessions

Nucleotides - create special representations of nucleotide bases and
sugars

Palette Editor - create and choose palettes

PDB2PQOR - interface to structure cleanup and charge/radius
assignment with PDB2PQR

PDB/UniProt Info - retrieve PDB and UniProt annotations using a web
service provided by the RCSB PDB

Per—Model Clipping - clip models individually with a plane at any
angle

PipesAndPlanks - show protein helices as “pipes,” strands as “planks”
PseudoBond Panel - list and act on pseudobond groups
PseudoBond Reader - create pseudobonds arbitrarily

Rainbow - use a range of colors, changing the color per residue,
chain, or model

ReadStdin - allow communication with Chimera through standard
input/output

Render by Attribute - show attribute values of atoms, residues, and
models (with color, etc.)

Renumber Residues - reassign residue numbers

Reply Log - show informational, warning, and error messages from
Chimera

ResProp - define amino acid categories

RESTServer - allow communication with Chimera through REST
interface

Ribbon Style Editor - change ribbon heights/widths (scalings) and
cross-sections (styles)

Rotamers - view and evaluate amino acid sidechain rotamers,
incorporate them into structures

Rotation - control the center of rotation

RR Distance Maps - generate a protein contact map color-coded by
distance (and/or standard deviation, if comparing multiple structures)
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Movement
Rotation

Undo Move
Redo Move
Movement Mouse Mode

Constrained Move
Transform Coordinates

Utilities
Reply Log
2D Labels

Notepad
Movie Recorder

Color Key

Animation

Structure Diagram
Browser Configuration
Benchmark

Color Editor

Palette Editor
ReadStdin

RESTServer

86.
87.
88.
89.
90.
91.

92.
93.

94.
95.

96.

97.
98.
99.
100.
101.

102.

103.

104.

105.
106.
107.
108.
109.
110.
111.

112.
113.

Scale Bar - draw a scale bar and associated label

Segment Map - partition density maps

Sequence - show amino acid and/or nucleic acid sequence
Shininess - adjust shininess and brightness

Side View - scale the view and move clipping planes interactively
Small-Angle X-Ray Profile - calculate a SAXS profile from a structure,
fit with experiment

Solvate - solvate structures using AmberTools

Structure Diagram - generate 2D chemical diagrams of small
molecules

Surface Capping - cap surfaces where they intersect a clipping plane
Surface Color - color surfaces by volume data values or by distance
from a point, axis, or plane

Surface Zone - restrict the display of certain types of surfaces to a
zone around selected atoms

Surfnet - examine cavities and surface indentations

Task Panel - manage jobs started by Chimera

Thermal Ellipsoids - show anisotropic B-factors

Tile Structures - arrange models in a plane

Transform Coordinates - transform a model by specified Euler angles
and shifts

Undo Move and Redo Move - go back and forth in the history of
model rotational/translational positions

Unit Cell - generate crystallographic unit cell contents from
coordinates and transformation matrices

Values at Atom Positions - map volume data to atom positions and
assign values as an attribute

ViewDock - view and prioritize docked molecules

Volume Eraser - interactively zero out parts of volume data

Volume Filter - smooth or transform volume data

Volume Mean, SD, RMS - calculate statistics for volume data
Volume Series - display a series of volume data sets

Volume Tracer - place markers and trace paths within volume displays
Volume Viewer - visualize volume data (3D numerical data such as
electron density)

Write DMS - save molecular surfaces as DMS files

Write Prmtop - write Amber parameter/topology files using
AmberTools
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Commands

[Full-Page Index]

Atom Specification

Command Files
Quick Ref (PDF)

2dlabels ac addaa
addcharge addh adjust
alias align angle aniso apbs
aromatic background bond
bondcolor bonddisplay
bondrepr bondzone cd
center chain changechains
chirality clip close cofr
color colordef colorkey
combine conic coordset
copy coulombic
crystalcontacts defattr
define delete display
distance echo export
fillring findclash findhbond
fitmap fly focus freeze
getcrd hbonds help hkcage
intersurf invert ksdssp
label labelopt leap lighting
linewidth list listen
longbond mask match
matchmaker matrixcopy
matrixget matrixset mclip
mcopy mda measure
meshmol minimize
mmaker modelcolor
modeldisplay molmap
morph move movie msc
msms namesel neon
nucleotides objdisplay

Commands Index

Commands are entered into Chimera's Command Line. Past commands can be

accessed from the Command History, and commands can be placed in an
executable command file. Chimera commands are listed below and in the

Quick Reference (PDF).

All commands can be truncated to unique strings, but their keywords cannot
be truncated except as noted in the documentation. Entering the contents of
the Command Line (pressing return) executes the contents and updates the
display. To hide intermediate stages of processing, multiple commands can be
combined into one line with semicolon separators. Certain text conventions

are used to describe usage.

2dlabels - create labels with text, symbols, and arrows in 2D
ac - use accelerators (keyboard shortcuts)

addaa - add an amino acid to a peptide N- or C-terminus
addcharge - assign Amber partial charges and atom types
addh - add hydrogens

adjust - change bond angle or bond length

alias - create an alias or list the existing aliases

align - align two atoms or sets of atoms along the line of sight
angle - measure angles formed by atoms or by axes and planes
aniso - show thermal ellipsoids

apbs - interface to electrostatics calculations with APBS (Adaptive Poisson-

Boltzmann Solver)
aromatic - show ring aromaticity

background - set background color, gradient, or image
bond - add/delete bonds

bondcolor - color bonds independently from atoms
bonddisplay - control how bond display depends on atom display
bondrepr - control bond style (wire or stick)

bondzone - make zoning tools use points along bonds
cd - change the working directory

center - center the view on specified atoms

chain - chain specified atoms, undisplay the others
changechains - reassign chain identifiers

chirality - report the R/S configuration of a chiral center
clip - move global clipping planes
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open pause pdb2par
pdbrun perframe play
preset rainbow
ramachandran rangecolor
read represent reset
resrenumber ribbackbone
ribbon ribclass ribcolor
ribinsidecolor ribrepr
ribscale ribspline rlabel
rmsd rna rock roll rotation
runscript save savepos
scale scene scolor section
segment select sequence
set/unset setattr shape
show sleep solvate sop
split start stereo stop
struts surface surfcat
surfcolor surfrepr
surftransparency swapaa
swapna sym system tcolor
texture thickness tile
topography transparency
turn vdw vdwdefine
vdwdensity version
viewdock vina volume vop
vseries wait window
windoworigin windowsize
write writesel zonesel

Unsupported Midas
Commands

close - close a model

cofr - report or change the center of rotation

color - color atoms/bonds, ribbons, labels, and surfaces

colordef - define a new color

colorkey - create a color key

combine - combine molecule models into a single model or create another

copy of a molecule model
conic - create a shadowed space-filling image

coordset - play through frames of a trajectory

copy - save image files

coulombic - color surfaces by Coulombic electrostatic potential
crystalcontacts - identify clashes between PDB symmetry copies
defattr - assign attribute values to atoms, residues, or models
define - calculate axes, planes for sets of atoms

delete - delete atoms and bonds

display - display and undisplay atoms

distance - measure distances between atoms, axes, planes, and/or centroids

echo - send text to the status line and Reply Log

export - save the graphical scene

fillring - show rings as filled

findclash - identify clashes and contacts

findhbond - identify hydrogen bonds

fitmap - fit atoms or map into map

fly - smoothly traverse a series of saved positions

focus - adjust the view and center of rotation

freeze - stop all motion

getcrd - report coordinates

hbonds - identify hydrogen bonds

help - display the manual page for a command

hkcage - create a hexagon/pentagon mesh that covers an icosahedron
intersurf - generate and display interface surfaces

invert - swap substituents of an atom

ksdssp - determine secondary structure from protein coordinates
label - display atom labels

labelopt - control the information in atom labels

leap - use a Leap Motion Controller with Chimera

lighting - adjust lighting and shininess

linewidth - control the width of wire bonds

list - report attribute information

listen - report Chimera status

longbond - show/hide pseudobonds representing missing segments
mask - extract volume data bounded by surfaces

match - perform least-squares fitting of specified atoms
matchmaker - align models in sequence, then in 3D

matrixcopy - apply the transformation matrix of one model to another
matrixget - write the current transformation matrices to a file
matrixset - read and apply transformation matrices from a file
mclip - control per-model clipping
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mcopy - copy settings from one molecule model to another
mda - MultiDomain Assembler: perform several steps toward homology-

modeling a multidomain protein
measure - perform various calculations on structures, surfaces, maps

meshmol - create a “molecule” to show surface mesh as sticks
minimize - energy-minimize structures

mmaker - align models in sequence, then in 3D

modelcolor - set color at the model level

modeldisplay - set display at the model level

molmap - create a density map from atomic coordinates

morph - morph (interpolate) between different structures

move - translate models

movie - capture image frames and assemble them into a movie file
msc - color Multiscale Models surfaces to match atoms

msms - (see surfcat/surfrepr)

namesel - save and name the current selection

neon - create a shadowed stick/tube image (not available on Windows

systems)

nucleotides - create special nucleotide representations

objdisplay - display and undisplay VRML models

open - read local files or fetch by ID

pause - pause script execution until the user presses a key

pdb2pgr - interface to structure cleanup and charge/radius assignment with
PDB2POQR

pdbrun - send an annotated PDB file to the system shell

perframe - specify commands to be executed at each display frame

play - script various complex motions

preset - apply a predefined combination of display settings

rainbow - color residues, chains, or models over a range

ramachandran - show peptide ¢, distribution (Ramachandran plot)
rangecolor - color over a range according to attribute values

read - execute a command file, updating the display at the end

represent - control atom/bond display style (wire, stick, ball-and-stick, or
sphere)

reset - restore default or saved orientations

resrenumber - reassign residue numbers

ribbackbone - allow display of both ribbon and backbone atoms

ribbon - display ribbon

ribclass - set ribbon residue class: which atoms control ribbon path and which

are hidden by ribbon
ribcolor - color ribbons

ribinsidecolor - set a separate color for the insides of protein helix ribbons
ribrepr - control ribbon style (flat, edged, or rounded)
ribscale - control ribbon secondary-structure-specific dimensions (Chimera

default or licorice)
ribspline - control ribbon path method (B-spline or cardinal spline)

rlabel - display residue labels
rmsd - evaluate the RMSD between specified sets of atoms
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rna - build rough but potentially large-scale models of RNA and DNA
rock - rotate models back and forth (oscillate)

roll - rotate models

rotation - rotate bonds

runscript - run Python script with command-line arguments

save - save the current Chimera session

savepos - save model positions

scale - scale the view

scene - save and restore scenes (positions plus styles, colors, labels, etc.)
scolor - color surfaces a single color or by volume data or geometry
section - move global clipping planes in parallel

segment - act on segmentation models

select - select atoms or activate models for motion

sequence - show Sequence for specified chains

set/unset - set visual effects, make models rotate about individual centers
setattr - set an attribute to a specified value

shape - create a surface of a specified geometric shape

show - display specified atoms, undisplay the others

sleep - pause script execution for a specified length of time

solvate - add solvent using AmberTools

sop - adjust capping, edit surface models

split - partition a molecule model into separate submodels

start - start Chimera tools by name

stereo - switch amongst stereo options and mono viewing

stop - exit from Chimera

struts - add pseudobonds to a molecule to strengthen it for 3D printing
surface - calculate and display molecular surfaces

surfcat/surfrepr - create molecular surface categories and control surface style
surfcolor - set molecular surface color source

surftransparency - adjust surface transparency

swapaa - mutate amino acids or swap rotamers

swapna - mutate nucleic acid residues

sym - generate symmetry-related copies of a structure

system - send a command to the system shell

tcolor - color atoms/bonds, labels, and surfaces with a texture color
texture - define texture maps and associated colors

thickness - move global clipping planes in opposite directions

tile - arrange models in a plane

topography - plot values in a volume data plane as heights in a surface
transparency - make atoms/bonds, ribbons, and surfaces transparent
turn - rotate models

vdw - display van der Waals (VDW) dot surface

vdwdefine - set VDW radii

vdwdensity - set VDW surface dot density

version - show copyright information and Chimera version

viewdock - start ViewDock and load docking results

vina - interface to single-ligand docking with AutoDock Vina

volume - display volume data (3D numerical data such as electron density)
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vop - edit volume data

vseries - display an ordered sequence of volume data sets; can also be used to

process and save the data
wait - suspend command processing a specified number of frames or until

motion has stopped
window - adjust the view to contain the displayed and specified atoms

windoworigin - set graphics window location

windowsize - adjust the dimensions of the graphics window

write - save atomic coordinates (pdb, mol2)

writesel - write a list of the currently selected (or unselected) items
zonesel - select atoms and/or surfaces within a cutoff distance of specified
atoms and/or surfaces

Chimera Command Files

Chimera command files (scripts) are simply text files containing the same
commands that could be entered at the Command Line. Only plain text is
accepted, not rich text format or Microsoft Word format. Example files:

. rescol.com for coloring amino acid residues

. setup.com from the ViewDock tutorial

. convergent.com from the Similar Binding Sites image tutorial
. movie content examples

Chimera command files can be created manually or by saving the Command
History. Rules and tips:

. Lines that begin with a pound sign (#) are interpreted as comments.

. Multiple commands separated by semicolons (;) can be combined into a

single line. The last semicolon in a line can precede either a command
or a pound sign and in-line comment.
. During execution, a single-frame display update (implicit wait 1) will
be added at the end of each line that:
o contains one or more commands that could change the display
-and -
o does not already end with an explicit wait of any length
(Exception: display updates are not added when a command file is

executed with read.) Multiple commands can be combined into a single

line as described above to suppress the display of intermediate states.
This allows multiple graphical changes to appear simultaneously
instead of one by one.

. Several of the movie-related commands execute over multiple frames
to generate gradual changes such as continuous motion. A multiple-
frame command should be followed by a multiple-frame wait (not the
implicit single-frame wait mentioned above) to prevent subsequent
commands from executing until it is finished.

. The locations of files opened by a command file can be specified
relative to the command file's location, or with absolute pathnames.
For example, if the files are in the same directory as the command file,
only their names need to be given.
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. Structure files can be opened with open noprefs to circumvent any
New Molecules preferences; this prevents inconsistent behavior of
command files and demos potentially caused by the different
preferences settings of different users.

Ways to execute a command file:

. by simply opening the file, which updates the display after each line as
needed. The file type is specified with a suffix (.cmd or .com, part of
the filename) or prefix (cmd: or com:, not part of the filename).

. with the command read

. automatically at Command Line startup, as specified in the Command
Line preferences

Command script execution can be aborted by pressing the Esc (escape) key, or
paused/resumed with Shift-Esc. See also: pause

A midasrc file is a command file that is executed automatically when the
Command Line is started (see the Command Line preferences). Placing
aliases and color definitions in a midasrc file is a convenient way to apply
them each time Chimera is used.

Chimera demos are largely constructed from commands.

Chimera commands do not provide a way to loop through multiple residues or
models, but this can be done by combining Chimera commands with Python
code or a shell script. The Chimera Programmer's Guide includes a primer on

looping.

UCSF Computer Graphics Laboratory / October 2014
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labelopt

- lighting
April 2014 linewidth
Commands(*reverse functio’commandavailable) longbond*
mask
2dlabels create labels with text, symbols, and arrows in 2D match
ac enable acceleratorsgyboard shortcuts) matchmaker
addaa add an amino acid to a peptide N- or C-terminus matrixcopy
addchage assign partial charges to atoms matrixget
addh add hydrogens matrixset
adjust change bond angle or bond length mclip*
alias* create an alias or list the existing aliases mcopy
align align two aoms or sets of atoms along the line of sight measure
angle measure angles formed by atoms or by axes and planegeshmol
aniso* shav thermal ellipsoids minimize
aromatic* show ring aromaticity modelcolor
background set background colpgradient, or image modeldisplay*
bond* add/delete bonds molmap
bondzone* male zoning tools use points along bonds morph
cd change the working directory move
center center the vie on Pecified atoms movie
changechains reassign chain identifiers msc*
chirality report the R/S configuration of a chiral center namesel*
clip* move dobal clipping planes nucleotides*
close close a model objdisplay*
cofr* report or change the center of rotation open*
color* color atoms/bonds, ribbons, labels, surfaces pause
colordef define a ne color perframe*
combine combine molecule models into a single model play
coordset play through frames of a trajectory preset
copy save image files rainbow
coulombic color surfaces by Coulombic electrostatics ramachandran
crystalcontacts identify clashes between PDB symmetry copies rangecolor
defattr assign attribute values to atoms, residues, or models  regad
define* calculate and display axes, planes, centroids represent
delete delete atoms and bonds reset
display* display specified atoms resrenumber
distance* measure distances between atoms, axes, planes, centrgjgisackbone*
echo send text to the status line and Reply Log ribbon*
export save the graphical scene ribclass
fillring* shaw rings as filled ribinsidecolor*
findclash* identify clashes and contacts ribrepr
findhbond* (hbond$ identify hydrogen bonds ribscale
fitmap fit atoms or map into map ribspline
fly smoothly traerse a series of sed positions rlabel*
focus* adjust the viev and center of rotation rmsd
freeze stop all motion rock
geterd report coordinates roll
help display the manual page for a command rotation*
hkcage create icosahedron as hexagon/pentagon mesh runscript
intersurf generate and display interface surfaces save
invert swap substituents of an atom savepos*
ksdssp determine secondary structure from protein coordinatesgcgle*
label* display atom labels scene*

control the information in atom labels
adjust lighting and shininess
control the width of wire bonds

scolor
section
segment

show/hide pseudobonds representing missing segmentselect*

extract volume data bounded by surfaces

perform least-squares fitting of specified atoms
(mmakey adlign models in sequence, then in 3D
apply the transformation of one model to another
write the current transformation matrices to a file
read and apply transformation matrices from a file
control per-model clipping

copy settings from one molecule model to another
perform calculations on structures, surfaces, maps
create a "molecule” to shosurface mesh as sticks
energy-minimize structures

set color at the modelvel

set display at the modeMe

create a density map from atomic coordinates
morph (interpolate) between different structures
translate models

set*
setattr*
shape
show*
sleep
solvate
sop
split
start
stereo*
stop
surface*
surfcat
surfrepr
swapaa
swapna

capture image frames and assemble them into a movie sym*

color multiscale surfaces to match atoms

save and name the current selection

create special nucleotide representations

display graphical objects

read local files or fetch by ID

pause scripbecution until the user presseseyk
specify commands to beeeuted at each display frame
script various compiemotions

apply a predefined combination of display settings
color residues, chains, or modelisoa range

shav Ramachandran plot of protein residues

color over a range according to attribute values
execute a command file, updating display at the end
control atom/bond style (wire, stick, bs, sphere)
restore default or sad orientations

reassign residue numbers

allow display of both ribbon and backbone atoms
display ribbon

set ribbon residue class

set a separate color for inside protein helix ribbons
control ribbon style (flat, edged, rounded)

control ribbon scaling (Chimera default, licorice)
control ribbon path (B-spline or cardinal spline)
display residue labels

evduate the RMSD between specified sets of atoms
rock (rotate back and forth)

roll (rotate continuously)

male a ond rotatable

run Python script with command-line arguments
save the current Chimera session

save model positions

scale the view

savelrestore scenes (positions, styles, colors, lab&ty,

system
thickness
tile*
topography
transparency*
turn

vdw*
vdwdefine*
vdwdensity
version
viewdock
volume

vop

vseries

wait

window
windoworigin
windowsize*
write
writesel
zonesel

color surfaces by volume data or geometry

move dobal clipping planes in parallel

act on segmentation models

select atoms, (de)aeste models for motion

set visual effects, individual model rotation

set an attribute to a specified value

create a surface of a specified geometric shape
display specified atoms, undisplay the others

pause scriptecution for a specified time

add solvent using AmberTools

adjust capping, edit surface models

partition a molecule model into separate submodels
start Chimera tools by name

switch amongst stereo options and mono viewing
exit from Chimera

calculate and display molecular surfaces

(msms catgroup atoms for surface calculations
(msms reprcontrol surface style (solid, mesh, dot)
mutate amino acids or swap rotamers

mutate nucleic acid residues

generate symmetry-related copies of a structure
send a command to the system shell

move dobal clipping planes in opposite directions
arrange models in a plane

plot values in a volume data plane as surface heights
make a@oms/bonds, ribbons, and surfaces transparent
rotate models

display van der Waals (VDW) dot surface

set VDW radi

set VDW surface dot density

shav copyright information and Chimera version
start ViewDock and load docking results

display volume data such as electron density

edit volume data

display process, and sa wlume series

suspend command processing until motion has stopped
adjust the viev to contain the specified atoms

set graphics winde location

adjust the dimensions of the graphics window

save gomic coordinates (pdb, mol2)

write a list of the currently selected (or unselected) items
select atoms/surfs within cufaff specified atoms/surfs

Miscellaneous Operations (Default Settings)

selection from screen
add/toggle selection

rotation

XY-translation

scaling

preferences
searching help
reporting a problem

mailing list

Ctrl-left mouse button
Shift-Ctrl-left mouse button
left mouse button
middle mouse button
right mouse button or Side View
Favorites... Preferences...
Help... Search Documentation...
Help... Report a Bug...
chimera-users@cgl.ucsf.edu

Copyright © 2014 The Regents of the Wasity of California, All Rights Reserved



Specification Symbols

Symbol  Function Usage
# model number # model(integer)
#. submodel number  #. submode(integer)
residue : residue(name or number)
residue name :: residue
chain ID .. chain
@ atom name @atom
@. alternate location ID @.alt_loc
- range specifies a range of models,
submodels, or residues
, name separator separates models or residues,
ranges of models or residues, or
names of atoms
* whole wildcard matches whole atom or residue
namese.g,:*@CA specifies the
alpha carbons of all residues
= partial wildcard matches partial atom or residue
nameseg.g, @C=specifies all
atoms with names beginning with
Cc
? single-char wildcard  used for atom and residue names
only, e.g, :G?? selects all
residues with three-letter names
beginning with G
; command separator separates multiple commands on
a dngle line
z< zone specifier z<zoneor zr<zonespecifies all
residues withirzoneangstroms,
za<zonespecifies all atoms
(rather than entire residues)
within that distance. Using
instead ok gives the
complement.
& intersection intersection of specified sets
| union union of specified sets
- negation negation of specified set
Selected Atom Attributes
Usage Description
@!/altLoc=altloc alternate location ID
@/areaSASsasa solvent-accessible surface area
@/areaSESsesa solvent-excluded surface area

@/bfactor=bfactor
@/color=color
@/defaultRadius=rad
@/display
@/drawMode=mode

B-factor

atom-level color assignment
default VDW radius

whether atom display bit is "on"

modean be 0 (dot), 1 (sphere), 2
(endcap, as in stick), or 3 (ball)

@/element=atno
@/idatmType=type

@/label

@/labeldabel
@/labelColor=labcolor
@/name=mame
@/occupancyaccupancy
@/radius=radius
@/serialNumber=n
@/surfaceCategory=<ategory

@/surfaceDisplay

atomic # or element symbol
Chimera atom type

whether the atom is labeled
text of the atom label

color of the atom label

atom name

crystallographic occupancy
current VDN radius

serial number in the input file

surface calculation category
(main, ligandgetc)

per-atom surface display bit (can
be true for buried atoms without
surface)

Selected Residue Attributes

Usage Description

:JareaSAS=sasa solvent-accessible surface area

:/areaSES=sesa solvent-excluded surface area

:lisHet residues in PDB HEATM
records (or the mmCIF
equialent)

:JisHelix amino acid residues in helices

:/isStrand or :/isSheet
:/kdHydrophobicity= value

:/Iphi=angle

:/psi=angle

:/ssld=N

Juniprotindex=N

amino acid residues in strands
Kyte-Doolittle amino acid
hydrophobicity

protein/peptide backbone phi
angle

protein/peptide backbone psi
angle

secondary structure element
identifier (1 for first helix and
first strandetc)

residue number in corresponding
UniProt sequence, if any

Selected Molecule Model Attributes

Usage

Description

#/ballScalesactor
#/color=color
#l/display
#/lineWidth=width
#/numAtoms=N
#numResiduesM
#/stickScalefactor

ball radius relatie o VDW radius
model-level color assignment
model display bit

linewidth of wire representation
total number of atoms

total number of residues

stick radius relatie © bond radius

Specification Examples

#

- dl models

#0

- model O

#3:45-83,90-98

- residues 45-83 and 90-98 in model 3

:lys,arg

- lysine and arginine residues

112,14@ca

- dpha carbons in residues 12 and 14

112:14@ca

- dl atoms in residue 12 and the alpha carbon in residue 14
.A@ca,c,n,0

- peptide backbone atoms in chain A

:50.B,.D

- residue 50 in chain B and all residues in chain D
:12-15,26-28.a,45.b

- residues 12-15 in all chains (except het/water), 26-28 in chain A, and 45 in
chain B

#0.1-3,5

- submodels 1-3 of model 0 and all of model 5

#0.1-3,.5

- submodels 1-3 of model 0 and submodel 5 of all models
ligand

- any/all residues automatically classified as ligand

S|Fe

- al sulfur and iron atoms

@ca/'label and color!=green and color!=red

- atoms named CA which are not labeled, and are not green or red
@/bfactor>=20 and bfactor<=40

- atoms with B-factor values ranging from 20 to 40

:asn & helix

- asparagine residues in helices

#1:asp,glu & #0 z<10

- aspartate and glutamate residues in model 1 within 10 angstroms of mode
0

solvent & Ng+ z<3 | solvent & N3+ z<3

- solvent residues within 3 angstroms of guanidinium nitrogens or
spP3-hybridized, formally posite ritrogens

@/bfactor>50 & ~ solvent & ~ ions

- atoms with B-factor valuesver 50, excluding solvent and ions

UCSF Chimerais deseloped by the Resource for Biocomputing, Visualization, and Informatics
(RBVI) at the Unversity of California, San Francisco, funded by the National Institutes of Health
(NIGMS P41-GM103311). The software is copyrighted and licensed by the Regents ofvére Uni
sity of California.



Getting Started Tutorial - Menu Version

Chimera Tutorials Index

Getting Started Tutorial - Menu Version

Many tasks in Chimera can be accomplished in multiple ways. For example, colors and display styles can be
changed with the Actions menu or by entering commands. In general, commands are more concise and
powerful, but menus allow easy access to features without knowledge of commands and their syntax.

In this tutorial, many of the same tasks performed with commands in the Getting Started Tutorial - Command
Version are carried out using the menus instead.

To follow along, first download the PDB files included with this tutorial to a convenient location on your
computer:

. 1zik.pdb - leucine zipper
. 1d86.pdb - DNA and netropsin

Menus, Part 1 - Manipulation, Selection, and Chains
On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:
uni x: chimera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or Rapid

Access interface (it does not matter which, the following instructions will work with either). If you like, resize the
Chimera window by dragging its lower right corner.

Now open a structure. Choose File... Open from the Y G UCSE Chimera
menu and use the resulting file browser to locate and

open the previously downloaded file 1zik.pdb. The
structure is a leucine zipper formed by two peptides.

File 5Select Actions Presets Tools Favorites Help

A preset is a predefined combination of display
settings. Apply interactive preset #2:

Presets... Interactive 2 (all atoms)

This displays all atoms and color-codes atoms other
than carbon by element (oxygens red, nitrogens blue,
etc.); carbons are left in the initial model color, in this
case tan.

Try moving the structure with the mouse in the main
graphics window. By default:

. the left mouse button controls rotation
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. the middle mouse button controls XY translation
. the right mouse button performs scaling (zooming)

If you are using a touchpad or single-button mouse, modifier keys allow emulating the middle and right mouse
buttons. These are option and command (3:ﬁ) on Mac keyboards.

Use the Favorites menu to show the Side View for anmn
interactive scaling and clipping. It shows a tiny
version of the structure. Within the Side View, try Camera | Side View | Rotation | Effects = Lighting
moving the eye position (the small square) and the
clipping planes (vertical lines) with the left mouse
button. The Side View will renormalize itself after
movements, so that the eye or clipping plane
positions may appear to “bounce back,” but your
adjustments have been applied.

‘u"iewing

Continue moving and scaling the structure with the
mouse in the graphics window and Side View as
desired throughout the tutorial. When the mouse
focus is in the graphics window (you may need to
click into it if you have been interacting with a

. : % & & m b WP -
different window), hovering the mouse cursor over ! Clip ( Surface capping... || View All | Side: |_right =
an atom or bond (without clicking any buttons) will p . . o . "
show identifying information in a pop-up “balloon.” Reset Restore )| Save )| Close || Help
The balloon will disappear when the cursor is moved
away.

In Chimera, selection specifies atoms, bonds, residues, etc. for subsequent operations with the Actions menu.
Ways to make a selection include using the Select menu or picking from the screen. The Actions menu applies
to whatever is selected, but when nothing is selected, the Actions menu applies to everything.

Select the water (red dots):

Select... Structure... solvent

Another way to make the same selection is with Select... Residue... HOH. The selection is highlighted in green,

and the magnifying glass icon near the bottom right of the window is also green: ':_1 indicating that something
is selected. Hide the selected atoms:

Actions... Atoms/Bonds... hide

Even though the water atoms are hidden, they are still selected. Clear the selection, thicken the lines, and display
only the chain trace:

Select... Clear Selection
Actions... Atoms/Bonds... wire width... 3
Actions... Atoms/Bonds... backbone only... chain trace

The chain trace includes just the a-carbons (atoms named CA), connected in the same way that the residues are
connected.
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By default, picking from the screen is done by clicking on the atom or bond of interest with the left mouse

button while pressing the Ctrl key. To add to an existing selection, also press Shift. Try picking two atoms, one
from each peptide chain (Ctrl-click the first, Shift-Ctrl-click the second).

Label the atoms you have selected, first by atom name and then by residue name and number:

Actions... Label... name residue labels
Actions... Label... off
Actions... Label... residue... name + specifier ‘

The specifier includes residue number and chain ID. One
peptide is chain A and the other is chain B. Use the Favorites
menu to show the Preferences, change to Category: Labels,
and adjust the Label font and size as you wish. Click Save
before closing the preferences if you want the settings to
apply to later uses of Chimera.

Clear the selection by Ctrl-clicking in empty space, as if
picking “nothing.” Turn off the labels:

Actions... Label... residue... off
Color the two chains different colors:

Select... Chain... A
Actions... Color... cyan

Repeat the process to color chain B yellow.

Select chain A by picking any atom or bond in the chain, then pressing the up arrow key twice, once to expand
the selection to the entire residue and another time to expand it to the entire chain. Display its full backbone:

Actions... Atoms/Bonds... backbone only... full
Display all atoms of chain A only (which is still selected):
Actions... Atoms/Bonds... show only
Display all atoms and color them by element: coloring by element

Select... Clear Selection
Actions... Atoms/Bonds... show
Actions... Color... by element

The by element coloring is the same as by heteroatom
except it also color-codes carbons (gray). Heteroatom-only
coloring is useful for keeping different structures
distinguishable by their different carbon colors.

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/menutut.html (3 of 7) [11/18/14 3:05:41 PM]



Getting Started Tutorial - Menu Version

Generally, each file of coordinates opened in Chimera
becomes a model with an associated model ID number.
Models are assigned successive numbers starting with 0.
Models are listed in the left side of the Model Panel (Tools...
General Controls... Model Panel). A checkbox in the A(ctive)
column of the Model Panel shows that the model is activated
for motion; unchecking the box makes it impossible to move
the model. Checking the box again restores the movable
state. Make sure 1zik.pdb is highlighted on the left side of
the Model Panel (if not, click on it) and then click close in the
list of functions on the right side. Next, use the Close button
at the bottom to dismiss the Model Panel.

Go on to Part 2 below, OR exit from Chimera with File... Quit.

Menus, Part 2 - Molecular Representations and Surfaces

With Chimera started as described at the beginning of Part 1, choose the menu item File... Open. Use the
resulting file browser to locate and open the previously downloaded file 1d86.pdb. It contains the molecule
netropsin bound to double-helical DNA.

Move and scale the structure with the mouse in the graphics window and Side View as desired throughout the
tutorial.

Apply the “all atoms” preset, which will show the DNA as wire and netropsin as spheres:
Presets... Interactive 2 (all atoms)
Color carbons white, then undisplay the water:

Select... Chemistry... element... C
Actions... Color... white

Select... Structure... solvent
Actions... Atoms/Bonds... hide

Remember that hiding atoms does not deselect them; they remain selected, as indicated by the green magnifying

glass icon ™= near the bottom right of the window, until the selection is cleared or replaced with a new
selection.

Color the different nucleotides different colors. For example,
color the adenine deoxynucleotides blue:

Select... Residue... DA
Actions... Color... blue

Analogously, color DC residues cyan, DG residues yellow, and
DT residues magenta. Clear the selection with Select... Clear
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Selection or by picking (Ctrl-click) in empty space.

Next, try some different display styles, or representations.

Actions... Atoms/Bonds... sphere
Select... Chain... A

Actions... Atoms/Bonds... ball & stick
Select... Clear Selection

Actions... Atoms/Bonds... stick

Showing
ribbon
automaticall
hides the
mainchain
(backbone)
atoms.

Actions... Ribbon... show
Actions... Ribbon... edged
Actions... Ribbon... rounded

DNA can be shown with special nucleotide objects. We will show “lollipops,” boxes, and a ladder.

Actions... Atoms/Bonds... nucleotide objects... settings...

In the resulting Nucleotides dialog:

set Show side (sugar/base) as to tube/slab

set Show base orientation to false

click Slab Style tab, set slab style to skinny

click Slab Options tab, set Slab object to ellipsoid
click Apply; these are the “lollipops”

arwNPE

Nucleotide settings can be applied to just the selected residues (not necessarily all of the DNA). One way to
select specific residues is in the Sequence tool:

Favorites... Sequence

Show the sequence of chain A and select one or a few residues in the sequence window with the mouse; this
selects the corresponding part of the structure. Quit from the sequence window. In the Nucleotides dialog (also
under Tools... Depiction in the menu):

1. set Show base orientation to true
2. set Slab object to box
3. click Apply; base orientations are shown with “bumps”
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Clear the selection (Select... Clear Selection or Ctrl-click in empty space) and use Nucleotides to show the DNA
as a ladder:

1. set Show side (sugar/base) as to ladder
2. in the Ladder Options, set Rung radius to 0.3 A
3. click OK (which will also dismiss the dialog)

To return to more general display styles, turn off the nucleotide objects:
Actions... Atoms/Bonds... nucleotide objects... off
Hide the ribbons and show everything as ball-and-stick:

Actions... Ribbon... hide
Actions... Atoms/Bonds... ball & stick

Finally, have some fun with surfaces. There are built-in
categories within structures such as main and ligand; when
nothing is selected, Actions... Surface... show displays the
surface of main.

Actions... Surface... show
Actions... Surface... hide
Select... Structure... ligand
Actions... Surface... show
Actions... Surface... mesh

Surface color can be specified separately from the colors of

the underlying atoms. The ligand surface is tan and white because the original model color (tan) is used for
surfaces of atoms not explicitly recolored by the user, and above, only the carbon atoms were changed to white.
With the ligand still selected, choose Actions... Color... all options... to open the Color Actions dialog. In that
dialog,

1. change the Coloring applies to (target) setting to surfaces
2. click red
3. click Close (which will automatically reset the coloring target back to all of the above)

Clear the selection, change back to a solid surface, and then undisplay the surface:

Select... Clear Selection
Actions... Surface... solid
Actions... Surface... hide

As an example of a more complicated selection process, show
the surface of the adenine and thymine deoxynucleotides in
chain B only:

1. change the selection mode: Select... Selection
Mode... append
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2. Select... Residue... DA

3. Select... Residue... DT

4. change the selection mode: Select... Selection
Mode... intersect

Select... Chain... B

6. Actions... Surface... show

i

To prepare for any subsequent operations, restore the
selection mode and clear the selection:

Select... Selection Mode... replace
Select... Clear Selection (or Ctrl-click in empty space)

The command equivalent is much more concise, but requires some knowledge of the atom specification syntax:

Command: surf :da.b,dt.b

Sometimes it is helpful to make a surface transparent:

Actions... Surface... transparency... 50%

Choose File... Quit from the menu to terminate the Chimera session.

meng-at-cgl.ucsf.edu / January 2014
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Getting Started Tutorial - Command Version

Many tasks in Chimera can be accomplished in multiple ways. For example, colors and display styles can
be changed with the Actions menu or by entering commands. In general, commands are more concise and
powerful, but menus allow easy access to features without knowledge of commands and their syntax.

In this tutorial, many of the same tasks performed with menus in the Getting Started Tutorial - Menu
Version are carried out using commands instead.

To follow along, first download the PDB files included with this tutorial to a convenient location on your
computer:

. 1zik.pdb - leucine zipper
. 1d86.pdb - DNA and netropsin

Commands, Part 1 - Manipulation, Selection, and Chains
On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:
uni x: chimera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or

Rapid Access interface (it does not matter which, the following instructions will work with either). If you
like, resize the Chimera window by dragging its lower right corner.

Use the Favorites menu to show the Command
Line. Now open a structure. Enter the command:

Command.: open

and use the resulting file browser to locate and
open the previously downloaded file 1zik.pdb.

The structure is a leucine zipper formed by two
peptides.

A preset is a predefined combination of display
settings. Apply interactive preset #2:

Command: preset apply int 2
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This displays all atoms and color-codes atoms - Nale UCSE Chimera
other than carbon by element (oxygens red,
nitrogens blue, etc.); carbons are left in the
initial model color, in this case tan.

File Select Actions Presets Tools Favorites Help

Try moving the structure with the mouse in the
main graphics window. By default:

. the left mouse button controls rotation

. the middle mouse button controls XY
translation

. the right mouse button performs scaling
(zooming)

Command :|preset apply int 2| | v
If you are using a touchpad or single-button

mouse, modifier keys allow emulating the Active models: M0 1 2 R L
middle and right mouse buttons. These are ﬂ

option and command (j:ﬁ) on Mac keyboards.

Show the Side View for interactive scaling and | gy« o

clipping: Viewing

Camera | Side View | Rotation | Effects | Lighting

Command: start Side View

It is also listed in the Favorites menu by
default. It shows a tiny version of the
structure. Within the Side View, try moving
the eye position (the small square) and the
clipping planes (vertical lines) with the left
mouse button. The Side View will renormalize
itself after movements, so that the eye or
clipping plane positions may appear to
“bounce back,” but your adjustments have

been applied. | Clip (Surface capping... ) ( View All ) Side: | right (=]
Continue moving and scaling the structure Reset Restore ) [ Save )| Close ) ( Help

with the mouse in the graphics window and
Side View as desired throughout the tutorial. When the mouse focus is in the graphics window (you may
need to click into it if you have been interacting with a different window), hovering the mouse cursor over
an atom or bond (without clicking any buttons) will show identifying information in a pop-up “balloon.”
The balloon will disappear when the cursor is moved away.

A Chimera command may include arguments and/or an atom specification. For example, in the following,

Command: color hot pink :lys

the color name hot pink is an argument of the command color, and :lys specifies all residues named LYS.
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A blank specification is interpreted as all

. - Atom Specification Symbols
applicable items. For example,

Symbol Meaning Usage
i # model #model (model ID number)
Command: color hot pink i . _
residue :residue (residue name or number)
] chain :.chain (chain ID)
makes all atoms (and their labels, surfaces,
@ atom @atom (atom name)

etc.) hot pink.

matches partial atom or residue name, e.g.,

. ) = partial wildcard |@C= specifies all atoms with names
Many commands have “~" versions that beginning with C

perform the opposite function. The

. . . single- matches single character in atom or residue
following will change a structure back to its |, character name, e.g., :G?? specifies all residues with
default color: wildcard three-letter names beginning with G

Command: —color

The command help can be used to show the manual page for any command. For example,

Command: help color

shows the manual page for the command color. The Chimera Quick Reference Guide (PDF) lists most
commands and gives some examples of command-line atom specification.

Thicken the lines and display only the atoms named CA (x-carbons):

Command: linewidth 3
Command: show @ca

By default, picking from the screen (a type of selection) is done by clicking on the atom or bond of interest

with the left mouse button while pressing the Ctrl key. To add to an existing selection, also press Shift.
Try picking two a-carbons, one from each peptide chain (Ctrl-click the first, Shift-Ctrl-click the second).
The selection is highlighted in green, and the magnifying glass icon near the bottom right of the window is

also green: % , indicating that something is selected.

The word selected, sel, or picked can be used in commands to specify the current selection. Label the
atoms you have selected:

Command: label sel

The label command shows atom information (atom name, by default). Undisplay the atom labels, then
show labels for the residues containing the selected atoms:
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residue labels
Command: —label ‘
Command: rlabel sel

Each residue label is of the form:
res_name res_number.chain

One peptide is chain A and the other is chain B. Use the
Favorites menu to show the Preferences, change to
Category: Labels, and adjust the Label font and size
as you wish. Click Save before closing the preferences L
if you want the settings to apply to later uses of

Chimera.

Clear the selection by Ctrl-clicking in empty space, as if picking “nothing.” Turn off the labels:

Command: —rlabel

Color the two chains different colors; note that commands can be truncated to unique strings:

Command: color cyan :.a
Command: col yellow :.b

Residues and atoms can also be specified, along with or independent of chain:

Command: col orange :5-9.a,12.a,8.b
Command-: col magenta :14-18
Command: disp :leu.b

Command: col green :leu.b@cb

The structure also includes water, which can be shown with:

Command: disp solvent
-OR- (equivalent)
Command.: disp :hoh

Display the full backbone of chain A:

Command: disp :.a@n,ca,c,0

Display all atoms in chain A only:

Command: show :.a
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Display all atoms and color them by element:

coloring by element

Command: disp
Command: col byelement

Coloring byelement is the same as byhet except it also
color-codes carbons (gray). Heteroatom-only coloring
is useful for keeping different structures
distinguishable by their different carbon colors.

Generally, each file of coordinates opened in Chimera
becomes a model with an associated model ID number.
Models are assigned successive numbers starting with

0. The Active models line right under the Command Line shows which models are activated for motion.

The checkbox for O is activated. Unchecking the box makes it impossible to move model 0. Checking the
box again restores the movable state.

Command: close O

closes the model. Go on to Part 2 below, OR exit from Chimera with the following command:

Command: stop

Commands, Part 2 - Molecular Representations and Surfaces

With Chimera started and the Command Line opened as described at the beginning of Part 1, choose the
menu item File... Open. Use the resulting file browser to locate and open the previously downloaded file
1d86.pdb. It contains the molecule netropsin bound to double-helical DNA.

Move and scale the structure with the mouse in the graphics window and Side View as desired throughout
the tutorial.

Apply the “all atoms” preset, which will show the DNA as wire and netropsin as spheres:

Command.: preset apply int 2

Color carbons white, then undisplay the water:

Command: color white C
Command: —disp solvent

Residue names can be identified by looking in the
Select... Residue menu or by hovering the cursor over
an atom or bond to see information in a pop-up
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“balloon.” Color the different nucleotides different
colors, specifying them by residue name:

Command-: color blue :da
Command: color cyan :dc
Command: color yellow :dg
Command: color magenta :dt

Next, try some different display styles, or
representations.

Command: represent sphere
Command: repr bs :.a
Command: rep stick

Notice that commands (but not necessarily their
keyword arguments) can be truncated to unique
strings. For example, the command represent can be
shortened to repr or rep but not re (because other
commands also start with re), whereas its keywords
stick, sphere, etc. cannot be truncated. If the
truncation is not unique, one of the corresponding
commands will be executed, but it may not be the one
intended.

Showing ribbon automatically hides the mainchain
(backbone) atoms.

Command: ribbon
Command: ribrep edged
Command: ribr rounded

DNA can be shown with special nucleotide objects. We will show “lollipops,” boxes with orientation bumps,
and then a ladder. You can copy and paste into the Command Line. The command-line contents can be
edited, and past commands can be accessed using the up and down arrow keys or Ctrl-p (previous) and
Ctrl-n (next).

Command-: nuc side tube/slab shape ellipsoid orient false style skinny
Command: nuc side tube/slab shape box orient true style skinny :8-10.a
Command: nuc side ladder radius 0.3

To return to more general display styles, turn off the nucleotide objects:

Command: —nuc

Hide the ribbons and show everything as ball-and-stick:
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Command: —ribbon
Command.: rep bs

Finally, have some fun with the surface command.
There are built-in cateqgories within structures such as

main and ligand; when nothing is specified, surface
shows the surface of main.

Command.: surface
Command: —surf
Command: surf ligand
-OR- (equivalent)
Command: surf :nt

Surface color can be specified separately from the

colors of the underlying atoms. The ligand surface is tan and white because the original model color (tan)
is used for surfaces of atoms not explicitly recolored by the user, and above, only the carbon atoms were
changed to white. Show the ligand surface as red mesh:

Command: surfrep mesh
Command: color red,s ligand
Command: surfrep solid

Parts of a surface can be shown:

Command: —surf
Command-: surf :da,dt
Command: —surf
Command: surf :da.b,dt.b

Sometimes it is helpful to make a surface transparent:

Command: transp 50,s

When finished, exit from Chimera:

Command: stop now

meng-at-cgl.ucsf.edu / January 2014
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Image Tutorial: Surface Properties

This tutorial describes how to make high-quality images of a protein surface colored by hydrophobicity and electrostatic
potential. Note there are several routes to the same or similar results. See also: presets, tips on preparing images

. Background and Setup

. Amino Acid Hydrophobicity

. Electrostatic Potential: Coulombic

. Electrostatic Potential: Poisson-Boltzmann

+ Background and Setup
Start Chimera and show the Command Line (for example, with Favorites... Command Line). Fetch Protein Data Bank entry 3eeb:

Command: open 3eeb

Move and scale the structure as you wish throughout the tutorial. It contains two copies of a protease domain bound to a
highly negatively charged small molecule, inositol hexakisphosphate (IHP). Delete one of the copies, chain A, and solvent:

Command: delete :.a
Command: del solvent

The ligand IHP looks somewhat like a distorted snowflake. IHP binds to a conserved site lined with positively charged groups.
The ligand heteroatoms and a nearby sodium ion are colored by element. Show the molecular surface, hide the ion, make

sticks fatter, and make ligand carbons yellow:

Command: surface

Command: —disp ions

Command: setattr m stickScale 2
Command.: color yellow ligand & C

Resize the window as desired, either by dragging its lower right corner with the mouse or by using the command windowsize.
The window dimensions define the aspect ratio (width:height) of output images, but image resolution (pixel dimensions) can
be specified independently when an image is saved.

+— Amino Acid Hydrophobicity

After setup, color the molecular surface by amino acid hydrophobicity on the Kyte-
Doolittle scale:

Command:
rangecolor kdHydrophobicity min dodger blue O white max orange red

This gives the same coloring as the “hydrophobicity surface” preset: from dodger blue
for the most hydrophilic, to white, to orange red for the most hydrophobic. The IHP-
binding pocket is primarily blue, indicating its hydrophilic character.

However, any colors can be used. The figure shows the result of the following
command:

Command: rangecol kdHydrophobicity min medium purple O white max tan

Now the most polar residues are medium purple and the most hydrophobic are tan. Coloring by residue hydrophobicity and
other attributes (B-factor, sequence conservation, etc.) can also be done with the Render by Attribute graphical interface, as in
the B-Factor Coloring image tutorial. The graphical interface is also helpful in that it shows the names and value ranges of
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the available attributes.

The built-in colors can be viewed here or by choosing Actions... Color... all options from the menu and in the resulting
dialog, checking the option to Show all colors. Additional colors can be created with the command colordef.

Use a publication preset for nice image settings, including white background, black outlines, and increased smoothness:

Command: preset apply pub 1

The example image was saved from a 500x500-pixel window using File... Save Image with default settings.

« Electrostatic Potential: Coulombic

After setup, use a publication preset (if not already done):

Command: preset apply pub 1

Start Coulombic Surface Coloring (under Tools... Surface/Binding Analysis). This tool
calculates electrostatic potential according to Coulomb's law. The colors and associated
values can be changed, but for most cases the default settings are suitable. Simply click
OK to color from red for negative potential, to white near neutral, to blue for positive
potential.

The publication presets provide a nice starting point, but you might want to adjust some
settings, such as the thickness of the black outlines:

Command: set silhouetteWidth 3

If you prefer a simple “line drawing” appearance, try ambient-only lighting:
Command: light mode ambient

To restore the default lighting mode:
Command: light mode two-point

The example images were saved from a 500x500-pixel window using File... Save Image
with default settings.

There is a limit to how thick lines such as silhouettes, wire, and mesh can be drawn

while rendering an image. If supersampling is done, the image is initially drawn at a
larger size than requested (3x3 by default) and then sampled back down to the final
size. In large and/or supersampled images, lines may be thinner than expected. The

File... Save Image dialog reports the effective maximum linewidth. It may be possible to
achieve the desired thickness by reducing the supersampling level and/or the pixel dimensions of the image.

« Electrostatic Potential: Poisson-Boltzmann

After setup, use a publication preset (if not already done):

Command: preset apply pub 1

Poisson-Boltzmann (PB) electrostatics calculations take into account spatial variations in the dielectric according to the shape of
the molecule. Programs that solve the PB equation include APBS and DelPhi. Chimera can read grid files or “maps” of

electrostatic potential from running such programs separately, but it also includes the following interfaces:

. the APBS tool runs an APBS web service provided by the NBCR
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. DelPhiController runs a local (user-installed) copy of DelPhi

To use web services, start the APBS interface (under Tools... Surface/Binding Analysis). Otherwise, download and open the
provided map file 3eebB.phi previously calculated with DelPhi, and skip to coloring.

APBS requires first assigning atomic partial charges. Chimera's PDB2POR interface uses another web service to assign charges
and radii appropriate for PB calculations. Choose Tools... Structure Editing... PDB2PQR from the Chimera menu. Look at the
Options if you wish, but for this tutorial, simply click OK to assign PARSE parameters and dismiss the dialog. The assignment
may take several seconds. The resulting structure with PARSE charges and radii is automatically opened as a new model

(#1) containing only the protein atoms from the original structure, #0.

In the APBS dialog, choose the new model, 3eeb PDB2PQR (#1), as the Molecule of interest. If you like, reveal the Options to
see what they are, but then click OK to run the APBS web service with default settings. The calculation may take a few minutes.
When it finishes, the resulting “.dx” map file will be opened automatically as model #2.

Opening an electrostatic potential map starts the Electrostatic Surface Coloring (Surface Color) tool. The surface coloring
dialog allows changing the colors and associated potential values, but for most cases the default settings are suitable. Make sure
the dialog is set to color the molecular surface (#0) and click Color to use the standard coloring scheme of red for negative, white
for neutral, and blue for positive electrostatic potential. It may take several seconds to read the potential file before coloring
occurs. As with Coulombic coloring, the positive potential in the IHP-binding pocket should be clearly evident.

meng-at-cgl.ucsf.edu / July 2013
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Image Tutorial: Glycoside Hydrolases

This tutorial describes superimposing structures, saving positions and sessions, and
creating publication-quality images. The process described here is only one of many
possibilities. Internet connectivity is required to fetch the structures 1uyp, 1gyd, and

loyg.

See also: presets, tips on preparing images, and on the Chimera web site, the Image
Gallery

Background and Setup

Glycoside hydrolases (GH) are a large,
heterogeneous set of enzymes that
hydrolyze bonds between sugars and
other groups. Based on sequence
comparisons, these enzymes have
been categorized into many families;
see the CAZy web site for details.

This tutorial describes the creation of
images to show structural similarities
among members of GH families 32,
43, and 68. These enzymes were
grouped into different families
because their similarities were not
evident from sequence comparisons.

Three acidic residues are at the
active site of a beta-propeller
architecture in glycoside
hydrolase families 32, 43, 62,
and 68. Pons T, Naumoff DG,
Martinez-Fleites C, Hernandez

L. Proteins. 2004 Feb 15;54
(3):424-32.

The three-dimensional
structure of invertase (beta-
fructosidase) from Thermotoga
maritima reveals a bimodular
arrangement and an

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/frameimages.html (1 of 7) [11/18/14 3:06:53 PM]


http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#bg
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#important
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#matching
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#ribstyle
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#views
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#colors
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#effects
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#sessions
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/images.html#saving
http://www.cgl.ucsf.edu/chimera/ImageGallery/
http://www.cgl.ucsf.edu/chimera/ImageGallery/
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/overall.png
http://www.cazy.org/fam/acc_GH.html
http://www.ncbi.nlm.nih.gov/pubmed/14747991
http://www.ncbi.nlm.nih.gov/pubmed/14747991
http://www.ncbi.nlm.nih.gov/pubmed/14747991
http://www.ncbi.nlm.nih.gov/pubmed/14747991
http://www.ncbi.nlm.nih.gov/pubmed/14747991
http://www.ncbi.nlm.nih.gov/pubmed/14973124
http://www.ncbi.nlm.nih.gov/pubmed/14973124
http://www.ncbi.nlm.nih.gov/pubmed/14973124
http://www.ncbi.nlm.nih.gov/pubmed/14973124
http://www.ncbi.nlm.nih.gov/pubmed/14973124

Images Tutorial FrameSet

evolutionary relationship

between retaining and inverting

alycosidases. Alberto F, Bignon

C, Sulzenbacher G, Henrissat B,
Czjzek M. J Biol Chem. 2004
Apr 30;279(18):18903-10.

Start Chimera and enlarge the window
as desired. Show the Command Line

(for example, with Favorites...
Command Line).

Structures can be obtained directly
from the Protein Data Bank. Choose

File... Fetch by ID from the Chimera

menu. In the resulting dialog, choose
the PDB database and check the
option to Keep dialog up after Fetch.
Fetch the PDB structures 1uyp, 1gyd,
and loyg, in that order, and then

Invertase (GH 32) is coral, arabinanase A (GH
43) is turquoise, and levansucrase (GH 68) is
purple. Despite significant divergence, the
enzymes share similar overall folds (top) and
highly conserved active site residues

Close the dialog. (bottom).
Some salient features of these structures:
PDB ID enzyme family | chains conserved residues mod_el #1n
Chimera
luyp ;ny;‘;ﬁ?;;a GH32 | A-F |[Aspl7 | Aspl38 | Glul90
arabinanase A
] o~ 7| GH43
1gyd C. japonicus B Asp38 | Aspl58 | Glu221
loyg Ie\éar;iltz)c;zzze, GH68 A Asp86 | Asp247 | Glu342
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Command: delete #0:.b-f

Simplify the situation by deleting unwanted (for our purposes) extra chains:

Choose Presets... Interactive 1 (ribbons) from the menu; depending on your settings,
this may not change anything in the display. Move and scale the structures as desired

throughout the tutorial.

Alias the conserved residues to some short name for convenience. To avoid typing long
commands, you can copy text from this page and paste it into the Command Line:

Command: alias myres #0:17,138,190#1:38,158,221#2:86,247,342
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Show only the atoms/bonds of these residues:

Command: —display
Command: display myres

Even though all atoms of the residues are “displayed,” backbone atom display is
suppressed by the ribbon (display of both at the same time can be enabled with
ribbackbone).

Matching the Structures

Initially, the relative positions of the structures are not meaningful and merely reflect their
coordinates as deposited in the Protein Data Bank. Chimera includes a few different ways
of superimposing structures.

First, try MatchMaker (under Tools... Structure Comparison in the menu). In the resulting
dialog, choose 1uyp as the reference and the other two (or all three) as the structures to
match. Leave the other settings as defaults and click OK. This uses the protein sequences
and secondary structure assignments to generate pairwise sequence alignments, then fits
the a-carbons of the aligned pairs of residues. The numbers of points used for fitting and
the resulting RMSD values are reported in the Reply Log (under Favorites in the menu).
When the structures have been superimposed, focus the view:

Command: focus

Manually zoom and reorient to see how well the conserved residues are superimposed.
Save the position to facilitate comparison with the results of a different matching method,
used below. A position includes the scale, locations, and orientations of the structures.

Command: savepos posl

Since structurally equivalent residues are known, another way to superimpose the
structures is by specifying atoms to use in a least-squares fit. The match command

requires equal numbers of atoms from the two models being matched. The following
specifies using the backbone atoms of the conserved residues:

Command: match #1:38,158,221@n,ca,c,o0 #0:17,138,190@n,ca,c,0
Command: match #2:86,247,342@n,ca,c,o0 #0:17,138,190@n,ca,c,0
Command: savepos pos2

Again, 1uyp (model O, invertase) was used as the reference structure for both pairwise
matches, and RMSD values are given in the Reply Log. Chain identifiers were not needed
in the commands since each model has only one chain (chains B-F were deleted from
model 0).

Review the two superpositions to decide which is better:

Command: reset posl 30
Command: reset pos2 30
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Repeat as desired. The number at the end of the reset command is the number of frames
over which to gradually restore the position. A gradual rather than abrupt transition
between positions may make them easier to compare.

In this case, the light blue structure (model 1, arabinanase) is better superimposed with
the others in the result from MatchMaker (position posl).

Ribbons

You may have noticed that some of the bonds from sidechains to the ribbon look very
long. This is because the ribbon path (by default) is a smooth B-spline, which can diverge
from the true positions of the backbone atoms. A cardinal spline allows tracking the
backbone more closely. Without smoothing, a cardinal spline follows the x-carbons
exactly, or it can be combined with some “compromise” smoothing of strand and/or coil:

Command: ribspline cardinal
Command: ribsp card smooth strand
Command: ribsp default

Ribbon styles include edged and rounded; different styles can be used for different parts
of the same ribbon, as in the first example below:

Command: ribrep edged strand
Command: ribrep edged
Command: ribrep rounded

Ribbon scalings are secondary-structure-specific heights and widths. Try the “licorice”
scaling and then go back to the default.

Command: ribscale licorice
Command: ribscale "Chimera default"

Custom ribbon styles and scalings can be created with the Ribbon Style Editor (Tools...
Depiction... Ribbon Style Editor).

Although the examples show ribbons for the entire chains, each residue's ribbon segment

can be shown or hidden. For example, the following hides ribbons for the C-terminal
domain of the first structure (model 0):

Command: ~ribbon #0:296-end
A command without residues specified affects all residues:
Command: ribbon

Positions for Images

Resize the Chimera window to the desired aspect ratio and find positions suitable for the
images.
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A window size of 750x636 pixels and two positions were used for the example images. A
view of the overall structures was generated by interactive manipulation, then saved (with
savepos) as a position named overall. Another position zoomed into the active site was
generated from overall by scaling and translation only (to maintain a consistent view) and
saved as as the position closeup.

Saved positions are included in saved sessions and can be restored before saving images.

Coloring the Structures

The current model colors could be used, but typically users will want to apply their own
scheme. Several factors should be considered in choosing colors, including what the
colors are meant to indicate, their distinguishability, and whether viewers may have color
vision deficiencies. The colors named coral, turquoise, and medium purple were used for
models O, 1, and 2, respectively, in the example images.

Open the Color Actions dialog (Actions... Color... all options) and near the bottom, check
Show all colors to expand it. Select a model:

Command: sel #0

and click the desired color in the dialog. Repeat for models 1 and 2, then close the
coloring dialog. Clear the selection:

Command: —sel

To use heteroatom color-coding so that sidechain oxygens are red:
Command: color byhet

Effects and Lighting

The background can be any color, but white is often best for publication images.
Command: background solid white

Depth cueing is front-to-back shading of the scene, which looks like “fog” when the depth
cueing color is pale. By default, the depth cueing color automatically matches the
background. Turn off depth cueing to remove the fog effect:

Command: —set depthCue

Ribbons, sticks, and other spacefilling display styles are made up of planar facets. The

coarseness of the facets is controlled by the subdivision parameter, which ranges from 1
to 20 (default 1.5). Increase smoothness by increasing the subdivision:

Command: set subdivision 5
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Silhouettes are outlines that highlight boundaries and discontinuities. Turn on silhouettes:

Command: set silhouette

The silhouettes look rough in the Chimera window, but they will be smooth in the saved
images due to supersampling.

Instead of the four preceding commands, publication preset 1 could be used to achieve
the same result (command preset apply pub 1 or menu item Presets... Publication 1).
Silhouettes and increased subdivision may degrade interactive response; if so, adjust
these settings last before saving sessions and images.

The contrast, or darkness of shading, is another important contributor to the clarity of
figures. Decrease the contrast (default 0.83):

Command: light contrast 0.55

Graphical interfaces to Effects and Lighting are available under Tools... Viewing Controls
in the menu.

Sessions

A session file can be saved with File... Save Session As in the Chimera menu. It is

generally prudent to save sessions for publication images, as this decreases the labor
necessary if the figures have to be redone. Often minor adjustments such as changing a
color or displaying a different set of side chains will be required.

Later, the session can be restarted with File... Restore Session, and any saved positions
within that session restored with the command reset.

Saving Images
Previously saved positions can be restored, for example:
Command: reset overall

Choosing File... Save Image brings up the Save Image panel for specifying the output file
location, name, and type (PNG was used for the examples), and other options.

Supersampling refers to generating an initial image larger than requested and then
sampling it down to the final size. This smooths edges within the image with little effect
on file size. The default Supersample setting of 3x3, used for the examples, is generally
sufficient for publication.

The Image Size can be specified directly in pixels, or in units of length (when Use print
units is on). If units of length, the output pixel dimensions are calculated using the
specified Print resolution. The graphics window can be resized manually or with the
command windowsize.
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To make an image for a single-column width of 85 mm (3.346 in) with a resolution of at
least 300 dpi, possible approaches include:

. with Units set to pixels, setting the Image width to at least 1004 pixels (3.346 x
300)

. activating Use print units, and with Units set to inches, setting the Image width
to at least 3.346 inches and the Print resolution to 300 dpi

. activating Use print units, and with Units set to millimeters, setting the Image
width to at least 85 mm and the Print resolution to 300 dpi

Clicking Save dismisses the dialog and initiates saving the image.

meng-at-cgl.ucsf.edu /7 October 2014
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Chimera Tutorials Index

Image Tutorial: Opened Interface

This tutorial describes how to reveal
an interface by splaying it open like a
book. The structures are shown as
surfaces with interactive shadows. See
also: Intersurf, presets, tips on

preparing images

. Background and Setup

. Opening/Closing the Interface
. Coloring the Interface

. Orientations for Figures

. Finishing Touches

. Alternative Colorings

+ Background and Setup

Start Chimera and show the
Command Line (for example, with

Favorites... Command Line). Fetch
Protein Data Bank entry lavx:

Command: open lavx

The structure contains porcine
pancreatic trypsin, chain A,
complexed with a trypsin inhibitor
from soybean, chain B. Move and
scale (zoom) with the mouse to see
how the two proteins fit together.
Resize the window as desired, either
by dragging its lower right corner with
the mouse or by using the command
windowsize. The window dimensions
define the aspect ratio (width:height)
of output images, but image resolution can be specified independently when an image is saved. An 800x500-
pixel window was used for the example images at right.

In chain B, there is a break in the ribbon and a dashed line where atomic coordinates could not be resolved. Hide
this dashed line “pseudobond” and split the model to facilitate moving chains independently:

Command: —~longbond
Command: split

The original model #0 is now split into model #0.1 containing chain A and model #0.2 containing chain B. Models
are listed in the Model Panel (under Favorites in the menu).
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Use the all-atoms preset, change to sticks, delete water, and color the two chains differently:

Command: preset apply int 2
Command.: repr stick

Command: delete solvent

Command.: color sea green #0.1
Command.: color medium purple #0.2

Splitting is also one way to indicate that the molecular surface should enclose each chain separately instead of
collectively. Show the surface:

Command: surface

+ Opening/Closing the Interface

One key to making figures is saving and restoring positions. For example, the following saves the current position
and names it p1:

Command.: savepos pl

After the view or individual structures have been moved around, the position can be restored with:
Command: reset pl

... or even restored gradually, over a specified number of frames:
Command: reset pl 80

You can save/restore multiple positions using different names, and positions are included in subsequently saved
session files. To save your work at any point, save a session (see the File menu).

To open the interface, we will:

1. orient the complex so that trypsin (green) is on the left and the inhibitor (purple) is on the right, with the
interface approximately edge-on

2. rotate each protein 90° so that its interface surface is facing the viewer

3. translate the proteins apart horizontally

The first step will be done with the mouse, but we will create command aliases for the other two since they may
be done many times starting from different initial orientations. To avoid typing long commands, you can copy text
from this page and paste it into the Command Line:

Command.: alias "~face-me set independent; turny -
90 model #0.1; turn y 90 model #0.2; —set independent
Command.: alias "separate move x $1 model #0.2; center

**These aliases assume the complex is oriented so that #0.1 (trypsin, green) is on the left and #0.2 (inhibitor,
purple) is on the right.** Aliases can be used in the Command Line, and face-me also appears in the Aliases
menu; separate does not, because it requires also entering the distance of separation (A). The “*” symbol means
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the alias should only be expanded when it appears at the beginning of a command. In the independent rotation
mode, each model rotates about its own center rather than a single collective center.

Before using the aliases, generate initial positions by moving the complex with the mouse. If you have already
separated the proteins and/or rotated them independently, first put the complex back together, for example:

Command: reset default

The default position is that without user-applied rotations and translations, as when the structures were first
opened. For using the aliases, a good initial position of the complex has trypsin on the left and the inhibitor on
the right, with the interface approximately edge-on (similar to the top image above, but could be rotated

differently about the horizontal axis). When you have what seems to be a good initial position, save it, use the
aliases to open the interface, and save the open position. For example:

Command.: savepos closed
Command: face-me
Command.: separate 18
Command: savepos open

You can start over by resetting to the closed position (or whatever you named it). An existing position can be
overwritten by saving to the same name. However, don't worry about optimizing the positions for figures yet. The
goal at this stage is to simplify opening/closing the interface to evaluate colorings.

+ Coloring the Interface

Any one of the following three methods could be used to identify and color the binding interface. Remember to
put the structures in the bound state (closed-interface position) before running calculations, and if trying different
methods or parameter values, recoloring the proteins between trials as in the setup. Previous commands can be

re-executed using the command history. (Advanced users may be interested in some additional aliases used
during tutorial development.) Reset to an open-interface position to see the coloring results.

Method 1 (used for the figures) identifies atom-atom contacts with Find Clashes/Contacts or its command
equivalent, findclash.

With the proteins in the bound state:

Command: findclash #0.1 test #0.2 intersub true overlap -
1 hb O make false select true

Command: namesel contacts

Command: —select

Command.: color yellow contacts&#0.1

Command.: color hot pink contacts&#0.2

In the findclash command, the overlap and hb parameters are adjustable, with values of 0.0-(-
1.0) A and 0.0 A, respectively, recommended for finding contacts. An overlap cutoff of -1.0
identifies pairs of atoms with VDW surfaces up to 1.0 A apart. When the command is instead used
to find only clashes (unfavorable, too-close contacts), hb values > 0.0 help to exclude H-bonding
atom pairs. The two sets of atoms are specified with model numbers (e.g. #0.1), but chain
identifiers could have been used instead (e.g. :.a), and if water had not been deleted, the
calculation could have been limited explicitly to protein (e.g. #0.1&protein or ;.a&protein).
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Method 2 first calculates buried surface area, then uses the resulting per-atom values (assigned as atom
attributes) to identify interface atoms.

With the proteins in the bound state:

Command: measure buriedArea #0.1 #0.2
Command.: color yellow #0.1@/buriedSESArea>1
Command: color hot pink #0.2@/buriedSESArea>1

The total buried area and details of the calculation are given in the Reply Log. Different cutoff

values could be used, but in this case, atoms with > 1.0 A2 of solvent-excluded surface area buried
in the interface are similar to the set of atoms found in the method 1 example. Although solvent,
ions, and ligands are not enclosed in the displayed surfaces, the buried-area calculation will
include all specified atoms. Thus it is important to specify only the intended atoms; for example, if
nonprotein atoms were present:

Command: measure buriedArea #0.1&protein #0.2&protein

Method 3 identifies where surfaces are close to one another and does not involve atoms.

With the proteins in the bound state and surfaces shown:

Command: measure contactArea #0.1 #0.2 2.5 color yellow offset O
Command: measure contactArea #0.2 #0.1 2.5 color hotpink offset O

These commands identify where the surfaces are within 2.5 A of each other. Again, different
cutoffs could be used, but 2.5 gave a result roughly similar to the preceding examples. The
specifications in the contact-area command (e.g. #0.1) refer to the surface models, which happen
to have the same model numbers as the corresponding atomic structures.

+ Orientations for Figures

Start the Side View (under Favorites in the menu) and place it beside the Chimera window so that you can see the
structure from two directions at once. By default, Chimera uses perspective, in which nearer parts of structures
appear larger. This enhances 3D perception, but subtly distorts structures as the eye proceeds from the center of
the Chimera window towards the edges. The orthographic projection (no perspective) may be better for certain
images such as side-by-side comparisons:

Command: set projection ortho

Continue translating, rotating, and zooming with the mouse, saving and resetting positions, and using the aliases

to generate final views. Starting from a position with the intact complex, the face-me alias should only be used
once, since it applies a 90° rotation to open the interface. However, it is fine to use separate multiple times, or
scale or translate the view as a whole using the mouse (carefully!) and/or commands, for example:

Command: move X -8
Command: scale 1.4
Command: move y 2
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It is prudent to save your favorite views as positions, then save a session (and save a session again after
incorporating any finishing touches). You can overwrite an existing position or session by using the same name.

+ Finishing Touches

Many different visual effects can be applied, and choosing which to apply depends on both personal taste and
what the image is meant to illustrate. The example images above were made with smooth molecular surfaces, a

white background, and shadows:

Command.: setattr s density 8
Command: back solid white
Command: set shadows

The vertex density of a molecular surface (default 2) controls the fineness of triangulation, with higher values
giving a greater number of smaller triangles and a smoother-looking surface.

+ Alternative Colorings

Of course, many other combinations
of effects and coloring schemes are
possible. Just to name a few, surfaces
could be colored to show
hydrophobic/hydrophilic
compatibility or electrostatic
complementarity as in the Surface

Properties tutorial, conservation

within associated sequence
alignments as in the Sequences and

Structures tutorial, or concavity/
convexity as in the Attributes tutorial,
part 2. A color key and text could be
added, as in the B-factor Coloring
tutorial.

If a coloring scheme includes white, it
may be helpful to make the
background a different color:

Command.: back solid light
blue

To color by Coulombic electrostatic
potential:

Command: coulombic -
10 red O white 10 blue

The result shows a predominantly
positive protuberance on the
inhibitor (right) interacting with a
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primarily negative pocket on the
enzyme (left), with the opposite
charge pattern on surrounding areas.

To color by per-residue concavity/
convexity, open the Attribute
Calculator (Tools... Structure
Analysis... Attribute Calculator).
Calculate a new attribute named
convexity for residues using the
Formula

residue.areaSAS/residue.
areaSES

Values of convexity > 1 represent
convex areas, while values < 1

represent concave areas. Click OK to

perform the calculation and assignment. A warning message will appear because some residues have an areaSES
of zero, resulting in a divide-by-zero error. However, just close the warning dialog; values have been assigned
correctly to the remaining residues. The coloring command could be something like:

Command.: rangecolor convexity min purple 1 white max yellow

The result mainly serves to emphasize what is already evident from the shadowed surfaces: that a knobby
protuberance on the inhibitor plugs into a socket on trypsin. The Attributes tutorial, part 2 describes showing per-

atom rather than per-residue convexity, but the results are similar.

meng-at-cgl.ucsf.edu / October 2014
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Image Tutorial: Similar Binding Sites

Background

B-1,4-glycanase (gold, Protein Data Bank
entry 1exp) and cellobiohydrolase |

(cyan, Protein Data Bank entry 1cel) have

different folds but a similar pattern of
amino acids near a glucose residue. This
possible example of convergent
evolution was identifed in Table 5 of:

Detection of protein three-
dimensional side-chain patterns:
new examples of convergent
evolution. Russell RB. J Mol Biol.
1998 Jun 26;279(5):1211-27.

Image How-To

The recipe here is just an example; there
are usually many routes to the same or
similar results. Not all of the steps can
be done with commands - for example,
there is no substitute for interactively
finding the best views - but commands
for much of the setup below are
collected into the Chimera command file
convergent.com.

See also: presets, tips on preparing

Images

The images show (A) the two proteins
side by side, (B) a closeup of the
superimposed sites without glucose, and
(C) a thumbnail of the superimposed
sites. Often it is best to create a set of

views that, while different, are consistent C

or related to each other by only simple
transformations. We will generate the
view shown in B first and then base the
others upon it.

PRy

5

g

1cel: cellobiohydrolase |
concanavalin-A-like fold (all-p core)

Similar binding sites in different protein folds
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{
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y
Tyr

i lexp 1cel
-—g- w84 W367
N B _ N126 N141
e Residues: E233 E217
AR - Y171 Y145
* H205 H228

Start Chimera and enlarge the window as desired. Show the Command Line (for example, with Favorites...
Command Line). Fetch 1exp and then 1cel from the Protein Data Bank:

Command: open lexp
Command: open 1cel
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Command: focus

Move and scale the structures using the mouse and the Side View as you wish throughout the tutorial.

1cel includes two copies of the protein, chains A and B; one copy can be deleted:

Command: delete :.b
Command: focus

Use the ribbons preset, and for now, hide all atoms and bonds:

Command: preset apply int 1
Command: ~disp

Set up the basic coloring scheme and white background:

Command.: color gold #0
Command.: color cyan #1
Command: background solid white

Display the residues identified by Russell and use them to superimpose the structures:

Command: alias sitel #0:84,126,233,171,205
Command: alias site2 #1:367,141,217,145,228
Command.: alias both sitel | site2

Command.: disp both

Command: match iterate 2.0 site2 sitel
Command: focus both

Command: color byhet

The aliases in the above match command specify entire residues. The match command requires equal numbers
of atoms from the two structures, specified in the same order. In this case, the residues are of the same types
(thus containing the same numbers of atoms) and the atoms of each residue will be in the same order because
they are automatically sorted by name.

Make the sticks and ribbons smoother by increasing subdivision:

Command: set subdivision 10

De-Emphasizing the Ribbons

The display is still quite “busy,” in part because the two proteins have different folds. We will de-emphasize the
ribbons by making them transparent and slimmer. Make the ribbons 75% transparent (25% opaque):

Command: transparency 75,r

The ,r part indicates that only ribbons should be affected, not atoms, bonds, surfaces, etc.
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By default, transparent surfaces (including objects as well as surfaces proper) appear more opaque when viewed

edge-on as compared to face-on. The transparent ribbons will be less obtrusive with non-angle-dependent
transparency:

Command: set flatTransparency

The sidechain sticks terminate as rounded “nubbins” inside the ribbon. To make these ends flat instead:
Command: repr wire @ca

The ribbon dimensions can be adjusted in Ribbon Style Editor. Start that tool (under Tools... Depiction in the
menu) and adjust the Ribbon Scaling values:

2° Structure | width | Height
Coil 0.20 |0.20
Helix 0.60 |0.20
Sheet 0.60 |0.20

Arrow (base) (1.0 0.20
Arrow (tip) |0.20 |0.20

The Nucleic values only pertain to DNA and RNA. Click Apply to adjust the ribbon scaling (secondary-structure-
specific dimensions). Click Save As... to name and save the scaling for later use. For example, if the scaling is
named slim, it could also be applied with:

Command: ribscale slim

Generating Positions (Views)

The displayed sidechains are somewhat obscured by other parts of the proteins. Rotate, translate, and scale the
structures, and in the Side View, adjust the front and back clipping planes to simplify the view. You may also
want to adjust the window dimensions. After generating a good view of the set of displayed residues (such as in
figure B), save the position:

Command: savepos closeup

It does not have to be perfect; the same command can be used again later to re-save the position after further
adjustments. You may also wish to save the session (see the File menu) at this stage and whenever you are
pleased with your previous work and want to ensure it will not be lost.

Next, generate and save positions for the other two figures. The intent is to preserve the orientations in the
closeup position while possibly translating up/down and left/right and changing the scale.

1. position for figure C, closeup with glucose molecules:

Display the glucose residues, both named BGC (Note: older versions of these PDB entries
used the name GLC instead):
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Command: disp :bgc

If you have changed the view from the closeup position, restore it:

Command: reset closeup

Scale and translate everything (avoiding rotation) so that the glucose molecules are visible,
optionally adjust the clipping planes in the Side View, and then save another position:

Command: savepos closeup?2

Scaling can be done with the mouse, or with the command scale, or by moving the small
square in the Side View. Translations (up/down, left/right) can be performed with the
mouse or with the command move. If you make a mistake, you can simply revert to the
closeup position and start over.

2. position for figure A, the two proteins side by side:

Again we wish to leave the orientation of the structures the same as in the closeup

position, but separate them and zoom out so that all parts are visible. Restore the closeup
position:

Command: reset closeup

Zoom out (scale down) and turn off clipping by unchecking the Clip option in the Side
View. Scale and vertically translate the structures as needed to leave room for a title at the

top and other text at the bottom. The proteins are still superimposed, in the middle of the
window. Translate one structure to the left and the other to the right:

Command: move X -25 models #0
Command: move x 30 models #1

The exact translation distances needed will differ according to your starting position.
When a satisfactory side-by-side view has been achieved, save the position:

Command: savepos sidebyside

Adding Labels and Saving Scenes

Chimera scenes are similar to positions but contain more information such as colors, display styles, and which

atoms and labels are displayed. If scenes are saved and restored, it will not be necessary to manually display and
undisplay the glucose residues and the appropriate labels between saving the different images. However, a
drawback of scenes is that they increase session file size.

Start 2D Labels (under Tools... Utilities) to annotate the images.

1. figure B:
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Command: reset closeup
Command: —disp :bgc

and then use 2D Labels to label the residues. Click to start a label and type to enter its
contents. Click the color well to set label color, in this case black. The appropriate font

size depends on the size of the window; use what you think looks best. Each label can be
repositioned by dragging. When done creating the labels for this view, save the scene:

Command: scene sceneB save

Next, hide all of these labels using the Shown checkboxes in the 2D Labels dialog.

2. figure C:

Command: reset closeup?2
Command: disp :bgc
Command: scene sceneC save

We will not make the window thumbnail-sized until right before saving the image.

3. figure A:

Command: reset sidebyside

and then use 2D Labels to add a black title above the structures and color-coded
descriptions below them. The label color for the gold structure was first set to gold (by
clicking the color well and entering the name gold into the Color Editor) and then
darkened until suitably visible on the white background. The label color for the cyan
structure was similarly derived from cyan. Symbols such as Greek letters can be inserted
using the menu in the 2D Labels dialog. When done creating the labels for this view, save
the scene:

Command: scene sceneA save

Now all of the work other than saving the images is done. You should definitely save the session (see the File

menu) at this point; it will include the labels, saved positions, and saved scenes. The images can be saved now or
later, after quitting from Chimera, restarting Chimera, and restoring the session.

Saving the Images

. figure A:
1. as needed, start Chimera and restore the session (for example, using File... Restore Session)
2. restore the corresponding scene:

Command: scene sceneA reset

3. choose File... Save Image, specify file location, name and type (PNG was used), adjust size as
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desired (width 1200 pixels was used), and click Save

. figure B:
1. restore the corresponding scene:

Command: scene sceneB reset

2. choose File... Save Image, specify file location, name and type (PNG was used), adjust size as
desired (width 1200 pixels was used), and click Save

. figure C:
1. restore the corresponding scene:

Command: scene sceneC reset

2. it was decided that this thumbnail image for the Chimera Image Gallery should be 110 by 87
pixels, a different aspect ratio than the window in the session. Resize the window to the planned
thumbnail size, then scale as needed:

Command: windowsize 110 87
Command: scale 1.2

Of course, the scaling could have been done interactively with the mouse, but instead a scale
factor was determined empirically (by resetting and trying different values) and written down so
that the thumbnail could also be reproduced exactly from the session that had already been
saved.

3. choose File... Save Image, specify file location, name and type (PNG was used), and click Save; in
this case, the size was kept the same as the Chimera graphics window (width 110 pixels, height
87 pixels)

meng-at-cgl.ucsf.edu / September 2012
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Image Tutorial: B-Factor Coloring

The recipe here is just one possibility; there are usually . .
several ways to get the same or similar results. See also: Galactose/Glucose-Binding Protein (2gbp)
presets, tips on preparing images

Start Chimera and show the Command Line (for example,

with Favorites... Command Line). Fetch Protein Data Bank
entry 2gbp:

Command: open 2gbp

B-factor (A2)
[
2 30 50

Use the “all atoms” preset and delete the water:

Command-: preset apply int 2
Command: delete solvent

Resize the window as desired, either by dragging its lower right corner with the mouse or by using the
command windowsize. The window dimensions define the aspect ratio (width:height) of output images,
but image resolution (pixel dimensions) can be specified independently when an image is saved.

The example image was saved with pixel dimensions 573 x 443 from a window of that same size:

Command: windowsize 573 443

Move and scale the structure using the mouse and the Side View as you wish throughout the tutorial.

Coloring by B-Factor

Start Render by Attribute (under Tools... Depiction) and make sure it is set to show the attributes of

atoms. Look in the Attribute list to see what is available: bfactor and occupancy, which were read from
the input PDB file. Choose bfactor; a histogram of the values will appear, with blue, white and red vertical
bars (or thresholds).

You can control how colors will map to B-factor values by dragging the thresholds along the histogram
and/or changing their colors. The Value and Color are shown for the most recently clicked or moved
threshold. The Value changes when the threshold is moved, or the position can be changed by entering a
value and pressing return. The Color can be changed by clicking the square color well and using the Color

Editor. The slider positions in the editor can be adjusted, or a color name simply entered in the Color
name field.

To make the example image, a blue threshold at value 2, a red threshold at 30, and a yellow threshold at
50 were used. Clicking Apply shows the currently defined color scheme on the structure. Once you have
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the desired coloring, click Create corresponding color key, but then just Close both the Color Key and
Render by Attribute dialogs. Although the color key has now been set up to match the coloring scheme,
we will not draw it in the Chimera window until later.

Alternatively, instead of the graphical interface, a command could have been used to perform the coloring:

Command-: rangecolor bfactor key 2 blue 30 red 50 yellow

The key keyword sets up the Color Key dialog; as above, just close that dialog for now. While the
command approach is more concise, the Render by Attribute graphical interface is friendlier in that it

does not require previous knowledge of the attribute names, and it provides visual (histogram)
information on the value distribution.

The coloring can be limited to certain representations, but in this example, both the atoms and the
molecular surface (not yet shown) have been colored by bfactor value.

Clipping the Surface
Display the molecular surface:
Command: surf

Start Per—-Model Clipping (under Tools... Depiction). In that dialog, set Model to the surface (not 2gbp
itself, which contains the atoms) and turn on Enable clipping. Now part of the surface but not the atoms
should be chopped away. The planar “cap” is not yet colored by B-factor; that will have to be done in a
separate step. Keep the clipping dialog open.

Hide all atoms except for the ligand, glucose:

Command-: show ligand

Next, adjust the clipping of the surface to the desired angle and position relative to the structure. In the
Per-Model Clipping dialog, turn on Adjust clipping with mouse as below and use the specified mouse
buttons to translate and rotate the clipping plane. A transparent green disk will be shown while you are
making these adjustments. The mouse button assignments can be changed if you prefer. To return the
mouse buttons to their normal functions, turn off Adjust clipping with mouse as below. It may be
necessary to turn it on and off a few times to position the clipping plane to your satisfaction. Once that
has been done, either turn off Adjust clipping with mouse as below or just Close the clipping dialog to
return the mouse buttons to their normal functions.

The atoms were colored by bfactor value in the previous section. Select protein atoms and use Color Zone
to make the planar cap match these atoms:

Command-: select protein
Command: start Color Zone
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This tool is also under Tools... Depiction in the menu. It is important to select only the intended atoms so
as to avoid coloring the surface by other nearby atoms such as water and ions, which may be undisplayed

and easy to forget. Click the Color button and increase the Coloring radius as needed to to color the
whole cap. A radius of ~3-4 A should suffice. Although the only part of the surface that needed coloring
was the cap, Color Zone applies to the whole surface. Whereas Render by Attribute (and most other per-
atom coloring of molecular surfaces) uses surface-to-atom associations from the molecular surface
calculation, Color Zone (which works on both nonmolecular and molecular surfaces) simply associates a
surface point with the closest atom center, and may thus change the coloring slightly from the Render by
Attribute result.

Close the Color Zone tool and clear the selection:
Command: —select

The color patches on the planar cap look somewhat fuzzy because of coarse surface triangulation. Start
Surface Capping:

Command-: start Surface Capping

and change the Mesh subdivision factor to 3 to make the triangles smaller and the color patches on the
cap more distinct. Close that tool.

Finishing Touches, Labels, Color Key

Use a publication preset to make the background white, turn on black silhouettes, and generate a
smoother molecular surface:

Command-: preset apply pub 1
This preset also turns off depth-cueing (fog).

Place and orient the structure for the final image, leaving room for the title and color key. If you want to,
save the position:

Command: savepos pl
Then if you accidentally move the structure later, the position can be restored with:
Command: reset pl

If you decide a later position is better, you can save it to a new name, or the same name to overwrite the
previously saved position:

Command-: savepos pl
Open the Color Key dialog (under Tools... Utilities). In that dialog, set the Label color to black by clicking
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the color well and using the Color Editor. The appropriate Font size depends on the window size; 26 was
used with a 573 x 443 window.

Make sure that Use mouse for key placement is turned on and then click-drag in the main window to
draw the key. It may take a few tries; click-drag to start over, or click on the middle of the key to drag it

around. To rotate the structure instead (and/or to prevent erasing the existing color key), turn off Use
mouse for key placement. After drawing the key to your satisfaction:

. set Numeric label separation to equal in order to space the value labels 2, 30, and 50 evenly
rather than based on their values

. change Border color to black

. adjust Border width to 2

To add additional text to the image, click the tab to go to the Labels (2D Labels) section of the same
dialog. Set the Color to black, then click in the graphics window to start a label and type to enter its
contents. Each label can be repositioned by dragging and its font size can be edited to a different value.
What font sizes are appropriate depends on the window size; use what you think looks best. The example
image was created using window size 573 x 443, font size 30 for the main title, and font size 28 for the
text above the color key. The A symbol and superscript 2 can be included by using the Insert symbol
menu. Alternatively, symbols can be copied from text displays (such as a symbols page or even the
preceding sentence!) and pasted into the Text area of the 2D Labels dialog. Close the dialog as soon as
the labels are done, to allow rotating the structure and to avoid accidentally creating more labels.

Saving Your Work

Saving a session (see the File menu) right before or after saving the image is recommended if you might
need to regenerate the same or a similar figure later, say at a different resolution or with modified
coloring.

The image was saved at the same size as the window (573 x 443 pixels) using File... Save Image with
default settings.

meng-at-cgl.ucsf.edu / February 2014
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Image Tutorial: Density Display

Background

alternate
conformations

These images show part of Protein Data
Bank entry 2fma, the Alzheimer's amyloid

precursor protein (APP) copper-binding
domain, along with its electron density map
(2fo-fc) available from the Electron Density
Server.

Image How-To

The recipe here is just an example; there
are usually many routes to the same or
similar results. See also: presets, tips on

preparing images, and on the Chimera web

site, the Image Gallery and Guide to Volume

Display alternate
onforma’[ions

Start Chimera and enlarge the window as
desired. Show the Command Line (for
example, with Favorites... Command Line).

Fetch 2fma from the Protein Data Bank,
change its model color to white, then apply
interactive preset #2 to display all atoms
with heteroatom color-coding:

Command: open 2fma
Command: modelcol white
Command: preset apply int 2

Fetch the density map for this structure from the Electron Density Server:

Command: open edsID:2fma

Click the little eye icon on the Volume Viewer dialog to hide the electron density for now. Move and scale
using the mouse and the Side View as you wish throughout the tutorial.

Since one goal was to show an example of alternate conformations, residues with atoms in alternate
conformations were identified by labeling:

Command: rlab @.a
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Met-170 and Glu-183 have alternate conformations; a stretch of residues near Met-170 was chosen for the
figure. Show just residues 168-170 along with the backbone of the flanking residues:

Command: —rlab

Command: show :168-170
Command: focus

Command: disp :167,171@n,ca,c,0

Change to the stick representation and make the sticks thinner:

Command: rep stick
Command: setattr m stickScale 0.5

Select the sidechains only of Tyr-168 and Met-170; this selection will be used to limit the density display to a
zone.

Command: sel :168,170 & without CA/C1’

The without CA/C1' part is shorthand for the menu entry Select... Structure... side chain/base... without CA/
C1'. All terminal menu entries under Select... Structure can be used as command-line specifiers.

If Volume Viewer has gotten buried under other windows, one way to resurrect it is by clicking the lightning-

bolt icon near the bottom of the Chimera window to show the Rapid Access interface, then clicking the
Volume Viewer button under “Active Dialogs.” In the Volume Viewer dialog,

1. click the eye icon to turn density display back on

2. choose Features... Zone from the menu and click the Zone button that appears within the dialog. This
limits the density display to a zone near the selected atoms. After that, the selection can be cleared
(for example, by Ctrl-clicking in empty space). The zone will continue to center on those atoms, and
its Radius can be adjusted by moving the slider or entering a new value. A zone radius of 1.96 A was
used for the figures.

3. the vertical bar (threshold) on the histogram represents a contour level;

o to change the level, drag the threshold to the left or right with the mouse or type a different

value into the Level field below the histogram; to see more density, move the threshold to the
left (use a lower level)

o to change the Color, click the square color well below the histogram and use the Color Editor:
check the Opacity option in that tool to adjust transparency (1-A) as well as color components
(R red, G green, B blue); the sliders can be dragged, or values can be entered directly

o to add another contour level, Ctrl-click on the histogram; changes in Level and Color apply to
the threshold most recently dragged or clicked

4. choose Features... Surface and Mesh Options from the menu to reveal additional display settings

Volume display settings (other than defaults) for figure A:

. Style mesh
. two contour levels:
1. Level 0.426, Color (RGBA) 0.36 1.0 1.0 0.5
2. Level 2.06, Color (RGBA) 1.0 0.0 1.0 1.0 (magenta)

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/density.html (2 of 3) [11/18/14 3:08:32 PM]


http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/rapid.html

Image Tutorial: Density Display

. turned on Smooth mesh lines
. Mesh line thickness 1.5 pixels

By default, Chimera shows only the topmost layer of transparency. This is recommended in most situations
because it simplifies the view and serves to de-emphasize the transparent parts. However, for both of these
figures, single-layer transparency was turned off so that multiple transparent layers would be visible:

Command: —set singleLayer

The setting can be toggled (set singleLayer and then ~set again, as above) if you want to review the
difference.

For figure B, the same contour levels and RGB colors are used, but different transparencies and style. Volume
display settings (other than defaults):

. Style surface
. two contour levels:
1. Level 0.426, Color (RGBA) 0.36 1.01.00.4
2. Level 2.06, Color (RGBA) 1.00.01.00.6
. turned on Surface smoothing iterations 2 factor 0.3

Use 2D Labels (under Tools... Utilities) to add label text. The labels are the same for the two figures. Click in
the graphics window to start a label and type to enter its contents. Each label can be repositioned by

dragging. Each label's color can be adjusted by clicking the color well and using the Color Editor, and its font
size can be edited to a different value. What font sizes are appropriate depends on the window size; use what

you think looks best. In this case, the labels are all white, and the residue labels are in a slightly larger font
than “alternate conformations.” The latter was typed with return (Enter) between the two words so that they
would appear on different lines.

The figures were saved as PNG files with the same pixel dimensions as the Chimera window by using File...
Save Image with default settings.

Saving a session (see the File menu) right before or after saving the image is recommended if you might need
to regenerate the same or a similar figure later, say at a different resolution or with modified coloring. A
position named session-start is created automatically when a session is restored. This is useful when you
restore a session and move things around but then want to restore its initial position:

Command: reset session-start

meng-at-cgl.ucsf.edu / April 2013
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Image Tutorial: Pipes and Planks

This tutorial describes showing protein helices as “pipes” (cylinders) and strands as “planks” (rectangular
boxes) with PipesAndPlanks, and adjusting the lighting to decrease contrast. See
also: Axes/Planes/Centroids, presets, tips on preparing images

Start Chimera and show the Command Line (for example, with Favorites... Command Line). Fetch Protein
Data Bank entry 2mnr:

Command: open 2mnr

The structure is the enzyme mandelate racemase, containing an N-terminal a+B domain and a C-terminal
B/u-barrel domain. Move and scale the structure as desired throughout the tutorial.

The window can be resized by dragging its lower right default: two-point, contrast 0.83

corner with the mouse or by using a command, for
example:

Command: windowsize 500 500

Rainbow-color-code the protein chain from blue at the N-
terminus to red at the C-terminus:

Command: rainbow

Start PipesAndPlanks (under Tools... Depiction in the
menu), and click Apply to generate the pipes-and-planks
representation with default settings. Helix color, Strand
color, and Coil color settings of “No color” indicate that
each pipe, plank, and stretch of coil should be colored
using the ribbon color of its first residue.

The pipes-and-planks representation is shown in addition to the ribbon, rather than replacing it. Hide the
ribbon and atoms:

Command: —ribbon
Command: —disp

Apply publication preset 1, which sets the background to white and turns on black outlines (silhouettes):

Command: preset apply pub 1

The first example image was saved with the current settings, including default lighting.
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Decreasing the Contrast

While two-point, contrast 0.4 ambient-only

shading can
enhance the
perception
of depth,
shapes, and
orientations,
it can also
make colors
muddy and
images
harder to
interpret.
One way to
lighten the
shading is
to decrease
the
contrast,
for

example:
Command: light contrast 0.4

The default lighting mode, two-point, includes two directional lights and ambient (nondirectional) light.
Decreasing the contrast increases the ambient light and gives a flatter appearance.

A yet flatter appearance, similar to a line drawing, can be achieved by changing the lighting mode to
ambient-only:

Command: light mode ambient

The lighting mode and contrast can also be adjusted in the Lighting tool (under Tools... Viewing Controls
in the menu), along with other related settings.

Additional Outlines

In the ambient-only lighting mode, some of the object ambient-only, more outlines
contours are lost. However, more black outlines can be

added using edge color settings in the PipesAndPlanks

dialog. The last example image was saved in the ambient-

only lighting mode after setting the Helix edge color and

Strand edge color to black, but leaving the Coil edge

color as “No color.”

A color setting can be changed by clicking the square color
well and using the resulting Color Editor. The current
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color can be changed by moving the sliders or by entering
a color name (for example, black) in the Color name field.
The active color well should change concurrently, but drag-

and-drop from the Color Editor to a color well or between
two color wells will also work.

Click Apply in the PipesAndPlanks dialog to apply your
changes. The edges may look quite fuzzy in the Chimera
window, but image supersampling (on by default) will
make them smoother in saved images. All images in this
tutorial were saved using File... Save Image with default
settings.

Try other changes if you wish; adjustable settings include
pipe radius, plank width, and whether to show helix and
strand N—C directionality with arrowheads.

meng-at-cgl.ucsf.edu / June 2012
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Structure Analysis and Comparison Tutorial

This tutorial includes binding site analysis and comparison of related structures by superposition and
morphing. Internet connectivity is required to fetch the structures 3w7f and 2zco.

. Background and Setup

. Distances, H-Bonds, Contacts
. Angles, Rotamers, Clashes

. Surfaces and Attributes

. Superposition and Morphing

+ Background and Setup

The pathogenic organism Staphylococcus aureus makes a pigment called staphyloxanthin. The pigment
imparts a golden color (hence aureus), but more importantly, contributes to virulence by protecting the
bacteria from being Killed by the host immune system. The S. aureus enzyme CrtM may be a good drug
target because it catalyzes a key step in staphyloxanthin synthesis:

A cholesterol biosynthesis inhibitor blocks Staphylococcus aureus virulence. Liu Cl, Liu GY,

song Y, Yin F, Hensler ME, Jeng WY, Nizet V, Wang AH, Oldfield E. Science. 2008 Mar 7;319
(5868):1391-4.

We will view and compare different structures of this enzyme.
On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:
uni x: chinera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or

Rapid Access interface (it does not matter which, the following instructions will work with either). If you
like, resize the Chimera window by dragging its lower right corner.

Show the Command Line (Tools... General Controls... Command Line). Choose Favorites... Add to
Favorites/Toolbar to place some icons on the toolbar. This opens the Preferences, set to Category:
Tools. In the On Toolbar column, check the boxes for:

. Side View (under Viewing Controls) r

. FindHBond (Structure Analysis) HEFI"_'.I"
. Find Clashes/Contacts (Structure Analysis) Lﬂg

. Rotamers (Structure Editing)

. Reply Log (Utilities, the last section)

If you want these icons to appear in later uses of Chimera, click Save before closing the preferences.
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Fetch a structure from the Protein Data Bank and use the ribbons preset:

Command: open 3w7f
Menu: Presets... Interactive 1 (ribbons)

This preset displays the two protein chains (A and B) as red and
blue ribbons; bound molecules and nearby sidechains are shown
as sticks. The two chains are two copies of the enzyme. Delete
chain B:

active site

Command: delete :.b

Move and scale structures using the mouse and Side View as
desired throughout the tutorial.

The enzyme combines two 15-carbon molecules of farnesyl
pyrophosphate to form a 30-carbon lipid. This structure contains
farnesyl thiopyrophosphate, which differs from the substrate by
having a sulfur in the place of one oxygen. Sulfur atoms are
shown in yellow, phosphorus orange, oxygen red, and nitrogen blue. Label the ligand residues:

Command: rlabel ligand

In this structure, the farnesyl thiopyrophosphate molecules are named FPS. Three magnesium ions help to
offset the negative charges on the phosphates. The ions are shown as greenish spheres; clicking into the
Chimera window and hovering the mouse cursor over each shows information in a pop-up balloon. Metal
coordination bonds from FPS, water, and the protein are shown with dashed purple lines. Lines drawn to
indicate interactions other than covalent bonds are called pseudobonds. Hovering the cursor over a
pseudobond or bond shows balloon information about its end atoms and length.

Delete the water, label residues with displayed sidechains, and place the labels near a-carbons instead of
residue centroids:

Command-: del solvent
Command: rlab @/display
Command.: setattr m residuelLabelPos 2

Water could be included in the various analyses, but is removed here to simplify the tutorial.

+ Distances, H-Bonds, Contacts

It looks like several sidechains could be donating hydrogen bonds to phosphate oxygens. (Although the
structure does not include hydrogens, we know they are there!)

One of the displayed residues is Ser 21. To measure a distance:
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1. Ctrl-click to pick the sidechain oxygen of Ser 21
2. Shift-Ctrl-doubleclick on the nearest phosphate oxygen
3. click Show Distance in the resulting context menu

Similarly, measure the distance between the sidechain oxygen of Tyr 248 and the same phosphate oxygen.

The distances seem consistent with hydrogen bonds. However, rather than measuring many distances and
trying to remember the appropriate hydrogen-bonding distances for different types of atoms, just use
FindHBond. We will limit the search to H-bonds involving the FPS residues:

1. Select the FPS residues (for example, with Select... Residue... FPS in the menu).

Start FindHBond by clicking its icon: !I

3. In that dialog, turn on the options:
o Only find H-bonds with at least one end selected
o Write information to reply log

4. Set Line width to 3.

5. Click OK.

N

The H-bonds are shown as pseudobonds of the specified color and line width. Both measured distances

were found to be consistent with hydrogen bonding. Details can be viewed in the Reply Log, which can be
opened by clicking its icon. (In your own work, you may prefer to write the information to a file instead.)

Remove the “hydrogen bond” pseudobonds:

Command: —hbond

Find Clashes/Contacts is similar to FindHBond but can also identify nonpolar interactions:

. clashes - unfavorable interactions where atoms are too close together; close contacts
. contacts - all kinds of direct interactions: polar and nonpolar, favorable and unfavorable (including
clashes)

We will identify contacts of the FPS residues:

. Start Find Clashes/Contacts by clicking its icon: LI

With the FPS residues still selected, click Designate. Now, 48 atoms should be designated for
checking against all other atoms.
Set the Clash/Contact Parameters to the default contact criteria (by clicking the button marked
contact).
4. Set the Treatment of Clash/Contact Atoms to:

o Select

o If endpoint atom hidden, show endpoint residue

o Write information to reply log

o (turn off any other treatment options)
. Click Apply.

=

N

w

al
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In the Reply Log, the atom-atom contacts are listed in order of decreasing VDW overlap, the amount of
intersection of atomic van der Waals spheres: O if just touching, positive if interpenetrating, negative if
separated by space. Slightly separated spheres are still considered contacts by default. The distances
between atomic centers are also given.

One might simply want a list of the interacting residues rather than the details of each atomic contact. A
list of the selected residues can be saved. First, deselect the ligand residues and ions, leaving the protein
residues selected:

Command: —sel ligand
Command: —sel ions

Open the Selection Inspector by clicking the magnifying glass icon |®#| near the bottom right corner of
the main window. It reports that 26 residues are selected. Click its Write List... button (or choose
Actions... Write List from the main menu). In the resulting dialog, indicate that selected residues should
be written. Click Log to write the list to the Reply Log instead of to a file.

+ Angles, Rotamers, Clashes

Amino acid torsion angle values can be viewed in the Selection Inspector. Focus on Tyr 248:

Command: focus :248

Ctrl-click to pick any atom or bond in Tyr 248. This will replace (clear) any pre-existing selection. Open
the Selection Inspector again if it is not already open. Inspecting Residue (instead of Atom) shows that
the sidechain angles chil and chi2 in this residue are approximately -107° and -142°, respectively. The
backbone angles phi and psi are also given. Close the Selection Inspector.

We will set up clash checking and rotate the sidechain clash checking
interactively.

1. Display residues within 4 A of Tyr 248:
Command: disp :248 z<4

2. Click into the main graphics window, then press the up
arrow key on the keyboard to promote the atom or bond
selection within Tyr 248 to the whole residue.

Start Find Clashes/Contacts by clicking its icon: g

4. In that dialog, click Designate. The 12 atoms of Tyr 248
should be designated for checking against all other
atoms.

5. Set the Clash/Contact Parameters to the default clash criteria (by clicking the button marked
clash).

6. Set the Treatment of Clash/Contact Atoms to Draw pseudobonds; turn off any other treatment
options.

w
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7. Set the Frequency of Checking to after relative motions.

No clashes are found in the current position. To rotate the sidechain of Tyr 248 interactively:

1. Ctrl-doubleclick its CA-CB bond (the stick segment right next to the ribbon)
2. click Rotate Bond in the resulting menu

The rotatable bond will be listed in the Adjust Torsions dialog. In that dialog, if the Near atom is set to N,
the value reported is the chil angle. There are several ways to rotate a bond, including dragging the
pointer on the dial, clicking the black arrowheads, and editing the angle value directly. If the dialog
becomes obscured by other windows, it can be raised again from the menu (Tools... Structure Editing...
Adjust Torsions).

Use whichever method you prefer to rotate the bond. As the sidechain moves, yellow pseudobonds show
any clashes, and the distance monitor updates automatically. The sidechain is fairly constrained; only chil
angles of approximately -(100-120)° avoid clashes if only that bond is rotated. The sidechain can be
frozen in a new position, but for tutorial purposes, simply restore it to its original position: in the Adjust
Torsions dialog, click the entry under Bond to show a menu. In that menu, choose Revert (move back to
original position) and then Deactivate (make the bond no longer rotatable). Close the torsion dialog.

Click the Find Clashes/Contacts icon to bring the dialog to the front and Close it to halt clash checking.

Next, we will compare the conformation of Tyr 248 in the structure to tyrosine rotamers from a library.
This will indicate whether the sidechain is in a frequently observed conformation and whether other
conformations might also fit into the structure.

With part of Tyr 248 still selected (if not, Ctrl-click to to select any of its atoms or bonds), start Rotamers

by clicking its icon . Click OK to show TYR rotamers from the Dunbrack backbone-dependent library.
The rotamers are shown in the wire representation and listed in another dialog.

Clicking a line in the rotamer dialog displays just that rotamer. Clicking the lines one by one shows that
none of the rotamers match the conformation in the structure.

The rotamer dialog reports chil and chi2 angles and probabilities from the library based on the residue's
backbone conformation. Other than the backbone angles, the probabilities do not take into account any
interactions specific to this structure. However, the rotamer dialog is integrated with clash and H-bond
detection. Choose Columns... Add... Clashes and click OK to use the default settings; repeat with
Columns... Add... H-Bonds.

The new columns show that each rotamer forms several clashes but no hydrogen bonds. We showed above
that Tyr 248 H-bonds with the ligand and avoids clashes, which may compensate for its nonrotameric
(presumably strained) conformation.

A sidechain can be replaced with a chosen rotamer. With a single rotamer shown, either click OK in the

rotamer dialog to replace the sidechain with that rotamer and remove the others, or simply Close the
dialog to remove the rotamers without replacing the sidechain. Although not done in this case, rotamers
can be shown for a different amino acid type than in the structure, allowing for virtual mutations.
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Unlike Tyr 248, Tyr 41 closely resembles the highest-probability tyrosine rotamer given its backbone
angles. If you like, focus on Tyr 41, select one of its atoms or bonds, and use Rotamers to show and
evaluate rotamers of tyrosine or some other amino acid at that position.

Clear the selection, unlabel the residues, zoom back out, and remove the distance pseudobonds:

Command: —sel

Command: —rlab
Command-: focus
Command: —dist

+ Surfaces and Attributes

FPS and the natural substrate both have a highly polar/charged “head” and a long hydrocarbon “tail.” The
enzyme pocket is very large and deep, as needed to accommodate two of these molecules.

A surface representation is best for showing the shape of the pocket. Choose Presets... Interactive 3
(hydrophobicity surface) from the menu to display a molecular surface color-coded by amino acid
hydrophobicity. This preset colors the surface ranging from dodger blue for the most polar residues to

orange red for the most hydrophobic, with white in between.

As one might expect, the mouth of the pocket near the phosphates and ions is mostly polar, while the rest
of the pocket is largely hydrophobic. However, the pocket is so deep that it is hard to see when the whole
surface is shown. Restricting the surface display to the pocket region allows it to be viewed from the
outside, as shown in the figure.

Hide the ribbon and the protein atoms, then show only surface near the ligand:

pocket surface CommandZ ~ribb0n
Command: —disp protein
Command: sop zone #0 ligand 5.0 max 1

The sop (“surface operations”) command limits the display of surface
#0 to a 5.0-A zone around the ligand and shows only the largest
resulting fragment. Without max 1, a few additional disconnected
shards of surface would be shown. If you like, try different cutoff
values; the figure shows results for a cutoff of 4.7 A.

Amino acid hydrophobicity is one example of an attribute. Another
attribute commonly used in structure analysis is atomic B-factor. B-
factor values indicate which parts of the structure are more or less
flexible or disordered.

Display all atoms by choosing Presets... Interactive 2 (all atoms) from
the menu. Now the ligand atoms are shown as spheres and the protein
as wires. Show the protein as sticks:
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Command: repr stick protein

The Render by Attribute tool shows attribute values | & ~ ~ Banles [Caluct bu a8 cilste

with colors and other visual cues. Choose Tools...
Depiction... Render by Attribute from the menu to start
this tool. The dialog is set to atoms when it appears.
Choose bfactor from the attribute menu. The B-factor
values are shown in a histogram, and the vertical bars
on the histogram define a color mapping. These bars or
thresholds can be dragged along the histogram with the
mouse, and their colors can be changed. Clicking the Render | Select
square color well allows changing the Color of the
threshold that was most recently clicked or moved. The
colors can also be changed collectively by choosing a Crrl-click on histogram to add or delete threshalds

different Palette or clicking the button to Reverse
threshold colors. (The figure shows the dialog after a |
r b 1

user has added more thresholds, chosen the Rainbow

File 5caling Refresh
Models

Iw 7T (20)
Attributes of | atoms r

Attribute: | bfactor '

palette, and then reversed the colors.) Adjust the color 0 95.24
mapping as desired and Apply it to the structure. The Value |57.0465 Color

lowest B-factors are in the protein core, the highest in a

loop over the active site and the C-terminus on the Colers = Radii | Worms

opposite side. If any sidechain has been replaced with a
rotamer, the new atoms will not have B-factor values,
but they can be assigned a No-value color.

™ Color atoms (¥ Keep opagque

Color ribbons Keap opague
™ Color surfaces

In the Render dialog, switch from atoms to residues Palette: | Rainbow v
and show the histogram for the attribute
kdHydrophobicity, the Kyte-Doolittle hydrophobicity of
amino acids. This is the same attribute as used by the
surface preset, but different coloring schemes can be Restrict OK/Apply to current selection, if any
applied. Larger positive values correspond to more
hydrophobic residues, negative values to hydrophilic
residues. The No-value color pertains to residues ] Apply Close Help

Reverse threshold colors
Create corresponding color key

without Kyte-Doolittle hydrophobicities, namely any that
are not amino acids (such as the ligands in this structure). The colors can be changed as described above.
Apply coloring by hydrophobicity if you like, then Close the dialog.

+ Superposition and Morphing

Comparing different structures of a protein is another way to evaluate flexibility. We have been viewing a
structure bound to substrate analogs, 3w7f. A structure of the same enzyme without ligands is also
available. Fetch the “empty” structure and apply the ribbons preset:

Command: open 2zco
Command-: preset apply int 1

Now the first structure is tan and the new structure is sky blue, as shown in the Model Panel (Tools...
General Controls... Model Panel).
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The structures are in completely different positions, so the next step is to superimpose them. This is
easily accomplished with MatchMaker or its command equivalent:

Command: mm #0 #1 show true

MatchMaker first generates a sequence alignment using residue types and secondary structure (tries to
align helix with helix and strand with strand), then fits the sequence-aligned residues in 3D by pairing
their CA atoms. The show true option displays the sequence alignment. By default, the fit is iterated so
that far-apart pairs are not included in the final match. This allows the most similar parts to superimpose
more tightly and the dissimilar parts to stand out. Final match statistics are reported in the Reply Log, and
the pairs used in the final fit are shown with light orange boxes on the sequence alignment. The RMSD
histogram above the sequences shows spatial variability, calculated as the root-mean-square deviation
among the CA atoms of residues associated with each column. In this case (only two structures), the RMSD
value is the same as the CA-CA distance.

The structures are highly similar except for the loop at different loop conformations
approximately residues 52-56; you can see residue numbers by
clicking into the sequence alignment window and hovering the
cursor over the corresponding one-letter codes. Click any part of
the light orange boxes to select all the residues used in the final
fit; these form the common core, the most conformationally
similar parts of the structures. The selection can be inverted if
you want to do something to the less similar parts, for example:

Command: sel invert
Command-: disp sel & protein
Command: —sel

Morphing involves calculating a series of intermediate, .
interpolated structures between the original input structures. In Chimera, the series of structures is

treated as a trajectory that can be replayed, saved to a coordinate file, or saved as a movie using MD
Movie.

Start the morphing tool:

Menu: Tools... Structure Comparison... Morph Conformations

Click Add... and in the resulting list of models, doubleclick to choose #0, #1, and #0 again, corresponding
to a morph trajectory from the ligand-bound structure to the empty structure and back. Close the model
list. In the main Morph Conformations dialog, set the Action on Create to hide Conformations, and
then click Create.

The progress of the calculation is reported in the status line. When all the intermediate structures have
been calculated, the input structures are hidden, the trajectory is opened as a third model (#2), and the
MD Movie tool appears. The trajectory can be played continuously or one step at a time by clicking
buttons on the tool, or a frame number can be entered directly. If the MD Movie playback dialog becomes
obscured by other windows, it can be raised using its instance in the Tools menu (near the bottom of the
menu, below the horizontal line).
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The initial display of the morph trajectory is as ribbons rather than all atoms, but all atoms that are
present in both input structures are also present in the morph. Their display can be controlled just as in
any other structure, for example:

Command.: disp #2:52-56

Ligand residues were only present in one of the structures, so they are not included in the morph
trajectory. However, part or all of the original structures can be displayed along with the trajectory. Display
of the other models can be re-enabled by checking the S(hown) boxes in the Model Panel (Tools...
General Controls... Model Panel) or with a command, for example:

Command: modeldisp #0

Then, to show only the ligand residues and ions from that model:

Command: —ribbon #0
Command: show :fps,mg

In this case, the secondary structure does not change much between the input structures. When
conformational differences are larger and ribbons will be displayed, one may want to re-evaluate the
secondary structure at each step of the trajectory. That can be done by putting the command ksdssp in a
per-frame Chimera script in MD Movie. Such scripts also allow performing actions (such as showing/
hiding a ligand) at specific steps in the trajectory.

The Morph Conformations page lists a few additional example systems.

When finished enjoying the morph trajectory, choose File... Quit from the menu to exit from Chimera.

meng-at-cgl.ucsf.edu / May 2014
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Chimera Tutorials Index

Attributes Tutorial

This tutorial demonstrates many uses of attributes, or properties of atoms, residues, and molecule

models. Attributes can be numerical (such as atomic number), boolean (e.g., whether a residue is in a
helix), or string-valued (such as atom type). Attribute values can be rendered visually and used in

selection and command-line atom specification. See also the Mapping Sequence Conservation tutorial on
the Chimera web site.

Part 1 uses a leucine zipper structure, and Part 2 uses the structure of a GTP-binding protein.

Attributes, Part 1 - Leucine Zipper

On Windows/Mac, click the chimera icon; on UNIX, start tyrosine colored by charge
Chimera from the system prompt:

uni X: chinmera

A splash screen will appear, to be replaced in a few seconds by
the main Chimera graphics window or Rapid Access interface (it
does not matter which, the following instructions will work with
either). If you like, resize the Chimera window by dragging its
lower right corner. Show the Command Line by choosing it from the Favorites menu, and optionally, the
Side View for clipping and scaling.

If you have internet connectivity, structures can be obtained directly from the Protein Data Bank. Choose
File... Fetch by ID from the Chimera menu and use the resulting dialog to fetch 1zik from the PDB. If you
do not have internet connectivity, download the file 1zik.pdb included with this tutorial and use File...
Open to open it.

The structure is a leucine zipper formed by two peptides. Apply the “all atoms” preset, change to stick
representation, and hide water:

Command: preset apply interactive 2
Command.: repr stick
Command: —disp solvent

Move and scale the structure as desired throughout the tutorial.

Open the Render by Attribute tool (Tools... Structure Analysis... Render by Attribute). Make sure it is
set to show the attributes of atoms. Look in the Attribute list to see the attributes available: bfactor and
occupancy, which were read from the input PDB file. Choose bfactor; a histogram of the values will
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appear, with colored vertical bars (or thresholds) that control how the values will be mapped to color. Click

Apply to color the atoms by B-factor. As expected, the atoms with higher B-factors are on the outside of
the structure.

The default coloring scheme is blue to white to red, but the color mapping is easy to change. Thresholds
can be dragged along the histogram with the mouse, and added or deleted with Ctrl-click. The Value and
Color are shown for the most recently clicked or moved threshold. Colors can be changed individually. For
example, drag the middle threshold to a lower value, click the square color well, and use the resulting
Color Editor to change the color to yellow. Close the editor, and in the Render by Attribute dialog, click
Apply. Drag the red threshold to the left of the yellow one and then Apply again.

The colors can also be changed collectively, by choosing a Palette in the Render by Attribute dialog.
Choose the Palette named Cyan-Maroon (cyan to white to maroon), then click Reverse threshold colors
for coloring from maroon to white to cyan. Move the thresholds if you wish and Apply again.

Note that the histogram includes the B-factor values of the waters even though they are not displayed.
Display waters with B-factors less than 75:

Command: disp solvent & @/bfactor<75

Show ribbons:

Command: ribbon

Next, change to the attributes of residues in the Render by Attribute dialog. Available residue attributes
include kdHydrophobicity and average bfactor and occupancy. The latter two are residue averages over
the atomic values. Choose kdHydrophobicity, the Kyte-Doolittle hydrophobicity scale for amino acids.

The values will be displayed in the histogram: negative for polar residues, positive for hydrophobic
residues.

Hydrophobicity could be shown with color, but for variety, we will show it with “worms,” modified ribbons
that vary in radius. In the Render by Attribute dialog, change from Colors to Worms. The values are still
shown in a histogram, but now the thresholds have a Worm radius instead of a color. The thresholds can
be added, deleted, and moved like before, and the Worm radius can be changed. By default, the more
hydrophobic residues will be shown with a fatter worm (a larger worm radius). Change the mapping as
desired and click Apply.

The worms show that the most hydrophobic residues tend to face the interior of the structure. To return
to a normal ribbon instead of a worm, change the Worm style to non-worm and click OK (which is
equivalent to Apply plus Close).

Additional hydrophobicity scales are available as attribute assignment files.

Some Chimera tools create new attributes. For example, the Add Charge tool (also implemented as the
command addcharge) assigns partial charges as an atom attribute named charge. Charge values from
Amber are used for standard amino acids and nucleotides.
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Use the “all atoms” preset again:

Command-: preset apply int 2

Next, add hydrogens and assign atomic partial charges:

Command: addh
Command: addcharge

Above, attribute values were shown with color and worms; another approach is to display the values as
atom labels. Since it would be too confusing to show all of these labels at once, only show them for the
atoms in a single residue:

Command: alias myres :tyr.a
Command: show myres
Command: focus

Command: labelopt info charge
Command: label myres

The number of decimal places and whether plus signs should be used for positive values can be specified,
for example:

Command: labelopt info %(charge)+.2f
Command-: lab myres

New attributes can be used in the command line just like built-in attributes. For example, show the atoms
with charge less than -0.4 as balls:

Command.: repr bs @/charge<-0.4

Finally, remove the labels, change to ball-and-stick, and color atoms by their charge values:

Command: —lab
Command: repr bs
Command: rangecol charge -0.8 red O white 0.8 blue

The result should look something like the figure. Rangecolor is the command alternative to Render by
Attribute for coloring.

Close the model:

Command: close O

Go on to Part 2 below, OR terminate the Chimera session with the following command:
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Command.: stop

Attributes, Part 2 - GTP-Binding Protein

Side View) opened as described at the beginning of Part 1.

If you have internet connectivity, use a command to fetch the PDB
structure 121p:

Command: open 121p

If you do not have internet connectivity, download the file 121p.pdb
included with this tutorial and use File... Open to open it.

The structure is H-ras, a small GTP-binding protein, along with a bound
GTP analog, a Mg*+ ion, and some water. Move and scale the structure as desired throughout the tutorial.

Use the ribbons preset:

Command.: preset apply int 1

This shows a ribbon rainbow-color-coded from blue at the N-terminus to red at the C-terminus, plus
atoms in or near binding sites. Delete the water (most of which is hidden) and label the residues near the
ion:

Command: delete solvent
Command: focus ions z<3.5
Command: rlabel ions z<3.5

The active site Mg** ion is coordinated by Ser 17, Thr 35, and phosphonate oxygens in the GTP analog,
which is named GCP. Color the ligand GCP yellow, remove the residue labels, and zoom back out:

Command.: color yellow ligand
Command: —rlabel
Command: focus

In HOMSTRAD, this protein is classified in the GTP-binding protein family. Download the alignment file
homstrad-gtp.pir (originally from HOMSTRAD, now included with this tutorial) and open it with File...
Open.

The alignment is shown in a separate Multalign Viewer window. A colored rectangle under the sequence
name 5p21 indicates association of that sequence with the structure. If the sequence window later
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becomes obscured, it can be raised by choosing MAV - homstrad-gtp.pir... Raise from near the bottom
of the Tools menu.

When a structure is associated with a sequence alignment in Multalign Viewer, its residues are assigned
conservation attributes. From the Multalign Viewer menu, choose Structure... Render by Conservation.
This opens the same Render by Attribute tool used in Part 1, except that now it shows the attribute of

residues named mavConservation. The “mav” part of the name is shorthand for Multalign Viewer, and

“Conservation” indicates that the values correspond to what is shown in the Conservation line of the
sequence window. By default, the value for a column is the fraction of sequences with the most common

residue type at that position, for example: 0.7 where 7 of 10 sequences have the same type of residue, 0.1
where each of the 10 has a different type. (Different calculation methods are available, see Preferences...

Headers in the Multalign Viewer menu.)

In Render by Attribute, use Colors and adjust the color mapping as desired before clicking Apply. The
coloring shows that many positions in or near the binding site are highly conserved.

The Render by Attribute dialog also lists the residue attribute mavPercentConserved. Whereas
mavConservation changes along with the Conservation calculation method, mavPercentConserved is
always the percentage of sequences with the most common residue type at that position (same as the
Conservation default, except expressed as a percentage rather than a fraction).

Select residues within 6 A of the ligand:
Command: select ligand z<6

The selection is shown with green boxes on the sequence alignment.

Like other attributes, mavConservation and mavPercentConserved can be used in commands:
Command: select ligand z<6 & :/mavPercentConserved>80

This selects a smaller set of residues than before, only those both within 6 A of the ligand and meeting the
conservation criterion. Clear the selection (Select... Clear Selection is one way) and Quit from Multalign
Viewer.

Show the molecular surface of the protein:
Command: surface

By default, the surface colors match the underlying atom colors. It is again evident that highly conserved
residues line the binding pocket. Generating a molecular surface automatically creates the atom attributes
areaSAS and areaSES, solvent-accessible and solvent-excluded surface areas in the context of the
structure. For example, the values of both attributes are zero for atoms buried in the protein interior. What
Chimera shows is the solvent-excluded molecular surface, composed of probe contact, toroidal, and
reentrant surface. The solvent-accessible surface (not displayed) is farther out from the molecule, the
surface traced out by the probe center.
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If Render by Attribute is not already open, open it (Tools... Structure Analysis... Render by Attribute)
and see what attributes are present for atoms. If areaSAS and areaSES are not yet listed, show them with
Refresh... Menus. The histograms show the ranges of values obtained for the structure.

Open the Attribute Calculator (Tools... Structure Analysis... Attribute Calculator). Calculate a new
attribute named convexity for atoms using the Formula

atom.areaSAS/atom.areaSES

Values of convexity > 1 represent convex areas, while values < 1 represent concave areas. Click OK to
perform the calculation and assignment. A warning message will appear because some atoms have an
areaSES of zero, resulting in a divide-by-zero error. However, just close the warning dialog; the attribute
has been assigned correctly for the atoms with nonzero areas.

Finally, show the convexity values with color on the protein surface. In the Render by Attribute dialog,
make sure that the histogram is showing the new attribute of atoms named convexity. In the Colors
section, use three thresholds:

. drag the lowest-value (leftmost) threshold to the far left and make it purple (click the color well
and then enter the Color name in the Color Editor)

. drag the highest-value threshold to the far right and make it yellow

. click the middle threshold, make it white, and set its value to 1 by simply entering that number in
the Value field and pressing return

Click Apply; the result should resemble the figure.

The surface can be smoothed by increasing its vertex density from the default of 2.0, for example:

Command.: setattr s density 5

When finished, end the Chimera session:

Command: stop really

meng-at-cgl.ucsf.edu / August 2014

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/attributes.html (6 of 6) [11/18/14 3:08:59 PM]



Sequences and Structures Tutorial

Chimera Tutorials Index

Seqguences and Structures Tutorial

This tutorial is an introduction to working with sequence alignments and associated structures using
Multalign Viewer. Data are taken from the enolase superfamily:

The enolase superfamily: a general strateqy for enzyme-catalyzed abstraction of the alpha-
protons of carboxylic acids. Babbitt PC, Hasson MS, Wedekind JE, Palmer DR, Barrett WC,

Reed GH, Rayment I, Ringe D, Kenyon GL, Gerlt JA. Biochemistry. 1996 Dec 24,35
(51):16489-501.

To follow along, first download the sequence alignment file super8.msf to a convenient location. This
sequence alignment contains the barrel domains of eight enolase superfamily members.

On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:

uni x: chinera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or
Rapid Access interface (it does not matter which, the following instructions will work with either).

Choose File... Open, then locate and open super8.msf. Opening a sequence alignment file automatically
starts Multalign Viewer and uses it to display the alignment.

Multalign Viewer has its own set Multalign Viewer sequence window

of preferences, including display
options. From the alignment
window menu, choose
Preferences... Appearance and
adjust settings as desired for
Multiple alignments, then Close
the preferences dialog.

Size and place the sequence
window and main Chimera
window so that both are visible. If
the sequence window later
becomes obscured, it can be
raised by choosing Tools... MAV -
super8.msf... Raise from the
menu, or by clicking super8.msf
in the lefthand Active Dialogs
section of Rapid Access (shown/
hidden by clicking the lightning-
bolt icon at the bottom of the
Chimera window).
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A Consensus sequence and Ao super8.msf
Conservation histogram are File Edit Structure Headers MNumberings Tree Info Preferences
shown above the sequences. They g1 1M 111
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Headers menu. Red capital letters ;‘m”""mm S e
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The first sequence in the e Pl =
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cerevisiae. There are multiple eobhal ... ... STEE OQIEY IAGKVE EYDLVY) .
structures in the Protein Data . — . —— "
Bank for each of these sequences; Quit_ [ Hide || Help

2mnr (mandelate racemase) and 4enl (enolase) are used in this tutorial.

If you have internet connectivity, structures can be obtained directly from the Protein Data Bank. Use Fetch

by ID (File... Fetch by ID in the Chimera menu) to get 2mnr and then 4enl from the PDB database. If you
do not have internet connectivity, instead download the files 2mnr.pdb and 4enl.pdb included with this

tutorial and open them in that order with File... Open.

The view is initially centered on the first structure opened, mandelate racemase. Off to the side and
possibly out of view is the second structure, enolase. Use the menu to bring everything within view:

Actions... Focus

Apply the ribbons preset (which may or may not change the appearance, depending on your preference
settings):

Presets... Interactive 1 (ribbons)

Move and scale the structures as desired throughout the tutorial.

Notice that in the sequence sequence window after structure association
window, the sequence names mr

and enolyeast are now shown in

bold within colored boxes. Each

structure was automatically

associated with its best-matching

sequence, and the colors indicate

the pairing.
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sequence data from common
sources are rarely perfect matches to the sequences of structures, even if both are available for the same
species. Further, structures may not be available for the exact proteins in the sequence alignment, only
their homologs.

First, we will use the sequence alignment to guide a structural match. From the Multalign Viewer menu,
choose Structure... Match and click Apply without checking any boxes. This superimposes the structures
using the alpha-carbons of all pairs of residues aligned in the sequence alignment. Readjust the view to
focus on the active sites, in this case, the metal ions and surrounding atoms:

Select... Structure... ions
Select... Zone... (try an 8-A cutoff)
Actions... Focus

Clear the selection by Ctrl-clicking in an empty part of the graphics window.

Match statistics are reported briefly in the status line at the bottom of the Chimera window and written to
the Reply Log (Favorites... Reply Log). The match is fairly rough, giving an RMSD of 8.4 A, and the active
sites are somewhat offset. Apparently, not all 175 pairs of residues in the same columns of the sequence
alignment superimpose well in space. Try matching again, but this time, turn on the option to Iterate by
pruning... and edit the angstrom value to 1.0 before clicking OK. This improves the superposition of the
active sites by omitting dissimilar parts from the fit.

Zoom back out to view the overall structures: active sites
Actions... Focus

The structures have N-terminal and barrel domains, but
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only the barrel domains are included in the sequence
alignment. With the mouse, drag a box to highlight the
entire sequence alignment. That will select the
corresponding parts of the proteins. Invert the selection
to the parts of the proteins not included in the sequence
alignment, then hide the ribbon for those parts:

Select... Invert (all models)
Actions... Ribbon... hide
Select... Clear Selection
Actions... Focus

Boxes drawn on the alignment are called regions. A single
region may consist of several disconnected boxes. The
active region is shown with a dashed outline. Delete the
active region by clicking in some blank area of the
sequence window (not on the sequences) to make sure this window has the mouse focus, then pressing
the keyboard delete key. If the region is not active (the border is not dashed), first click on the region to
activate it, then press delete.

Communication also goes in the opposite direction: a selection in the structures is shown on the sequence
alignment as a region. For example, select all aromatic residues in the structures:

Select... Residue... amino acid category... aromatic

The green boxes in the sequence alignment are the selection region. Clear the selection by Ctrl-clicking in
an empty part of the graphics window.

Placing the cursor over any structure-associated residue in the sequence alignment shows the
corresponding structure residue number near the bottom of the sequence window. For example, clicking
into the sequence window and then placing the cursor over the first residue in the mr sequence shows
that it is associated with Val 134 in chain A of model #0 (2mnr, mandelate racemase).

Next, see where some of the conserved residues are within the structures. In the sequence window, find
the first completely conserved residue in the alignment. It is an aspartic acid, D, at alignment position 99.
Drag with the mouse to create a region containing just that column of the alignment. The corresponding
structure residues will be selected.

These aspartic acid residues are already displayed because the ribbons preset (used above) automatically
displays sidechains near any bound ions or ligand molecules.

At alignment position 150, there is a completely conserved proline (P). Create another region for this
column (this time, press Ctrl along with the mouse button to start a new region instead of replacing the
first). Only ribbons are shown for these residues; display the sidechain atoms too:

Actions... Atoms/Bonds... show

Alignment regions can also be created automatically. From the Multalign Viewer menu, choose
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Structure... Secondary Structure... show actual. This creates regions in the structure-associated
sequences named structure helices (light yellow with gold outline) and structure strands (light green
with green outline).

The region names are listed in the Region Browser (Info... Region Browser in the Multalign Viewer
menu). Clicking the Active checkbox for a region will select the corresponding residues in any associated
structures. Only one region can be active at a time. Close the Region Browser.

ChOOSG TOOIS General COI’ItI’OlS... Command Llne from Conservation Shown Wlth Color
the main Chimera menu and use a command to close the
enolase structure:

Command: close 1

Clear the selection (if any) by Ctrl-clicking in an empty
part of the graphics window.

A structure can be colored according to the conservation
in an associated sequence alignment. Choose Structure...
Render by Conservation from the Multalign Viewer
menu. The resulting Render by Attribute tool shows a
histogram of the residue attribute named
mavConservation. The “mav” part of the name is
shorthand for Multalign Viewer, and “Conservation”
indicates the values correspond to what is shown in the Conservation line of the sequence window. By
default, the value for a column is the fraction of sequences with the most common residue type at that
position, for example: 1.0 where all 8 sequences have the same type of residue, and 2/8 = 0.25 where
only 2 (but any 2) share a type.

The Render by Attribute histogram contains vertical bars (or thresholds) for mapping the attribute values

to colors, radii, or worms. Use the Colors section. You can define your own color mapping by dragging the
thresholds along the histogram and/or changing their colors. The Value and Color are shown for the most
recently clicked or moved threshold. The Value changes when the threshold is moved, or the position can
be changed by entering a value and pressing return. The Color can be changed by clicking the square
color well and using the Color Editor. Adjust the color mapping as desired before clicking Apply. Coloring
the structure shows the high conservation of the metal-binding residues and the low conservation of most
residues around the outside of the barrel.

Attributes can also be used in the command line. For example, show only the residues with
mavConservation values greater than 0.7:

Command: show :/mavConservation>.7

The conservation can be calculated in different ways (entropy, variability, etc.) using the AL2CO program
included with Chimera. Choose Preferences... Headers from the Multalign Viewer menu, set
Conservation style to AL2CO, and adjust additional AL2CO parameters as desired. The Conservation line
in the sequence window will update automatically. In Render by Attribute, it may be necessary to use
Refresh... Values to update the histogram before recoloring the structure.
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Multalign Viewer includes many features, only a few of which are sampled here. Users are encouraged to
explore the menus and documentation for more information. See also the Mapping Sequence Conservation
tutorial on the Chimera web site.

End the Chimera session:

Command: stop now
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Superpositions and Alignments Tutorial

In this tutorial, MatchMaker is used to align protein structures (create a superposition), Match —> Align is
used to generate a multiple sequence alignment from the structural superposition, and Morph
Conformations is used to morph between related structures.

Sequence alignments are displayed in Multalign Viewer, which is covered in more detail in the Sequences

and Structures tutorial, and the morphing trajectory is displayed in MD Movie, which is covered in more
detail in the Trajectory and Ensemble Analysis tutorial.

Internet connectivity is required to fetch the structures used in this tutorial: 1tad, 121p, 1r2q, 1j2j, 1puj,
1tnd, 1tag

. Background and setup
. Different but related proteins

o Superposition

o Structure-based sequence alignment
. Different conformations of the same protein

o Morphing

+ Background and Setup

Protein structures are classified within databases such as SCOP, CATH, and HOMSTRAD. Classifications

range from groups of highly similar and closely related proteins to larger, more diverse sets. For analysis
and comparison, it is often useful to superimpose related structures. Although it is not always clear
whether proteins with the same fold are evolutionarily related (homologous), they should still be
superimposable. In general, more closely related proteins are easier to superimpose.

G proteins (guanine nucleotide-binding proteins) are used as examples. G proteins are important in signal
transduction. They act as molecular switches, changing conformation and interaction partners depending
on whether GTP or GDP is bound. Many diverse structures are known. The two main subsets are the small
monomeric G proteins, such as Ras, and the larger heterotrimeric G proteins, which act immediately
downstream of G-protein-coupled receptors. The & subunits of heterotrimeric G proteins are homologous
to the small G proteins.

On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:

uni x: chinmera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or

Rapid Access interface (it does not matter which, the following instructions will work with either). If you
like, resize the Chimera window by dragging its lower right corner.

Show the Command Line (Tools... General Controls... Command Line). Choose Favorites... Add to
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Favorites/Toolbar to place some icons on the toolbar. This opens the Preferences, set to Category:
Tools. In the On Toolbar column, check the boxes for:

. Model Panel (under General Controls) Match
. Side View (Viewing Controls) MO _
. MatchMaker (Structure Comparison) AN -=> Align

Match —> Align (Structure Comparison)

You can also specify tools such as the Command Line to Auto Start (start when Chimera is started). If you
want these settings to apply to subsequent uses of Chimera, click Save before closing the preferences.

Fetch a structure from the Protein Data Bank:

Command: open 1tad

The structure contains three copies of the « subunit of transducin, a heterotrimeric G protein. Delete
solvent and two of the copies, chains B and C:

Command-: del solvent
Command: del :.b-c

Move and scale the structures using the mouse and Side View as desired throughout the tutorial.

+ Different but Related Proteins

We will superimpose structures of a sample of G proteins, then create a sequence alignment from the
superposition.

The o subunit of the heterotrimeric G protein transducin was already opened in the setup. Fetch structures
for the monomeric G proteins H-Ras, Rab5a, and ADP-ribosylation factor 1, respectively:

Command: open 121p
Command: open 1r2q
Command: open 1j2j

Use the ribbons preset (which may or may not change the appearance, depending on your preference
settings):

Menu: Presets... Interactive 1 (ribbons)

This preset displays ribbons plus ions, ligands, and nearby sidechains.

+ Superposition superimposed G proteins
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The structures need to be superimposed so that
they can be compared. Start MatchMaker by

clicking its icon: ﬂ

MatchMaker superimposes structures pairwise
by first aligning their sequences and then fitting
the a-carbons of residues in the same columns
of the sequence alignment. Usually the fit is
iterated so that residue pairs aligned in
sequence but far apart in space are not used in
the final 3D match.

Several parameters control the sequence
alignment step:

. algorithm - Needleman-Wunsch (global;
default) or Smith-Waterman (local)

. scoring function -
o residue similarity matrix (default BLOSUM-62)
o whether secondary structure information should be used (default yes)
o weighting of the secondary structure and residue similarity terms (default 30% and 70%,

respectively)

o gap penalties

Click Reset to defaults (near the bottom of the dialog) to ensure that the default settings will be used. All
of the structures should already be chosen as the Structure(s) to match; keep that the same, but choose
1tad as the Reference and click Apply to match all the others to it.

The number of a-carbon pairs and RMSD in the final iteration of each pairwise fit are reported in the
Reply Log (in the menu under Favorites). However, simple visual inspection of the overall structures is
often the most useful indicator of success.

Another visual indicator is how well similar ligands superimpose. Show only residues classified as ligand,
and label them:

Command: show ligand
Command: rlab ligand

Each of these structures includes GTP or an analog of GTP in the binding site. However, some other
ligands were simply present in the crystallization solution and are not biologically relevant. GOL is glycerol
and can be removed:

Command.: del :gol
Command: —rlab

Try using different reference structures in MatchMaker (click a line in the Reference structure list, click
Apply). With the default alignment parameters, the superposition is similar and basically correct no matter
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which structure is used as the reference. Detailed examination of the match statistics and guanine
nucleotide positions suggests results may be slightly better with 1r2q as the reference.

Next, try a structure that is harder to superimpose, and display its ligand in the sphere representation:

Command: open 1puj

Menu: Presets... Interactive 1 (ribbons)
Command: show ligand

Command: repr sphere ligand & #4

Besides lacking sequence similarity, this protein is circularly permuted compared to the others: its N-
terminal part structurally matches the C-terminal part of other G proteins and vice versa.

In the MatchMaker dialog, change the Structure to match to only 1puj and try the others in turn as the
reference. Again, ligand positions can be used to help gauge the match.

Trials with the default alignment parameters are not successful. When proteins are very distantly related, it
may be useful to switch to a lower-number BLOSUM matrix and/or increase the proportion of secondary
structure scoring. Usually a range of parameters will give similar results. For example, with 121p as the
reference structure, 1puj can be superimposed as shown in the figure with any of BLOSUM 30-75 if
secondary structure weighting is raised to 90% and the Smith-Waterman algorithm is used (leaving other
settings as defaults). Keep in mind that when proteins are very distantly related, their backbones may
diverge even in the best possible superposition.

+ Structure-Based Sequence Alignment

When all five proteins are superimposed to your satisfaction, Cancel the MatchMaker dialog. We will
generate a structure-based alignment of the five sequences using Match —> Align; start that tool by

Match
clicking its icon: _I-*A”G"

Match —-> Align uses only the distances between o-carbons to create an alignment. Residue types and
how the structures were superimposed are not important. All of the A chains should already be chosen in
the dialog; the B chain of 1j2j is an unrelated peptide and should not be chosen. Use a cutoff of 5.0 A,
specify Residue aligned in column if within cutoff of [at least one other], and turn on Allow for
circular permutation. Click OK to start the calculation.

It may take a minute or two to create
the alignment; progress is reported in
the status line. When the calculation is
finished, the new alignment will be
displayed in Multalign Viewer and can
be saved to a file from that tool.

The output multiple sequence
alignment (example: 5gees.afa) shows

that 1puj was correctly recognized as a
circular permutation relative to the
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others. Match -> Align doubled its
sequence to allow C-terminal residues
(in the first copy of the sequence) to
appear before more N-terminal
residues (in the second copy) within the
alignment. The columns with residues
from all five structures are highlighted
as a region in light orange with dark
orange outline. Clicking the region will
select the corresponding parts of the
structures, in effect their common
cores. The alignment header named

“RMSD: ca” shows the spatial variation
per column (x-carbon root-mean-
square deviation) as a histogram.

Keep the sequence alignment, but close
most of the structures:

1. start the Model Panel by clicking its icon:

(o NN

Match -> Align (5 models)

File Edit Structure

Consensus
Consenvation
BMSD: ca
1tad, chain A
121p, chain A
1r2q, chain A 51
1j2j, chain A
2x1puj, chain A 144
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Conservation
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121 p, chain A
1r2q, chain A

1j2j, chain A
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( Quit ) ( Hide ) ( Help )

S

Moo
Bl

2. in the Model Panel, choose all of the models except 1tad on the left side and click the close
button on the right (not at the bottom of the dialog!)

3. Close the Model Panel

If Multalign Viewer (the sequence alignment window) is hidden behind other windows, it can be
resurrected by choosing MAV - alignment-name... Raise from near the bottom of the Tools menu. In

Multalign Viewer:

. choose Preferences... Appearance and adjust settings for Multiple alignments as desired

. use Info... Percent Identity to compare all sequences with all sequences, confirming that the
pairwise identities are <30% for these examples

. use Edit... Delete Sequences/Gaps to delete the sequence named 2 x 1puj, chain A and any

resulting all-gap columns

Now the alignment clearly shows the large insertion in ax-transducin (1tad) relative to the small
monomeric G proteins. Select and display residues that are completely conserved in the sequence

alignment:

Command.: sel :/mavPercentConserved=100

Command: disp sel

Some of the conserved residues are Gly (no sidechain). Clear the selection by Ctrl-clicking in an empty

area of the graphics window.

+ Different Conformations of the Same Protein

(To jump to this section right after performing the setup, open the sequence alignment file 4gees.afa

included with this tutorial.)
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Now we will compare 1tad with different structures of GTP-binding switch
the same protein, transducin-«:

(1tagA, 1tndA, morph intermediate)

Command: open 1tnd
Command: open 1tag

Delete solvent and chains B-C (extra copies in 1tag):

Command-: del solvent
Command: del :.b-c

If Multalign Viewer (the sequence alignment window) is
hidden, bring it to the front by choosing MAV -
alignment-name... Raise from near the bottom of the
Tools menu.

Multalign Viewer displays lines of information called headers above the sequences in the alignment. Use

the Headers menu to hide Consensus and Conservation and to show RMSD: ca, if not already shown.
The sequence name 1ltad, chain A has a dashed green line around it, indicating that the sequence is
associated with multiple structures. The RMSD header shows the spatial variability of residues associated
with each column (x-carbon root-mean-square deviation); currently, it contains high values everywhere
because the structures are not all superimposed.

To superimpose the structures using the sequence alignment, choose Structure... Match from the
Multalign Viewer menu. One structure (it does not matter which) should be designated as the reference,
and all three can be designated as the structures to match. Check the option to Iterate by pruning... using
a 2.0-A cutoff and click OK. The RMSD header is automatically recomputed, showing much lower values.

Superposition of proteins with the same or nearly the same sequence is generally trivial. We used
Multalign Viewer since we already had a sequence alignment, but MatchMaker (or its command
equivalent) or the command match could have been used instead. These other methods are used and
discussed in the Structure Analysis and Comparison tutorial.

Use the ribbons preset (which may or may not change the appearance, depending on your preference
settings) and focus on the ligand residues:

Command.: preset apply int 1
Command: focus ligand
Command: rlab ligand

Open the Model Panel and use the S(hown) checkboxes to view the structures individually.
The 1tad structure (tan) represents the activated form of a G protein; even though it includes GDP, the
GDP and ALF (AlF,4") residues together mimic the transition state of GTP hydrolysis. 1tnd (light blue)

contains the GTP analog GSP and also represents the activated form. The third structure, 1tag (purplish
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pink), includes GDP and represents the nonactivated form.

Use the Model Panel checkboxes to show all three structures together. Remove the labels and focus on
the overall structures:

Command: —rlab
Command: focus

Although the structures are mostly similar, the nonactive conformation (pink) differs from the activated
ones (tan and light blue) in specific areas, termed switch regions.

In the sequence alignment window, the three most prominent “humps” in the RMSD header correspond to
the known G protein switch regions at approximately residues 173-183, 195-215, and 227-238 of
transducin-«. The third switch region is unigue to heterotrimeric G proteins; it is an insertion relative to
the monomeric G proteins. Placing the cursor over a position in the 1tad sequence lists the associated
structure residues near the bottom of the sequence window, and drawing a box around residues in the
sequence alignment (click to start, drag to expand) selects the associated parts of the structures.

Close 1tad:
Command: close O

The RMSD histogram looks much the same; now it simply shows the CA-CA distances between the two
remaining structures, 1tnd representing the activated form and 1ltag representing the nonactivated form.

+ Morphing

Finally, morph between the two structures. Morphing involves calculating a series of intermediate
structures. In Chimera, the series of structures is treated as a trajectory that can be replayed, saved to a
coordinate file, or saved as a movie using MD Movie.

Start the morphing tool:

Command-: start Morph Conformations

Click Add... and in the resulting list of models, doubleclick to choose #2, #1, and #2 again, corresponding
to a morph trajectory from the nonactivated structure to the activated and back. Close the model list. In
the main Morph Conformations dialog, set the Action on Create to hide Conformations, and then click
Create.

The progress of the calculation is reported in the status line. When all the intermediate structures have

been calculated, the input structures are hidden, the trajectory is opened as model #0, and the MD Movie
tool appears.

The trajectory can be played continuously or one step at a time using the buttons on the tool. If the player
dialog becomes obscured by other windows, it can be resurrected by choosing MD Movie - trajectory-
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name... Raise from near the bottom of the Tools menu. If you want to see the original structures again,

use the S(hown) checkboxes in the Model Panel.

When you have finished viewing the morph trajectory, choose File... Quit from the menu to exit from
Chimera.

meng-at-cgl.ucsf.edu / May 2014
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Chimera Tutorials Index

Comparative Modeling
Tutorial

This tutorial includes running Blast
sequence search and Modeller
comparative modeling calculations

from Chimera. Internet connectivity is
required to fetch data and to access
Blast, Modeller, and other web
services. Although no software
installation (other than Chimera itself)
is needed to follow the tutorial,
Modeller use requires a license key.
Academic users can obtain a license
key free of charge by registering at

the Modeller website.

. Background and Caveats
Blast Search for Templates

. Verifying the Alignment
Running Modeller

+ Background and Caveats

target: d-opioid receptor
(5 comparative models)

template: p-opioid receptor

In comparative (homology) modeling, theoretical models of a protein are built using at least one known
related structure and a sequence alignment of the known and unknown structures. The protein to be
modeled is the target, and a related known structure used for modeling is a template.

The target in this tutorial is the human d-opioid receptor, a G-protein-coupled receptor (GPCR). GPCRs are
transmembrane proteins and have been relatively resistant to structure determination. Although recent
advances have allowed solving the structures of several members of this large and biomedically important
class of proteins (see the Protein Structure Initiative GPCR network), at the time of creating this tutorial

(May 2012), no structure was available for the d-opioid receptor.

Tutorial caveats:

. As database contents and web services are updated, the results of calculations are likely to differ
from what is described here. However, this tutorial is meant to illustrate the general process rather

than any specific result.

. This tutorial is not meant to indicate the optimal parameter settings for comparative modeling, as
these will vary depending on the system of interest and the information available at the time.
This tutorial describes only one of several equally valid approaches. For example, the sequence of
the target could be read from a FASTA file instead of fetched from the UniProt database.
Modeller quality scores were developed for globular (soluble) proteins and may be less effective
indicators of model quality for transmembrane proteins such as GPCRs.

YaXs

Delta-type opioid receptor
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+ Blast

Search for AL Blast anery

Templates cl PDE Evalue | Score| Resolution| Chain names E]
query Q 1]
380765131 4DEL_A  2e-B& 317 2.8 A Mu-type opioid receptor, lysozyme chimera SEE
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splash 2-161, UNP P41145 residues 362-358

screen will 2BBOG5576 3KI6_A  4e-24 110 1.4 A: Beta-2 adrenergic receptor
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In afec\iN b H: Fab heawy chain i
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instructions
will work with either).

Choose File... Fetch by ID from the menu and use the resulting dialog to fetch the sequence of the target,
the human d-opioid receptor: UniProt ID oprd_human. If you want to verify the ID before fetching, click
the Web Page button on the fetch dialog to see the corresponding page at UniProt. (One way to determine
the ID in the first place is by searching at the UniProt site.)

The sequence is displayed in Multalign Viewer, and its UniProt feature annotations listed in the Region
Browser. The S column checkboxes in the Region Browser can be used to show feature annotations as
colored boxes in the sequence window. Close the Region Browser; it can be accessed any time from the
sequence window Info menu.

The next step is to find a known protein structure suitable for use as a modeling template. We will use
Chimera's Blast Protein tool to search the Protein Data Bank (PDB; a database of known structures) for

sequences similar to the target. From the sequence window menu, choose Info... Blast Protein, click OK to
use oprd_human as the query, and OK again to perform the search using default settings, including pdb
as the database to search. Searching the pdb sequences should take only a few seconds. Searching the nr
database, which also contains a huge number of sequences without known structures, would take much
longer.

In the Blast results dialog, the hits are listed from best to worst. Click the Columns button to reveal several
checkboxes for controlling which columns of information are shown. Hide (uncheck) Description, then
show Resolution and Chain names. As shown in the figure, the two best hits are opioid receptors,
followed by several other types of GPCRs. One technique for GPCR structure determination is to express
the receptor as a fusion with some other protein that favors crystallization. The two best hits, PDB entries
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4DKL and 4DJH, contain structures of opioid receptors fused with lysozyme.

It is possible to use multiple templates, but we will use just 4DKL_A (PDB entry 4DKL, chain A). The Chain

names information says to “SEE REMARK 999,” which we will do after opening the structure. In the Blast
results dialog, click to highlight the corresponding row, then at the bottom of the dialog:

1. click Show in MAYV to display the query-hit sequence alignment from Blast in another Multalign
Viewer (MAV) window

2. click Load Structure to fetch 4DKL from the PDB and open it in Chimera

3. click Quit to dismiss the Blast results dialog

To see the “REMARK 999” lines in the PDB file of the structure:

. choose Favorites... Model Panel from the Chimera menu

. in the Model Panel, click attributes... to show the attributes of model 4DKL
. at the bottom of the attributes dialog, click PDB Headers...

. in the resulting dialog, scroll down to see the REMARK 999 lines:

REMARK 999

REMARK 999 SEQUENCE

REMARK 999 CHAIN A IS AN I NTERNAL FUSI ON OF LYSOZYME ( RESI DUES 2-161 OF UNP
REMARK 999 P00720) BETWEEN RESI DUES 52-263 AND RESI DUES 270- 352 OF MJ TYPE
REMARK 999 OPI O D RECEPTCOR (UNP P42866). AN OFFSET OF 1000 HAS BEEN ADDED TO
REMARK 999 LYSOZYME RESI DUE NUMBERS W THI N THE COCRDI NATES TO DI STI NGUI SH THAT
REMARK 999 PORTION OF CHAIN A, LYSOZYME RESI DUES ARE THEREFORE NUMBERED 1002-
REMARK 999 1161.

From this, we note:
o the p-opioid receptor portion has UniProt ID p42866 (equivalent to oprm_mouse)
o the lysozyme residues are numbered 1002-1161

. Close the headers dialog, attributes dialog, and Model Panel

Show the Chimera Command Line (for example, with Favorites...

Command Line), hide atoms, rainbow-color the ribbon, and make the
lysozyme portion dark:

Command. —display

Command: rainbow

Command: alias lyso :1002-1161
Command: color dim gray lyso

GPCRs have an extracellular N-terminus, seven transmembrane
helices, and an intracellular C-terminus. Visually tracing the structure
from N-terminus (blue) to C-terminus (red) reveals that lysozyme is
inserted between the fifth and sixth transmembrane helices, in the
third intracellular loop.
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+ Verifying the Alignment

Comparative modeling requires a template structure and a target-template sequence alignment. The
sequence alignment is important; it controls which residues in the template are used to model which
residues in the target, and any inaccuracies in the alignment will result in the application of incorrect
constraints during 3D modeling. Regardless of how the sequence alignment was obtained, it should be
examined and adjusted as needed before initiating the more computationally intensive 3D modeling

calculations.

An alignment
was
generated
above as a by-
product of the
Blast
similarity
search.
However,
Blast is meant
to identify
local
similarities
quickly rather
than to give
accurate full-
length
alignments.
View the Blast
alignment to
see if it looks
reasonable.

In general, if

(o NN MultAlignViewer
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=] &1 M 81 o
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a Chimera window or dialog is obscured by other windows, it can be accessed using its instance near the

bottom of the Tools menu, or from the Active Dialogs section of the Rapid Access interface (itself shown
by clicking the lightning bolt icon near the bottom of the main Chimera window).

Use the sequence window Headers menu to hide the Consensus and Conservation lines, then scroll or
resize the window to show the whole alignment. A large part of the query (target) sequence is not aligned.
To understand what happened, try coloring the structure sequence to match the ribbon display: from the
sequence window menu, choose Preferences... Appearance and in the resulting dialog, change the
multiple alignments Color scheme to ribbon. As shown in the figure, the coloring reveals that the
alignment includes the first five transmembrane helices but cuts off in the lysozyme insertion. The rest of
the structure sequence is omitted, leaving the rest of the query unaligned.

Thus the alignment from Blast is not adequate for modeling purposes, and the target-template sequence
alignment must be generated in some other way. Click Quit to close the sequence alignment from Blast.

To generate the target-template sequence alignment, we will return to the original oprd_human (target)
sequence and use the Needleman-Wunsch global alignment algorithm to add the sequence of the p-opioid
receptor (template). If the sequence window was closed, not to worry, the target sequence can be fetched
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again as described above or using a command:

Command: open uniprot.oprd_human

From the sequence window menu, choose Edit... Add Sequence. The resulting dialog contains tabs for

different ways of obtaining the sequence.

In similar situations, it would usually be fine to add the template sequence From Structure. However, in
this special case of a chimeric template protein, the structure sequence includes residues from another

protein (lysozyme) that should not be in the alignment. Even deleting the residues from the structure, as
will be done below, does not remove them from the structure sequence.

Instead, use the From UniProt tab and add ID p42866 (noted above for the p-opioid receptor part of the
structure) using default alignment parameters. The Region Browser will appear and can be closed.

Delete the
lysozyme part
of the
template
structure
since only the
p-opioid
receptor part
is useful for
modeling the
d-opioid
receptor:

Delta-type opicid receptor
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A

Command: delete lyso

The template structure still needs to be associated with the corresponding sequence in the alignment.
Often sequences and structures will associate automatically, but in this case it is necessary to do it
manually: from the sequence window menu, choose Structure... Associations and associate the structure
4DKL with the sequence p42866.

In the sequence window, the association is indicated with a tan box around the sequence name (tan is the
default color of the structure). Red outline boxes enclose residues that are in the sequence but not in the
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associated structure. There are quite a few missing residues: stretches at both ends and a few in the third
intracellular loop, which had been partly replaced by lysozyme. However, the residues that are present in
the template structure, including all seven transmembrane helices, are well-aligned with the target.

If you find the sequence coloring difficult to view, it can be changed to some other scheme (such as all
black) using Preferences... Appearance in the sequence window menu. This also allows changing
sequence wrapping, font size, etc. Coloring the sequence to match the structure ribbon is only one of
several approaches for sequence-structure mapping. For example:

highlighting residues in the sequence with the mouse selects them in the structure
. selecting residues in the structure highlights them in the sequence (green boxes)

. structure helix and strand assignments can be shown on the sequence with Structure... Secondary
Structure... show actual

< Running Modeller

From the sequence window menu, choose Structure... Modeller
(homology) to open the Chimera interface to comparative modeling with
Modeller. The target should be set to oprd_human. Click p42866 in the
dialog to choose it as the template.

Click the Advanced Options button to reveal additional settings. Run
Modeller via web service indicates using a web service hosted by the
UCSF RBVI. No local installation is required to run the web service, but it

is necessary to enter a Modeller license key, available free of charge to
academic users upon reqgistration at the Modeller website. After entering

the license key, click OK to launch the calculation with default settings.
Five comparative models will be generated.

The Modeller run may take several minutes and is handled as a

L . . . A ™ ™ Modeller Result
background task. Clicking the information icon o near the bottom of —r—

the Chimera window will bring up the Task Panel, in which the job can

Columns Fetch Scores

be canceled if desired. »  Treatment of Chosen Models
Model| GA341| zDOPE
When the five models have been generated, they will be opened in #11 1.00 0.57
Chimera and their evaluation scores shown in a Model List dialog. The #1.2 1.00 0.58
.55

.47
.62

[ N e e Y s

1

1
models can be viewed individually or collectively by choosing rows in the || #1.3  1.00
dialog with the mouse. The different scores from Modeller use different ﬁ;’ igg
criteria and will not necessarily agree on which models are best: : :

 Hide ) (" Quit ) ( Help )

. GA341 - model score derived from statistical potentials; a value > 0.7 generally indicates a reliable
model, >95% probability of having the correct fold

. zDOPE - normalized Discrete Optimized Protein Energy (DOPE), an atomic distance-dependent
statistical score; negative values indicate better models

Although Modeller scores were developed for globular proteins and thus have limited applicability to the
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transmembrane protein in this tutorial, another reason for the poor (positive) zDOPE scores is that the

termini extend far beyond the template structure and cannot be modeled reliably. Displaying all the

models at once shows little conformational variability except in the termini, and to a lesser extent, the
untemplated part of the third intracellular loop. This conclusion is reinforced by the RMSD histogram in
the sequence window, where bar heights indicate root-mean-square distances among the x-carbons of

the residues associated with a column.

Although there is also a Chimera interface to Modeller for untemplated
building and refinement, in this tutorial we will simply remove the termini
and rescore the models.

Click into the sequence window, then move the cursor over the residues
to see the corresponding structure residue numbers near the bottom of
the window. In the comparative models (#1.1-5), Leu-46 is aligned with
the first residue in the template structure and Arg-334 is aligned with
the last residue in the template structure. Delete the termini in the
comparative models that extend beyond the template:

Command.: del #1:start-45,335-end

To rescore the models, choose Fetch Scores... zDOPE and Estimated
RMSD/Overlap from the Model List menu. Rescoring uses a web service
provided by the Sali lab at UCSF. After a minute or few, more favorable
zDOPE values are obtained, along with the additional scores:

. Estimated RMSD - TSVMod-predicted Cx root-mean-square
deviation (RMSD) of the model from the native structure

. Estimated Overlap (3.5 A) - TSVMod-predicted native overlap
(3.5 A), fraction of Cax atoms in the model within 3.5 A of the
corresponding atoms in the native structure after rigid-body
superposition

(NaNe! Modeller Results
Columns Fetch Scores
»  Treatment of Chosen Models

, Estimated
Model| GA341| zDOPE| 32t Overlap

(3.5A)

#1.1 1.00 =-0.20 6.931 0.739
#1.2 1.00 -0.24 5.542 0.774
#1.3 1.00 -0.22 6.743 0.764
#1.4 1.00 -0.29 7.065 0.700
#1.5 1.00 -0.17 7.572 0.763

(" Hide ) ( Quit ) { Help )

A

The comparative models are atomically detailed and can be subjected to various analyses in Chimera. In
the figure, the model with the best (lowest) estimated RMSD score is shown as spheres colored by amino

acid hydrophobicity, from dodger blue for the most hydrophilic to white to orange red for the most
hydrophobic (see color names). The Model List dialog was used to show only this model of the five, then
the following commands were used to hide the template and adjust the model's appearance:

Command: ~modeldisp #0
Command. disp
Command: —ribbon

Command: rangecol kdHydrophobicity min dodger blue mid white max orange red

Command: preset apply pub 1
Command: repr sphere

meng-at-cgl.ucsf.edu / April 2014
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The Model Panel and Ensembles Tutorial

This tutorial focuses on using the Model Panel and handling ensembles of structures (such as those
determined by NMR).

We will view solution structures of a toxin that binds to sodium channels. Separate ensembles were
determined for cis- and trans-proline conformations of this toxin:

NMR solution structures of d-conotoxin EVIA from Conus ermineus that selectively acts on
vertebrate neuronal Na+ channels. Volpon L, Lamthanh H, Barbier J, Gilles N, Molgé J,
Ménez A, Lancelin JM. J Biol Chem. 2004 May 14;279(20):21356-66.

On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:

uni X: chinmera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or
Rapid Access interface (it does not matter which, the following instructions will work with either). If you
like, resize the Chimera window by dragging its lower right corner. Show the Command Line by choosing
Tools... General Controls... Command Line from the menu.

If you have internet connectivity, structures can be obtained directly from the Protein Data Bank:

Command: open 1glp
Command: open 1glz

If you do not have internet connectivity, you can download the files 1glp.pdb.gz and 1glz.pdb.gz into

your working directory and then open them in that order as local files (with File... Open). It is not
necessary to uncompress the files.

Use the ribbons preset:

Menu: Presets... Interactive 1 (ribbons)

This may or may not change the appearance, depending on your preference settings.

Rotate, translate, and scale the structures as desired throughout the tutorial. There are several ways to

start tools, including from the menu or with a command. Open the Model Panel:

Command: start Model Panel

The Model Panel lists models on the left and functions on the right.
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A file of coordinates opened in Chimera becomes a model with an associated ID number and model color.

Some PDB files are further subdivided into multiple structures designated with MODEL and ENDVDL records;
these are assigned submodel numbers. Since each structure can be handled independently, the general
term “model” can refer to a submodel as well as a model that is not subdivided.

Each of these PDB files is an NMR ensemble of several structures (submodels). At first, the submodels in a
model are collapsed into a single row. Expand the listing to individual submodels:

1. choose one model by clicking its ID or name in the left side of the panel
2. click the group/ungroup function button on the right

Repeat the process for the other model. 1glp
(trans-proline conformations, white) has been
opened as models 0.1-0.18 and 1g1z (cis-
proline conformations, magenta) as models 1.1-
1.18.

By default, the list of functions on the right side

of the Model Panel includes only those
classified as favorites. If you do not see some
function that is mentioned, try changing from
favorites to all functions using the checkbutton
below the list.

Scroll down the list of models in the left side of

= NN Model Panel

o | |Als |Name J select

0.15 =& 4 191p , selectsn;::nfs}... )
0.16 | M 191p ST pe—
0.17 7|4 M4 191p E] show only <
0.18 7 [ & 1915 " toggleactive D
1.1 [+ B4 1glz ‘_ transform as... : .
1.2 |k b4 1912 . write PDB )=
1.3 b B4 1912 ) favorites () all

" Configure.

L LT b’
. )| Close ) Help

the Model Panel and choose model 1.2. Try various functions:

show only - hide the other models
show all atoms - display all atoms

select - select the entire model for further operations

By default, ribbons suppress backbone atom display. Hide the ribbon to reveal the backbone atoms:

Menu: Actions... Ribbon... hide

Select and delete hydrogens in all models:

Menu: Select... Chemistry... element... H
Menu: Actions... Atoms/Bonds... delete

When atoms might be needed later, hide should be used instead of delete.

Back to the Model Panel:

sequence... (it may be necessary to change from favorites to all to see this function in the
Model Panel) opens a sequence window for the model. Two very short B-strands (positions
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24-25 and 29-30) are highlighted in light green. Placing the mouse cursor over a residue in
the sequence shows the corresponding structure residue number at the bottom of the
sequence window. The B-strand locations were read from the input file along with the
coordinates. Highlight a string of residues in the sequence with the mouse and see how

they become selected in the structure. Quit from the sequence window, then act on the
selection with the menu: Actions... Color... orange

Clear the selection (Ctrl-click in an empty area of the graphics window) and go back to showing only
ribbons:

Menu: Presets... Interactive 1 (ribbons)

Note the orange coloring is gone; interactive presets reset the coloring, whereas publication presets do
not adjust colors, aside from making the background white.

The ribbon shows the B-strands as arrows. Although the input file specifies the strand locations as 24-25
and 29-30, the paper describes three B-strands, comprised of residues 8-10, 23-26, and 28-31. Such
differences are common because secondary structure assignments are method- and parameter-
dependent. Secondary structure assignments could be recomputed with ksdssp, but if the desired
assignments are already known, it is much more efficient to change them directly:

Command: setattr r isStrand true :8-10,23-26,28-31

This command assigns values of the residue attribute named isStrand. In this case, it is not necessary to
set isStrand (or isHelix) to false for any residues, since the original strand residues are still in strands and
none of the new strand residues were in x-helices. Secondary structure assignments can also be changed
by selecting residues and using the Selection Inspector.

The strands can be emphasized with color:

Command: color blue #1.2
Command: color yellow #1.2 & strand

(For those who prefer a graphical interface, there is also a Color Secondary Structure tool and associated
color by SS function in the Model Panel.)

In the Model Panel, the S (Shown) checkboxes toggle model display without changing the display settings
of individual atoms, bonds, and ribbon segments.

uncheck the S box for model 1.2

check the S box for model 1.2

The modeldisplay command does the same thing. Show all of the models:

Command: modeldisp
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The A (Active) checkboxes in the Model Panel control what can be moved:

uncheck the A box for model 1.2 and try moving the structures with the mouse; now only
the other models can be rotated and translated

check the A box for model 1.2 and try moving the structures again

Reset to the original model positions:

Command: reset

We will use Ensemble Cluster to cluster each ensemble and identify representative structures, then
Ensemble Match to compare the representatives.

Start Ensemble Cluster (under Tools... MD/Ensemble Analysis) and choose 1gl1p as the ensemble to

cluster. Leave the Parts to Match blank to use all atoms and click OK. Results are shown in a cluster list
dialog; three clusters were found. In that dialog,

if options are not shown under Treatment of Chosen Clusters, click the black arrowhead
to reveal them

set the treatment options to Color [all members] and Choose [representatives] in Model
Panel

choose all three cluster lines in the dialog with the mouse

Now the submodels of 1glp (#0) are shown in three different colors for the three clusters, and only the
three cluster representatives are chosen in the left side of the Model Panel. In the right side of the Model
Panel, click show only to hide all models except those three representatives. Quit from the cluster dialog,
then delete the undisplayed members of the 1g1p ensemble:

Command: delete #0/!display

This command deletes models with ID number O and model display turned off.

Start Ensemble Cluster again and cluster 1g1z using all atoms. This time, four clusters are found.
Keeping the treatment settings the same as used before, choose just the two clusters with more than one
structure, and again click show only in the Model Panel. Quit from the cluster dialog and delete the
undisplayed members of the 1glz ensemble:

Command: delete #1/!display

In the left side of the Model Panel, drag with the mouse to choose all five remaining models. Use Model
Panel functions to show them, assign them unique colors, and spread them out into a plane:

show - show all five models
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rainbow... click OK to rainbow-color the models using default settings
tile... click OK to spread the models out into a plane

Finally, compare the structures with Ensemble Match (under Tools... MD/Ensemble Analysis). Choose
one ensemble as the reference and the other as the alternative. For Parts to Match just specify the
backbone atoms:

@n,ca,c,0

Click OK to calculate the matches. Results are F Y e Erserablsbisich
shown as a 3 x 2 (or 2 x 3) table with entries :
for all pairwise comparisons between the #1.1 #1.9
ensembles. The A and D buttons control model MaMmpD E MaMmDp E
activation for motion and model display,
respectively. The numbers in the table are woMAMD &R 12O 3828 O 2131
pairwise RMSDs using the atoms that were
specified as Parts to Match. o a W \

s010MAaMD|ED 22 O 257 @ 2128
The structures are not yet superimposed. oA a & " =
Clicking a button next to an RMSD value #0.11 MAMD @ *‘% ®  239% = 3.065
performs the corresponding match and reports . S — o — 2 .
in the status line the number of atom pairs _Save... Hide )| Quit Help

used. Superimpose each cis-proline conformation in model 1 on the most similar (lowest-RMSD) trans-
proline conformation in model O.

In this case, cis and trans refer to the peptide bond between leucine-12 and proline-13. Display these
residues as ball-and-stick:

Command.: disp :12-13
Command: repr bs

The proline rings look somewhat distorted, especially in the cis-proline structures (currently red and
yellow). By default, the ribbon path is a smoothed B-spline that does not pass exactly through the true
positions of the backbone atoms. Bonds to backbone atoms are drawn to the ribbon and thus may appear
to be stretched. Try a cardinal spline instead, which gives a messier-looking ribbon but follows the
backbone atom positions more closely, even when some smoothing is applied:

Command. ribspline cardinal
Command: ribsp card smooth strand

To return to the default B-spline ribbon:

Command- ribsp bspline

When finished viewing the structures, choose File... Quit from the menu to exit from Chimera.
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Trajectory and Ensemble Analysis Tutorial

This tutorial focuses on visualization and analysis of molecular dynamics (MD) trajectories and other structural
ensembles with the MD Movie tool. Part 1 uses an MD trajectory of a collagen peptide, and Part 2 uses an NMR
ensemble of Met-enkephalin.

Part 1 - Collagen Peptide

We will view an MD trajectory of the nonmutant

collagen peptide described in: C{:}| IagEI‘I pep“de

™

Severity of osteogenesis imperfecta and
structure of a collagen-like peptide modeling
a lethal mutation site. Radmer RJ, Klein TE.
Biochemistry. 2004 May 11;43(18):5314-23.

(Thanks to the authors for providing the data!) To
follow along, download the data files:

frame 45

leap.top - Amber parameter/topology file
md01.crd - Amber trajectory file
. collagen.meta - metafile specifying these input files for MD Movie

On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:

uni x: chinera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or Rapid

Access interface (it does not matter which, the following instructions will work with either). If you like, resize
the Chimera window by dragging its lower right corner.

Show the Command Line (Tools... General Controls... Command Line) and start MD Movie (Tools... MD/
Ensemble Analysis... MD Movie). In the resulting dialog, the inputs can be specified in two different ways:

by setting the Trajectory format to Amber and browsing to the Prmtop file leap.top and the Trajectory
file mdO1.crd
by setting the Trajectory format to metafile and browsing to the file collagen.meta (it must be in the

same directory or folder as the other two files). It contains the following lines, which simply specify the
options and filenames that would otherwise be entered into the dialog:

anber
| eap. top
ndOl. crd
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Once the inputs have been specified, click OK. The first set of coordinates will be displayed and the MD Movie
controller will appear. If the controller becomes obscured by other windows, it can be raised using its instance

in the Tools menu (near the bottom of the menu, below the horizontal line).

Apply interactive preset #2 to display all atoms with heteroatom color-coding, hide hydrogens on carbons
(atom type HC), and change to the stick representation:

Command.: preset apply int 2
Command: —disp HC
Command: repr stick

Show the backbone as ribbons instead of atoms, and change from the default B-spline ribbon to cardinal spline,
which more closely follows the a-carbon positions:

Command: ribbon
Command: ribspline cardinal

Move and scale the structure as desired throughout the tutorial. The structure contains three chains. Each chain
is in a left-handed polyproline Il helix conformation, and together the chains form the right-handed triple helix
characteristic of fibrillar collagen. The ribbons are narrow like spaghetti because the peptides are not in a
standard a-helix or f-strand conformation.

Use the MD Movie controller to play the trajectory. From left to right, the buttons MD Movie
mean: play backward continuously; go back one step; stop; go forward one step; controller buttons
and play forward continuously. The rate of continuous play can be adjusted with the
Playback speed slider. The Frame number is reported and can also be entered 4 | | | | | | g | > |

directly to view a specific frame. Frame number and Step size changes take effect
when return (Enter) is pressed.

Show the amino acid sequence with Tools... Sequence... Sequence (pick any one of the three chains). Fibrillar
collagen typically contains many -Gly-X-Y- repeats, where X is often Pro (proline) and Y is often Hyp
(hydroxyproline). Both Pro and Hyp are shown as P in the sequence panel. Selecting residues highlights both the
sequences and the structures:

Command: sel :gly
Command: sel :pro
Command: sel :hyp

Quit from the sequence panel.

It may be useful to hold certain atoms steady during trajectory playback. For example, hold Glu-86 steady to
view its interactions:

Command-: sel :86

(from the MD Movie controller menu) Actions... Hold selection steady
Command: color magenta sel

Command: —sel

Even though it is no longer selected, residue 86 will be held steady during playback (as possible; there will still
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be internal motions) until Hold selection steady with a different selection or Stop holding steady is used. The
structure can still be moved with the mouse, however. Try playing the trajectory with residue 86 held steady
and then without holding any atoms steady (from the controller menu, choose Actions... Stop holding steady).

We will create a short movie of several frames in the trajectory. The following procedure is just one example;
there are many possibilities of what to show, how to show it, whether to use a script, and so on.

Adjust the Chimera window to the dimensions desired for the movie. Turn off the ribbon to reveal the backbone
atoms:

Command: —ribbon

Use 2D Labels (Tools... Utilities... 2D Labels) to add a title. When Use mouse for label placement is checked,
the left mouse button (button 1) is reassigned to labeling: clicking starts a new 2D label and previously created
2D labels can be repositioned by dragging. Click in the Chimera window where you would like to start a title
and type in the title text; drag the text if you want to reposition it. Adjust the Font size, Font style, and Color
(click the color well, use the Color Editor) to your liking. Unchecking Use mouse for label placement returns
the left mouse button to its previous function (by default, rotation).

Create another 2D label, this time using the 2dlabels command so that the label will have a name:

Command: 2dlabels create mylabel text temp

This label will be used to display the frame number. In the 2D Labels dialog, make sure that Use mouse for
label placement is checked, then drag the temporary text to near the lower left corner of the Chimera window.
Adjust the settings of that label to your liking, then Close the 2D Labels dialog.

Next, define a script to execute at each frame. Halt any playback. From the MD Movie controller menu, choose
Per-Frame... Define script. Enter a script to be interpreted as Chimera commands:

findhbond linewidth 2 color yellow
2dlabels change mylabel text "frame <FRAME=>"

Uncheck the option to Use leading zeroes... This script will calculate the hydrogen bonds in each frame, show
them as yellow lines, and display the current frame number in the label named mylabel. Click OK to dismiss the
dialog with the script. Play a few steps by clicking the button to go forward or backward one step at a time. The
number and arrangement of H-bonds vary somewhat from step to step. (Although the number of H-bonds
cannot be accessed in Chimera commands, a Python script could be used to display this information. For
example, hbcount.py would show the H-bond count instead of the frame number in mylabel.)

Finally, record a movie. Halt any playback, but move the Playback speed slider all the way to the right. From

the controller menu, choose File... Record movie. If a dialog with an MPEG license agreement appears, click
Accept since the movie will not be used for commercial purposes. In the dialog for recording,

. specify a convenient name and location for the output movie file

. choose a File type you will be able to play back on your computer (the choices are MPEG-1, MPEG-2,
MPEG-4, AVI MSMPEG-4v2, and Quicktime)

. change the Ending frame to 25

. click Record
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Frames 1-25 will then be played, saved as images, and automatically assembled into a movie file. View the
resulting 1-second movie with the appropriate application on your computer.

Click Quit on the controller to close the trajectory and exit from MD Movie. An easy way to delete all of the 2D
labels is with File... Close Session. Go on to Part 2 below, OR terminate the Chimera session:

Command.: stop

Part 2 — Met-Enkephalin
We will view an NMR ensemble of Met-enkephalin in negatively charged bicelles, as described in:
A multidimensional 1H NMR investigation of the conformation of methionine-enkephalin in fast-

tumbling bicelles. Marcotte |, Separovic F, Auger M, Gagné SM. Biophys J. 2004 Mar;86(3):1587-
600.

To follow along, download the data file 1plx.pdb.

With Chimera started and the Command Line shown (as in Part 1), choose Tools... MD/Ensemble Analysis...

MD Movie. In the resulting dialog, choose PDB as the Trajectory format and indicate that the frames are
contained in a single file. Browse to the file 1plx.pdb, set the input location, and then click OK.

The first set of coordinates will be displayed and the MD Movie controller will appear. If the controller becomes
obscured by other windows, it can be raised using its instance in the Tools menu (near the bottom of the menu,
below the horizontal line).

Use a preset to show the structure as sticks color-coded by heteroatom:

Command: preset apply int 1

(The structure may have been shown that way already, depending on your preference settings.) Only the polar
hydrogens are shown; hydrogens on carbons are present but undisplayed. Move and scale the structure as

desired throughout the tutorial.

This structure is Met-enkephalin, with the sequence Tyr-Gly-Gly-Phe-Met. Enkephalins are neuropeptides that
activate opioid receptors. Different subtypes of opioid receptors mediate different but overlapping responses in
the body. For example, molecules that selectively activate p-opioid receptors are more effective for treating
severe pain than molecules that selectively activate d-opioid receptors, but are also more likely to cause
constipation. The conformations of molecules that bind opioid receptors (enkephalins, morphine, etc.) are of
interest because they influence the selectivity of receptor binding and thus the physiological response.

Use the MD Movie controller to flip through the different conformations, as described above. The frames do
not reflect time ordering, as this is an NMR ensemble rather than a trajectory.

It is thought (see the reference) that a conformation of enkephalin in which the Tyr and Phe rings point in
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different directions (like frames 1 and 25) binds to p-opioid receptors, and a conformation in which they point
in roughly the same direction (like frames 2 and 80) binds to d-opioid receptors.

One way to analyze the ensemble is to calculate root- [ & = = 0.7-2.2 RMSD Map

mean-square deviations (RMSDs) between pairs of RMED

frames. From the controller menu, choose Analysis...
RMSD map. Click Apply on the RMSD parameters dialog
to perform the calculation without closing the dialog.
This will compute all pairwise RMSDs between frames
and show the result as a map in grayscale. After the
initial calculation, the map will be recolored to enhance
contrast.

In the RMSD map, the axes are frame numbers; lighter 0
squares reflect pairs of frames with lower RMSDs (more
similar structures) and darker squares reflect pairs of
frames with higher RMSDs (less similar structures).
Mousing over the map shows the RMSD values and the
numbers of the frames being compared. Clicking on the
map enters the corresponding pair of Frame numbers
below the map. Clicking Go then displays that frame in
the main Chimera window.

20

Roughly, the lower left block of white in the map
represents conformations more similar to to a p-binding
conformation, and the upper right block of white

represents conformations more similar to a d-binding :
conformation. Similar conformations are mostly grouped "ﬁ" O Q|+ L=l E
together in this ensemble, but will not necessarily be
grouped together in ensembles in general. Also,
ensembles usually contain many more groups of
conformations, especially for larger structures with more S REDe) o) CHelp

Frarme |31 et Frarme |51 et

degrees of freedom.

All nonhydrogen atoms were used in the RMSD calculation, because although the parameter Restrict map to
current selection, if any was set to true, nothing was selected. Select the backbone atoms,

Command: sel @n,ca,c,0

and this time click OK to dismiss the RMSD parameters dialog and perform the calculation. Although the two
maps span different ranges in RMSD, they reveal essentially the same groups of conformations. Close both
maps.

Another way to analyze the ensemble is to calculate spatial occupancy maps for atoms of interest. From the

controller menu, choose Analysis... Calculate occupancy. The resulting dialog will show the warning message
“No atoms being held steady.” This means you have not previously selected a set of atoms and chosen

Actions... Hold selection steady from the controller menu for this ensemble.

Why might it be useful to hold atoms steady while calculating occupancy? The contents of different frames may
move around enough to obscure certain spatial patterns. Even if the structure as a whole is held fairly steady,
one may want to hold a particular set of atoms (such as a sidechain) steady to examine local interactions.
However, if the structure or region of interest is already sufficiently steady, the “hold steady” step can be
omitted.
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One approach to analyzing the relative positions of the aromatic rings is to hold the Phe ring atoms steady and
map the occupancy of the Tyr ring atoms:

1. Select the six Phe ring atoms. One way is to pick them from the screen (Ctrl-click on one, Shift-Ctrl-
click on each of the other five). Another way is with a command:

Command.: sel :phe & aromatic ring

2. Choose Actions... Hold selection steady from the controller menu.
3. Select the six Tyr ring atoms, by picking or with a command:

Command: sel :tyr & aromatic ring

4. If the occupancy dialog is not already up, choose Analysis... Calculate occupancy from the controller
menu.

5. Click OK on the occupancy dialog.

When the map has been computed,
the Volume Viewer tool will appear.
This tool shows a histogram of the
values in the map; the slider controls
what contour level is displayed.

frame 1 (p-type) frame 2 (d-type)

Clear the selection in Chimera
(Select... Clear Selection). In the
Volume Viewer tool, change the Style
from surface to mesh and move the
slider to a Level of approximately 2.
Optionally, change the color of the
mesh surface by clicking the color well
below the histogram and using the
Color Editor.

You will see two main blobs or
volumes representing probable
positions of the Tyr ring relative to the
Phe ring, similar to the upper set of
images at right. The larger volume
represents p-type conformations and
the smaller represents d-type
conformations.

For the images, the mesh lines were smoothed and their thickness increased. This can be done by choosing
Features... Surface and Mesh options from the Volume Viewer menu and using the resulting settings in the
dialog (see the Volume Viewer documentation for details on its many features), or by using the volume
command.

If desired, flip through the ensemble (still holding the Phe ring steady) to verify that the volumes show areas

occupied by the Tyr ring. To delete the volume display, choose File... Close map from the Volume Viewer
menu.
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Finally, calculate a map without holding any atoms steady. Choose Actions... Stop holding steady from the
controller menu. Since this ensemble maintains the Tyr ring in roughly the same place, simply map the
occupancy of the Phe ring atoms. Select the Phe ring atoms (as above), choose Analysis... Calculate occupancy,
and click OK. This time, the conformations are not as well separated; two lobes of occupancy are apparent at a
contour level of approximately 2, similar to the lower set of images. One lobe represents p-type conformations
and the other represents d-type conformations.

When finished with the Met-enkephalin ensemble, quit from Chimera (File... Quit).

meng-at-cgl.ucsf.edu / January 2012
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ViewDock Tutorial

Given the structures of ligand and receptor molecules, docking programs calculate possible binding modes. In
virtual screening, small organic compounds (typically from a database of many thousands) are treated as
possible ligands, and a target macromolecule is treated as the receptor. Various scoring methods are used to
identify the most favorable binding modes of a given compound and then to rank the compounds. Researchers
then screen the results interactively to decide which compounds should be tested in the real world.

The ViewDock tool facilitates interactive analysis of receptor-ligand docking results. This tutorial uses the
results of searching a very small database against H-ras (Protein Data Bank entry 121P) with the program DOCK.

To follow along with the tutorial, first download the following files to a convenient location (all should be placed
in the same folder or directory):

. ras.mol2 - the docked molecules output by DOCK 4, in Mol2 format
. receptor.pdb - the structure of the receptor, H-ras, from PDB entry 121p
. GCP.pdb - the co-crystallized ligand GCP (a GTP analog) from PDB entry 121p, for comparison with

docked molecules
. setup.com - a file containing commands to set up the viewing context

On Windows/Mac, click the chimera icon; on UNIX, start Chimera from the system prompt:

uni x: chinera

A splash screen will appear, to be replaced in a few seconds by the main Chimera graphics window or Rapid

Access interface (it does not matter which, the following instructions will work with either). If you like, resize
the Chimera window by dragging its lower right corner.

Start ViewDock (Tools... Surface/Binding Analysis... ViewDock), and with the resulting dialog, locate and open
ras.mol2, the file of docked ligands.

The ViewDock ListBox will appear, and the
first ligand in the file will be displayed in the
graphics window. Move the ListBox aside if it
is obstructing the graphics window or any of
the other tools.

Next, we will open the structures of the
receptor and its co-crystallized ligand and
display them in a way that is convenient for
evaluating the docked molecules. Often many
different files of docked molecules will need to
be evaluated in the context of the same
receptor. It can be tedious to set up the same
view over and over. One approach is to save a
session with the target protein displayed as

desired, and then repeatedly restart that
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session before opening different files of

- : : ™ M X ViewDock = fusrflocal/src/stafff meng/chistuff/viewdock;
docked ligands with ViewDock. Another

approach (used in this tutorial) is to put the Eile Compounds Cglumn Selection Chimera HBonds Moavie
necessary commands in a file and simply Y
execute the command file as needed. S | Mumber| Name |
v 1 test_22
) ) v 2 test_27 ||
The command file (setup.com) contains: v 3 test_10
v 4 test_19
W 5 test_28
open receptor. pdb 1.r i e _[H
open CCP. pdb v 7 l:e:tt:m
preset apply interactive 1 " 8 tast 07
col or aquanarine #1 " 9 test_26 |/
disp #1 & #0 z<5 himera Model #2.1
col or orange,a #1@= FEEFFFFEEF Wumber v 1
; — FEERFFFERE Source pom ;22
col or nmedi um bl ue, a #1@= Hans . teat_22
col or magenta #2 srzeppresy Description : ribose-moncphosphate
bs #2 sreessress Reflect ;0
repr_bs Faezpzasss Energy score : -42. 64
rpggFrsegs  intermoleculsr wan der Wamls -21.10
FEFFFFFEE®  intsrmolecular electrostatic =21.54
Simply opening a command file will execute Frreprzyes BMSD from input orientation (&) : 40, 86
its contents. Choose File... Open, make sure Change Compound State
the file type is all (guess type) or Chimera # Viabla e Deleted we Purged

commands, and locate and open setup.com.
Hide | Quit | Hep |

The lowest available model number is used for
each successive structure opened, so the docked molecules (opened before the command file) are model
number O, the receptor is model 1, and GCP is model 2. Besides opening structures, the command file applies a
ribbon/sticks preset, colors the receptor aquamarine, and displays receptor residues within 5 A of any docked
molecule. Oxygen atoms in the receptor are colored orange, nitrogens medium blue. The co-crystallized ligand
GCP is shown in magenta ball-and-stick.

Throughout the tutorial, adjust the view as desired with the mouse and Side View (Tools... Viewing Controls...
Side View).

The co-crystallized ligand GCP (shown in magenta) indicates the location of the active site. Ctrl-click to select
any atom in GCP, press the keyboard up arrow to promote the selection to the whole residue, and then hide it:

Menu: Actions... Atoms/Bonds... hide
Menu: Select... Clear Selection

The docked compounds are enumerated in the top part of the ViewDock ListBox. If the ListBox has become
obscured by other windows, it can be resurrected with Tools... ViewDock (near the bottom of the menu, below
the horizontal line)... Raise. Since in this case Name is not very informative, it may be helpful to add other
descriptors to the listing. Use the Column menu to show Description and Energy score, and to hide Name and
Number.

Clicking on a line chooses the corresponding compound: the line is highlighted, just the chosen compound is
shown in the main graphics window, and more detailed information is shown in the lower part of the ListBox.
Try clicking various lines in the ListBox to choose different docked molecules. Multiple compounds may be
chosen at once. Ctrl-click adds to an existing choice rather than replacing it. To choose a block of compounds
without having to hold down the mouse button, click on the first (or last) and then Shift-click on the last (or
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first) in the desired block.
The listing can be sorted by any column, by clicking on the header. Make sure the list is sorted by Energy

score, with the most negative values (which are the most favorable) at the top. Scroll down to the lowest line in
the top panel of the ListBox and click on it to choose the worst-scoring molecule.

worst-scoring molecule

As shown in the figure, this compound is not docked in the
active site like the others. Its docking scores are zero.

There are three mutually exclusive states that can be
assigned to docked compounds. Viable compounds are

interesting (or have not been looked at yet), Deleted
compounds are less interesting but may deserve another
look, and Purged compounds are definitely not interesting.
The S column shows V, D, and P to indicate these states.
Viable and deleted but not purged molecules are included
when File... Rewrite is used. Change the status of the worst-
scoring molecule to purged by clicking the Purged checkbox
near the bottom of the ListBox. Note that its listing
disappears; make it reappear by checking the box next to List Purged in the Compounds menu.

Normally, a user will click on successive lines, examine the compounds in the binding site, and change the
status of less interesting compounds to deleted or purged. Compounds can also be chosen by descriptor values
and then changed in status collectively. As an example, we will calculate hydrogen bonds between the
compounds and the receptor, then mark compounds with only 0-1 hydrogen bonds as purged.

HBonds... Add Count to Entire Receptor brings up the FindHBond tool. In that dialog, make sure the inter-
model mode is set. The hydrogen bonds will be shown as lines; increase the Line width to 3 and change the H-
bond color to yellow (clicking the color well opens the Color Editor, in which a new color can be chosen; one

way to change the color is to enter a new Color name, in this case yellow). Click OK. When the calculation is
finished, new columns of descriptors will appear in the ListBox. Again, individual compounds can be examined
by clicking on their respective lines in the ListBox. Use the Column menu to hide the descriptors HBond
Ligand Atoms and HBond Receptor Atoms (the numbers of ligand and receptor atoms, respectively,
participating in the detected ligand-receptor hydrogen bonds).

Compounds... Choose by Value opens an interface with several sections. Choose from Viable compounds and
uncheck the boxes next to Description and Energy score to collapse the corresponding sections. In the
HBonds (all) section, move the sliders to include 0-1 hydrogen bonds. A message near the top of the Choose
by Value dialog will report that 17 of the 29 viable compounds meet the criteria. Click OK to choose the
compounds and dismiss the dialog. The 17 viable compounds with 0-1 hydrogen bonds to the receptor will be
chosen in the ListBox and displayed in the main Chimera window. Change these compounds to purged by
clicking the Purged checkbox near the bottom of the ListBox. Uncheck the box next to List Purged in the
Compounds menu to remove the purged compounds from the listing.

binding site surface and H-bonds
Finally, flip through the remaining listed compounds with

the Movie feature. First, show the surface of the protein and
make it transparent:
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Menu: Select... Structure... protein

Menu: Actions... Surface... show

Menu: Actions... Surface... transparency... 60%
Menu: Select... Clear Selection

In the ListBox menu, choosing Movie... Play flips through all
of the listed compounds, in the order in which they are
listed, regardless of status. It is possible to change the view
and move the molecules around while the movie is playing.
The movie will loop continuously through the list until halted
with Movie... Stop. The length of time each compound is
shown can be controlled with Movie... Options. If molecules
are “unlisted” using the checkboxes in the Compounds
menu, they will not be included in the movie; in addition, the order of display depends on how the molecules
are sorted. No matter how the molecules are sorted in the ListBox, however, they remain in the original order
(minus any purged compounds) in output files created with File... Rewrite. Once you have seen enough, stop
the movie and exit from Chimera:

Menu: File... Quit

meng-at-cgl.ucsf.edu / January 2012
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( ' Chimera User’s Guide

CHIMMERA Tutorials Basic Functions

Tutorials Index Introduction to Protein Data Bank Format
Intro to PDB Protein Data Bank (PDB) format is a standard for files containing atomic coordinates. It is used
Format for structures in the Protein Data Bank and is read and written by many programs. While this
short description will suffice for many users, those in need of further details should consult the
Background definitive description. The complete PDB file specification provides for a wealth of information,
including authors, literature references, and the method of structure determination.
. Atomic
Coordinates PDB format consists of lines of information in a text file. Each line of information in the file is
. Secondary called a record. A PDB file generally contains several different types of records, arranged in a
Structure specific order to describe a structure.
Examples Selected Protein Data Bank Record Types
Common Errors Record Type Data Provided by Record

atomic coordinate record containing the X,Y,Z orthogonal A
Hydrogen Atoms ATOM coordinates for atoms in standard residues (amino acids and
nucleic acids).

PQR Format atomic coordinate record containing the X,Y,Z orthogonal A

coordinates for atoms in nonstandard residues. Nonstandard
residues include inhibitors, cofactors, ions, and solvent. The only
functional difference from ATOM records is that HETATM residues
are by default not connected to other residues. Note that water
residues should be in HETATM records.

HETATM

indicates the end of a chain of residues. For example, a
hemoglobin molecule consists of four subunit chains that are not
connected. TER indicates the end of a chain and prevents the
display of a connection to the next chain.

TER

indicates the location and type (right-handed alpha, etc.) of

HELIX helices. One record per helix.

indicates the location, sense (anti-parallel, etc.) and registration
SHEET with respect to the previous strand in the sheet (if any) of each
strand in the model. One record per strand.

SSBOND defines disulfide bond linkages between cysteine residues.

The formats of these record types are given in the tables below. Older PDB files may not adhere
completely to the specifications. Some differences between older and newer files occur in the
fields following the temperature factor in ATOM and HETATM records; these fields are omitted
from the examples. Some fields are frequently blank, such as the alternate location indicator

when an atom does not have alternate locations.
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Protein Data Bank Format:
Coordinate Section
Record Type | Columns Data Justification | Data Type
ATOM 1-4 “ATOM” character
7-11% Atom serial number right integer
13-16 Atom name left: character
17 Alternate location indicator character
18-208 Residue name right character
22 Chain identifier character
23-26 Residue sequence number right integer
27 Code for insertions of residues character
31-38 X orthogonal A coordinate right real (8.3)
39-46 Y orthogonal A coordinate right real (8.3)
47-54 Z orthogonal A coordinate right real (8.3)
55-60 Occupancy right real (6.2)
61-66 Temperature factor right real (6.2)
73-76 Segment identifier! left character
77-78 Element symbol right character
79-80 Charge character
HETATM 1-6 “HETATM” character
7-80 same as ATOM records
TER 1-3 “TER” character
7-11% Serial number right integer
18-208 Residue name right character
22 Chain identifier character
23-26 Residue sequence number right integer
27 Code for insertions of residues character
#Chimera allows (nonstandard) use of columns 6-11 for the integer atom serial number in
ATOM records, and in TER records, only the “TER” is required.
*Atom names start with element symbols right-justified in columns 13-14 as permitted by the
length of the name. For example, the symbol FE for iron appears in columns 13-14, whereas
the symbol C for carbon appears in column 14 (see Misaligned Atom Names). If an atom name
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has four characters, however, it must start in column 13 even if the element symbol is a single
character (for example, see Hydrogen Atoms).

8Chimera allows (nonstandard) use of four-character residue names occupying an additional
column to the right.

Segment identifier is obsolete, but still used by some programs.

Protein Data Bank Format:
Protein Secondary Structure and Disulfides

Record Type | Columns Data Justification Data Type

HELIX 1-5 “HELIX” character
8-10 Helix serial number right integer
12-14 Helix identifier right character
16-18% Initial residue name right character
20 Chain identifier character
22-25 Residue sequence number right integer
26 Code for insertions of residues character
28-308 Terminal residue name right character
32 Chain identifier character
34-37 Residue sequence number right integer
38 Code for insertions of residues character
39-40 Type of helix! right integer
41-70 Comment left character
72-76 Length of helix right integer

SHEET 1-5 “SHEET” character
8-10 Strand number (in current sheet) right integer
12-14 Sheet identifier right character
15-16 gl#ergtt;er of strands (in current right integer
18-208 Initial residue name right character
22 Chain identifier character
23-26 Residue sequence number right integer
27 Code for insertions of residues character
29-318 Terminal residue name right character
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residue
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33 Chain identifier character
34-37 Residue sequence number right integer
38 Code for insertions of residues character
39-40 Strarnld seinse with respect to right integer
previous

The following fields identify two atoms involved in a

hydrogen bond,

the first in the current strand and the second in the previous

strand.

These fields should be blank for strand 1 (the first strand in a

sheet).
42-45 Atom name (as per ATOM record) left character
46-488 Residue name right character
50 Chain identifier character
51-54 Residue sequence number right integer
55 Code for insertions of residues character
57-60 Atom name (as per ATOM record) left character
61-63% Residue name right character
65 Chain identifier character
66-69 Residue sequence number right integer
70 Code for insertions of residues character

SSBOND 1-6 “SSBOND” character

8-10 Serial number right integer
12-14 Residue name (“CYS”) right character
16 Chain identifier character
18-21 Residue sequence number right integer
22 Code for insertions of residues character
26-28 Residue name (“CYS”) right character
30 Chain identifier character
32-35 Residue sequence number right integer
36 Code for insertions of residues character
60-65 Symmetry operator for first right integer
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67-72 Symmetry operator for second right integer
residue

74-78 Length of disulfide bond right real (5.2)

THelix types:

1 Right-handed alpha (default) 6 Left-handed alpha

2 Right-handed omega 7 Left-handed omega

3 Right-handed pi 8 Left-handed gamma

4 Right-handed gamma 9 2/7 ribbon/helix

5 Right-handed 3710 10 Polyproline

#Sense is O for strand 1 (the first strand in a sheet), 1 for parallel, and -1 for antiparallel.

For those who are familiar with the FORTRAN programming language, the following format
descriptions will be meaningful. Those unfamiliar with FORTRAN should ignore this gibberish:

ATOM
HETATM

Format ( A6,15,1X,A4,A1,A3,1X,A1,14,A1,3X,3F8.3,2F6.2,10X,A2,A2 )
HELIX Format ( A6,1X,13,1X,A3,2(1X,A3,1X,A1,1X,14,A1),12,A30,1X,15)
SHEET Format ( A6,1X,13,1X,A3,12,2(1X,A3,1X,A1,14,A1),12,2(1X,A4,A3,1X,A1,14,A1) )

Format ( A6,1X,13,1X,A3,1X,A1,1X,14,A1,3X,A3,1X,A1,1X,14,A1,23X,2(213,1X),

SSBOND F5.2)

Examples of PDB Format

Glucagon is a small protein of 29 amino acids in a single chain. The first residue is the amino-
terminal amino acid, histidine, which is followed by a serine residue and then a glutamine. The
coordinate information (entry 1gcn) starts with:

ATOM 1 N HSA 1 49. 668 24.248 10.436 1.00 25.00
ATOM 2 CA HSA 1 50.197 25.578 10.784 1.00 16.00
ATOM 3 C HSA 1 49.169 26.701 10.917 1.00 16.00
ATOM 4 O HSA 1 48.241 26.524 11.749 1.00 16.00
ATOM 5 CB HSA 1 51.312 26.048 9.843 1.00 16.00
ATOM 6 CG HSA 1 50. 958 26.068 8.340 1.00 16.00
ATOM 7 NDL HS A 1 49. 636 26.144 7.860 1.00 16.00
ATOM 8 CD2 HS A 1 51.797 26.043 7.286 1.00 16.00
ATOM 9 CER HS A 1 49. 691 26.152 6.454 1.00 17.00
ATOM 10 NE2 HS A 1 51.046 26.090 6.098 1.00 17.00
ATOM 11 N SERA 2 49.788 27.850 10.784 1.00 16.00
ATOM 12 CA SERA 2 49.138 29.147 10.620 1.00 15.00
ATOM 13 C SERA 2 47.713 29.006 10.110 1.00 15.00
ATOM 14 O SERA 2 46. 740 29.251 10.864 1.00 15.00
ATOM 15 CB SER A 2 49.875 29.930 9.569 1.00 16.00
ATOM 16 OG SER A 2 49.145 31. 057 9.176 1.00 19.00
ATOM 17 N GNA 3 47.620 28. 367 8.973 1.00 15.00
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ATOM 18 CA GNA 3 46. 287 28.193 8.308 1.00 14.00 C
ATOM 19 C GNA 3 45.406 27.172 8.963 1.00 14.00 C

Notice that each line or record begins with the record type ATOM. The atom serial number is
the next item in each record.

The atom name is the third item in the record. Notice that the first one or two characters of the
atom name consists of the chemical symbol for the atom type. All the atom names beginning
with C are carbon atoms; N indicates a nitrogen and O indicates oxygen. In amino acid
residues, the next character is the remoteness indicator code, which is transliterated according
to:

o A
BB
Yy G
5D
€ E
Tz
nH

The next character of the atom name is a branch indicator, if required.

The next data field is the residue type. Notice that each record contains the residue type. In
this example, the first residue in the chain is HIS (histidine) and the second residue is a SER
(serine).

The next data field contains the chain identifier, in this case A.

The next data field contains the residue sequence number. Notice that as the residue changes
from histidine to serine, the residue number changes from 1 to 2. Two like residues may be
adjacent to one another, so the residue number is important for distinguishing between them.

The next three data fields contain the X, Y, and Z coordinate values, respectively. The last three
fields shown are the occupancy, temperature factor (B-factor), and element symbol.

The spacing of the data fields is crucial. If a data field does not apply, it should be left blank.

The glucagon data file continues in this manner until the final residue is reached:

ATOM 239 N THR A 29 3.391 19.940 12.762 1.00 21.00 N
ATOM 240 CA THR A 29 2.014 19.761 13.283 1.00 21.00 C
ATOM 241 C THR A 29 0.826 19.943 12.332 1.00 23.00 C
ATOM 242 O THR A 29 0.932 19.600 11.133 1.00 30.00 o
ATOM 243 CB THR A 29 1.845 20.667 14.505 1.00 21.00 C
ATOM 244 OGlL THR A 29 1.214 21.893 14.153 1.00 21.00 O
ATOM 245 C& THR A 29 3.180 20.968 15.185 1.00 21.00 C
ATOM 246 OXT THR A 29 -0.317 20.109 12.824 1.00 25.00 o
TER 247 THR A 29

Note that this residue includes the extra oxygen atom OXT on the terminal carboxyl group.
Other than OXT and the rarely seen HXT, atoms in standard nucleotides and amino acids in
version 3.0 PDB files are named according to the IUPAC recommendations (Pure Appl Chem

70:117 (1998) [abstract] [PDF]). The TER record terminates the amino acid chain.
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A more complicated protein, hemoglobin, consists of four amino acid chains, each with an
associated heme group. There are two alpha chains (identifiers A and C) and two beta chains
(identifiers B and D). The first ten lines of coordinates for this molecule (entry 3hhb) are:

ATOM 1 N VALA 1 6.452 16.459 4.843 7.00 47.38 N
ATOM 2 CA VALA 1 7.060 17.792 4.760 6.00 48.47 C
ATOM 3 C VALA 1 8.561 17.703 5.038 6.00 37.13 C
ATOM 4 O VALA 1 8.992 17.182 6.072 8.00 36.25 @)
ATOM 5 CB VALA 1 6.342 18.738 5.727 6.00 55.13 C
ATOM 6 CGL VAL A 1 7.114 20.033 5.993 6.00 54.30 C
ATOM 7 C& VAL A 1 4.924 19.032 5.232 6.00 64.75 C
ATOM 8 N LEUA 2 9.333 18.209 4.095 7.00 30.18 N
ATOM 9 CA LEUA 2 10.785 18.159 4.237 6.00 35.60 C
ATOM 10 C LEUA 2 11.247 19.305 5.133 6.00 35.47 C
At the end of chain A, the heme group records appear:

ATOM 1058 N ARG A 141 -6.466 12.036 -10.348 7.00 19.11 N
ATOM 1059 CA ARG A 141 -7.922 12.248 -10.253 6.00 26.80 C
ATOM 1060 C ARG A 141 -8.119 13.499 -9.393 6.00 28.93 C
ATOM 1061 O ARG A 141 -7.112 13.967 -8.853 8.00 28.68 @)
ATOM 1062 CB ARG A 141 -8.639 11.005 -9.687 6.00 24.11 C
ATOM 1063 CG ARG A 141 -8.153 10.551 -8.308 6.00 19.20 C
ATOM 1064 CD ARG A 141 -8.914 9.319 -7.796 6.00 21.53 C
ATOM 1065 NE ARG A 141 -8.517 9.076 -6.403 7.00 20.93 N
ATOM 1066 CZ ARG A 141 -9.142 8.234 -5.593 6.00 23.56 C
ATOM 1067 NHL ARG A 141 -10.150 7.487 -6.019 7.00 19.04 N
ATOM 1068 NH2 ARG A 141 -8.725 8.129 -4.343 7.00 25.11 N
ATOM 1069 OXT ARG A 141 -9.233 14.024 -9.296 8.00 40.35 @)
TER 1070 ARG A 141

HETATM 1071 FE HEM A 1 8.128 7.371 -15.022 24.00 16.74 FE
HETATM 1072 CHA HEM A 1 8.617 7.879 -18.361 6.00 17.74 C
HETATM 1073 CHB HEM A 1 10.356 10.005 -14.319 6.00 18.92 C
HETATM 1074 CHC HEM A 1 8.307 6.456 -11.669 6.00 11.00 C
HETATM 1075 CHD HEM A 1 6.928 4.145 -15.725 6.00 13.25 C

The last residue in the alpha chain is an ARG (arginine). Again, the extra oxygen atom OXT
appears in the terminal carboxyl group. The TER record indicates the end of the peptide chain.
It is important to have TER records at the end of peptide chains so a bond is not drawn from
the end of one chain to the start of another.

In the example above, the TER record is correct and should be present, but the molecule chain
would still be terminated at that point even without a TER record, because HETATM residues
are not connected to other residues or to each other. The heme group is a single residue made
up of HETATM records.

After the heme group associated with chain A, chain B begins:

HETATM 1109 CAD HEM A 1 7.618 5.696 -20.432 6.00 21.38 C
HETATM 1110 CBD HEM A 1 8. 947 5.143 -20.947 6.00 29.03 C
HETATM 1111 CCD HEM A 1 9. 047 5.155 -22.461 6.00 30.08 C
HETATM 1112 OID HEM A 1 10. 139 5.458 -22.959 8.00 33.72 o
HETATM 1113 OG2D HEM A 1 8. 096 4.833 -23.177 8.00 33.55 o
ATOM 1114 N VAL B 1 9.143 -20.582 1.231 7.00 48.92 N
ATOM 1115 CA VAL B 1 8.824 -20.084 -0.109 6.00 52.26 C
ATOM 1116 C VAL B 1 9.440 -20.964 -1.190 6.00 57.72 C
ATOM 1117 O VAL B 1 9.768 -22.138 -0.985 8.00 55.05 O
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ATOM 1118 CB VAL B 1 9.314 -18.642 -0.302 6.00 58.48
ATOM 1119 CGL VAL B 1 8.269 -17.606 0.113 6.00 59.43
ATOM 1120 C& VAL B 1 10. 683 -18.373 0.331 6.00 45.96

OO0

Here the TER card is implicit in the start of a new chain.
Protein Data Bank format relies on the concept of residues:

. Each atom in a residue must be uniquely identifiable. Two atoms in the same residue
can only have the same name if they have different alternate location identifiers.

. Residue names are a maximum of three characters IongE and uniquely identify the
residue type. Thus, all residues of a given name should be the same type of residue and
have the same structure (contain the same atoms with the same connectivity).

Common Errors in PDB Format Files

If a data file fails to display correctly, it is sometimes difficult to determine where in the
hundreds of lines of data the mistake occurred. This section enumerates some of the most
common errors found in PDB files.

Program-Generated PDB Files

Spurious Long Bonds

A couple of common errors in program-generated PDB files result in the display of very long
bonds between residues:

. Missing TER cards - Either a TER card or a change in the chain ID is needed to mark the
end of a chain.

. Improper use of ATOM records instead of HETATM records - HETATM records should
be employed for compounds that do not form chains, such as water or heme. The first
six columns of the ATOM record should be changed to HETATM so that the remaining
columns stay aligned correctly.

Apart from any format errors, Chimera also uses long bonds to indicate the underlying
connectivity across chain segments that lack coordinates (e.g., regions of missing density due
to crystallographic disorder). Regardless of their cause, long bonds in Chimera can be hidden
with the command —~longbond.

Misaligned Atom Names

Incorrectly aligned atom names in PDB records can cause problems. Atom names are composed
of an atomic (element) symbol right-justified in columns 13-14, and trailing identifying
characters left-justified in columns 15-16. A single-character element symbol should not
appear in column 13 unless the atom name has four characters (for example, see Hydrogen
Atoms). Many programs simply left-justify all atom names starting in column 13. The

difference can be seen clearly in a short segment of hemoglobin (entry 3hhb):
Correct:

HETATM 1071 FE HEM A
HETATM 1072 CHA HEM A
HETATM 1073 CHB HEM A
HETATM 1074 CHC HEM A

8.128 7.371 -15.022 24.00 16.74 F
8.617 7.879 -18.361 6.00 17.74

10.356 10.005 -14.319 6.00 18.92
8. 307 6.456 -11.669 6.00 11.00

N
ooom
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HETATM 1075 CHD HEM A 1 6. 928 4,145 -15.725 6.00 13.25 C
Incorrect:

HETATM 1071 FE HEM A 1 8.128 7.371 -15.022 24.00 16.74 FE
HETATM 1072 CHA HEM A 1 8. 617 7.879 -18.361 6.00 17.74 C
HETATM 1073 CHB HEM A 1 10.356 10.005 -14.319 6.00 18.92 C
HETATM 1074 CHC HEM A 1 8. 307 6.456 -11.669 6.00 11.00 C
HETATM 1075 CHD HEM A 1 6. 928 4,145 -15.725 6.00 13.25 C

Hand-Edited PDB Files

Duplicate Atom Names

One possible editing mistake is the failure to uniquely name all atoms within a given residue.
In the following example, two atoms in the same residue are named CA:

ATOM 185 N VAL A 23 13.455 17.883 10.517 1.00 7.00 N
ATOM 186 CA VAL A 23 12.574 17.403 11.589 1.00 7.00 C
ATOM 187 C VAL A 23 11.283 18.205 11.729 1.00 7.00 C
ATOM 188 O VAL A 23 10.233 17.600 12.052 1.00 7.00 O
ATOM 189 CA VAL A 23 13.339 17.278 12.906 1.00 10.00 C
ATOM 190 CGL VAL A 23 12.441 17.004 14.108 1.00 13.00 C
ATOM 191 C& VAL A 23 14.455 16.248 12.794 1.00 13.00 C
ATOM 192 N GNA 24 11.255 19.253 10.941 1.00 8.00 N
ATOM 193 CA GLN A 24 10.082 20.114 10.818 1.00 8.00 C
ATOM 194 C GNA 24 9.158 19.638 9.692 1.00 8.00 C

Depending on the display program, the residue may be shown with incorrect connectivity, or it
may become evident only upon labeling that the residue is missing a CB atom.

Residues Out of Sequence

In the following example, the second residue in the file is erroneously numbered residue 5.
Many display programs will show this residue as connected to residues 1 and 3. If this residue
was meant to be connected to residues 4 and 6 instead, it should appear between those
residues in the PDB file.

ATOM 1 N HSA 1 49.668 24.248 10.436 1.00 25.00 N
ATOM 2 CA HSA 1 50.197 25.578 10.784 1.00 16.00 C
ATOM 3 C HSA 1 49.169 26.701 10.917 1.00 16.00 C
ATOM 4 O HSA 1 48.241 26.524 11.749 1.00 16.00 O
ATOM 5 CB HSA 1 51.312 26.048 9.843 1.00 16.00 C
ATOM 6 CG HSA 1 50.958 26.068 8.340 1.00 16.00 C
ATOM 7 ND1I HS A 1 49. 636 26. 144 7.860 1.00 16.00 N
ATOM 8 CD2 HS A 1 51. 797 26.043 7.286 1.00 16.00 C
ATOM 9 CER HS A 1 49.691 26.152 6.454 1.00 17.00 C
ATOM 10 NE2 HS A 1 51.046 26.090 6.098 1.00 17.00 N
ATOM 11. N SERA 5 49.788 27.850 10.784 1.00 16.00 N
ATOM 12 CA SER A 5 49.138 29.147 10.620 1.00 15.00 C
ATOM 13 C SERA 5 47.713 29.006 10.110 1.00 15.00 C
ATOM 14 O SERA 5 46.740 29.251 10.864 1.00 15.00 o
ATOM 15 CB SER A 5 49. 875 29.930 9.569 1.00 16.00 C
ATOM 16 OG SER A 5 49.145 31. 057 9.176 1.00 19.00 O
ATOM 17 N GNA 3 47.620 28. 367 8.973 1.00 15.00 N
ATOM 18 CA GNA 3 46. 287 28.193 8.308 1.00 14.00 C

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/tutorials/framepdbintro.html (9 of 11) [11/18/14 3:10:34 PM]



Intro to PDB Format FrameSet

Common Typos

Sometimes the letter | is accidentally substituted for the number 1. This has different
repercussions depending on where in the file the error occurs; a grossly misplaced atom may
indicate the presence of such an error in a coordinate field. These errors can be located readily
if the text of the data file appears in uppercase, by invoking a text editor to search for all
instances of the lowercase letter I.

Hydrogen Atoms
In brief, conventions for hydrogen atoms in version 3.0 PDB format are as follows:

. Hydrogen atom records follow the records of all other atoms of a particular residue.

. A hydrogen atom name starts with H. The next part of the name is based on the name
of the connected nonhydrogen atom. For example, in amino acid residues, H is
followed by the remoteness indicator (if any) of the connected atom, followed by the
branch indicator (if any) of the connected atom; if more than one hydrogen is
connected to the same atom, an additional digit is appended so that each hydrogen
atom will have a unique name. Hydrogen atoms in standard nucleotides and amino
acids (other than the rarely seen HXT) are named according to the IUPAC
recommendations (Pure Appl Chem 70:117 (1998) [abstract] [PDF]). Names of hydrogen

atoms in HETATM residues are determined in a similar fashion.
. If the name of a hydrogen has four characters, it is left-justified starting in column 13;
if it has fewer than four characters, it is left-justified starting in column 14.

In the following excerpt from entry 1vm3, atom H is attached to atom N. Atom HA is attached
to atom CA; the remoteness indicator A is the same for these atoms. Two hydrogen atoms are
connected to CB, one is connected to CG, three are connected to CD1, and three are connected

to CD2.

ATOM 10 N LEUA 2 4.595 6. 365 3.756 1.00 0.00
ATOM 11 CA LEUA 2 4.471 5. 443 2.633 1.00 0.00
ATOM 12 C LEUA 2 5. 841 5.176 2.015 1.00 0.00
ATOM 13 O LEUA 2 6. 205 4,029 1.755 1.00 0.00
ATOM 14 CB LEUA 2 3.526 6. 037 1.578 1.00 0.00
ATOM 15 CG LEUA 2 2.790 4.919 0.823 1.00 0.00
ATOM 16 CD1 LEUA 2 3.803 3.916 0.262 1.00 0.00
ATOM 17 CD2 LEUA 2 1.817 4,196 1.769 1.00 0.00
ATOM 18 H LEUA 2 4.169 7. 246 3.704 1.00 0.00
ATOM 19 HA LEUA 2 4. 063 4,514 2.992 1.00 0.00
ATOM 20 HB2 LEU A 2 2. 804 6. 675 2.065 1.00 0.00
ATOM 21 HB3 LEU A 2 4.099 6. 623 0.873 1.00 0.00
ATOM 22 HG LEUA 2 2.234 5. 353 0.004 1.00 0.00
ATOM 23 HD11 LEU A 2 4.648 4.447 -0.148 1.00 0.00
ATOM 24 HD12 LEU A 2 3.334 3.331 -0.516 1.00 0.00
ATOM 25 HD13 LEU A 2 4,137 3. 260 1.052 1.00 0.00
ATOM 26 HD21 LEU A 2 0.941 3.892 1.216 1.00 0.00
ATOM 27 HD22 LEU A 2 1.522 4,860 2.568 1.00 0.00
ATOM 28 HD23 LEU A 2 2.296 3.323 2.188 1.00 0.00

ITIITIITIIIIIITITOOOOO0OOOZ

PQR Variant of PDB Format

Several programs use a modified PDB format called PQR, in which atomic partial charge (Q) and
radius (R) fields follow the X,Y,Z coordinate fields in ATOM and HETATM records. An excerpt:

ATOM 1 N ALA 1 46. 457 12.189 21.556 0.1414 1.8240
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ATOM 2 CA ALA 1 47.614 11.997 22.448 0.0962 1.9080
ATOM 3 C ALA 1 47.538 12.947 23.645 0.6163 1.9080
ATOM 4 O ALA 1 46.441 13.476 23.962 -0.5722 1.6612
ATOM 5 CB ALA 1 48.911 12.134 21.650 -0.0597 1.9080
ATOM 6 H2 ALA 1 45.672 11.684 21.917 0.1997 0.6000
ATOM 7 H3 ALA 1 46.235 13.163 21.506 0.1997 0.6000
ATOM 8 H ALA 1 46. 683 11.849 20.642 0.1997 0.6000
ATOM 9 HA ALA 1 47.603 11.052 22.786 0.0889 1.1000
ATOM 10 HB1 ALA 1 49.041 11.319 21.087 0.0300 1.4870
ATOM 11 HB3 ALA 1 48.855 12.941 21.064 0.0300 1.4870
ATOM 12 HB2 ALA 1 49.679 12.231 22.281 0.0300 1.4870
ATOM 13 N ASP 2 48.702 13.128 24.279 -0.5163 1.8240
ATOM 14 CA ASP 2 48.826 13.956 25.493 0.0381 1.9080
ATOM 15 C ASP 2 48.614 15.471 25.323 0.5366 1.9080
ATOM 16 O ASP 2 49.292 16.362 24.807 -0.5819 1.6612
ATOM 17 CB ASP 2 50.156 13.635 26.226 -0.0303 1.9080
ATOM 18 CG ASP 2 49.984 12.419 27.136 0.7994 1.9080
ATOM 19 ODP1 ASP 2 50.595 12.308 28.221 -0.8014 1.6612
ATOM 20 0OD2 ASP 2 49.198 11.502 26.778 -0.8014 1.6612
ATOM 21 H ASP 2 49.511 12.637 23.845 0.2936 0.6000
ATOM 22 HA ASP 2 48.104 13.630 26.146 0.0880 1.3870
ATOM 23 HB3 ASP 2 50.392 14.413 26.773 -0.0122 1.4870
ATOM 24 HB2 ASP 2 50.832 13.431 25.545 -0.0122 1.4870

PQR format is rather loosely defined and varies according to which program is producing or
using the file. For example, APBS requires only that all fields be whitespace-delimited.

If an ATOM or HETATM record being read by Chimera is not in PDB format, Chimera next tries
to read it as PQR format. In that case, all fields up to and including the coordinates are still
expected to adhere to the standard format, but the next two eight-column fields are each
expected to contain a floating-point number: charge is read from columns 55-62 and radius is
read from columns 63-70. The values are assigned as the atom attributes charge and radius,
respectively.

PDB2PQOR is a program for structure cleanup, charge/radius assignment, and PQR file
generation. The PDB2POR tool in Chimera uses a web service provided by the National
Biomedical Computation Resource (NBCR).

UCSF Computer Graphics Laboratory / May 2014
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Chimera Startup and Input

Chimera Startup

At graphical startup, a Chimera splash screen appears, to be replaced in a few seconds by the Chimera graphics window or the
Rapid Access interface.

On Windows,

Chimera can be started by clicking the chimera icon. To specify options or input files at startup:

1. drag the chimera icon with the right mouse button and select Copy Here from the menu that appears;
this creates another shortcut icon called "copy of chimera"

2. right-click the new copy of chimera icon, select Properties from the menu that appears

3. in the resulting panel, click the Shortcut tab and then append the desired option(s) and input(s) to the
command in the Target field. The path to the Chimera executable, arguments of options, and input file
pathnames should each be enclosed in double quotes if they contain any spaces, for example:

"C:\ Program Fil es\ Chi mera\ bi n\chi nera. exe" --stereo seq "f:\PDB Fil es\protease. pdb"

4. click the the new copy of chimera icon

On UNIX,

Chimera can be started from the system command line:

> chinmera [options] [inputl input2 ...]

Bracketed arguments are optional. The user's execution path should include chimera_install_dir/bin (the default
chimera_install_dir is /usr/local/chimera).

On Mac OS X,
Chimera can be started by clicking the chimera icon or by dragging and dropping certain file types on the

chimera icon. The drag-and-drop approach currently works for the Chimera web data (*.chimerax) and PDB (*.
pdb) file types.

Chimera can also be started from the system command line:

> chinmera_install _dir/Contents/MacOS/ chinmera [options] [inputl input2 ...]

Bracketed arguments are optional. The default chimera_install_dir is /Applications/Chimera.app.

Chimera for Mac OS X (X Windows) requires an X server to be installed and running. Starting this version of
Chimera will automatically start the X server if it is not already running.

Startup Files

If a Chimera preferences file is found, it is read at startup. If a midasrc file is found (see the Command Line preferences), it
will be executed when the Command Line is shown.

System Command-Line Input
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Chimera Startup and Input

Input files may contain structures to be displayed, commands or code to be executed, or other data. If Chimera is started in
nogui mode without command/script file input, a prompt will be supplied in the system shell for entering Chimera commands
on standard input.

Any of the registered file types can be opened from the system command line at the time of Chimera startup. File type can be
specified by a suffix that is part of the filename or by prefix:filename, where prefix is not part of the filename. If a prefix and a
suffix are both given, the prefix overrides the suffix. Filenames, prefixes, and suffixes are case-sensitive. Unrecognizable
prefixes are assumed to be part of the filename. For many of the registered file types, files that are gzipped (as indicated by .
gz following the regular filename) are recognized and opened. Similarly, compressed files (*.Z) can be recognized and opened
for many input types if gzip is on the user's execution path (can be run by entering gzip at the system command line).

Input is generally specified as a pathname to a file or the name of a file in the current working directory. In some cases
(indicated with certain prefixes), the filename can be the database identifier of a file to be retrieved and opened. Internet

connectivity is required to fetch files over the Web.

Input within Chimera

Any of the reqistered file types can also be opened from within Chimera. The most general ways are:

. with File... Open (local files), Fetch by ID (files to be fetched from databases)
. from the Chimera Command Line, using the command open (default type PDB)

In addition, many tools bring up dialogs to open specific file types.

On a Mac, dragging and dropping known file types on the Chimera icon will start Chimera (if not already started) and open the
files.

Models can be closed with the command close, the Model Panel, or File... Close Session.

Exit from Chimera

A Chimera session can be terminated by choosing File... Quit from the menu, or by entering the command stop in the
Command Line. Whether the user should be asked to confirm exiting from Chimera is set in the General preferences.
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Input File Types

Input File Types
Ways to open registered file types in Chimera:

. with File... Open (local files), Fetch by ID (files to be fetched from databases)
. from the Chimera Command Line, using the command open (default type PDB)
. from the system command line at the time of Chimera startup

In the Chimera and system command lines, the file type can be specified by a suffix that is part of the
filename or by prefix:filename, where prefix is not part of the filename. Suffixes (filename extensions) also
control which files are listed in the Open File dialog when the File type is set to a specific type.

The file types are grouped by data type below:

. Molecular Structures and Related Data (see also MD Movie and ViewDock)
. Electrostatic Potential (associated tool: Electrostatic Surface Coloring)
. Volume Data (associated tool: Volume Viewer)

. Sequence (associated tool: Multalign Viewer)
. Command Scripts
. Other 3D Obijects

When a tool-specific type of file is opened, the associated tool will execute or start.

Molecular Structures and Related Data

file type prefix suffix contents

structure and pocket measurements
(data to fetch from the from the Computed

Atlas of Surface Topography of proteins
CASTp: (CASTp) database specified by 4-character PDB
castp: ID with chain ID optionally appended, for

example 2gsh.A; not all PDB entries are in the
database; measurements will be displayed in a

pocket list)

structure and pocket measurements
(previously saved results from the CASTp server

specified by name.poc, which will also read

CASTp ID fetch

CASTp local
=021h -poc name.pdb, name.poclinfo, name.mouth, and
name.mouthinfo from the same location and
display the measurements in a pocket list)
protein domain structure
CATH cath: (PDB format; file to fetch specified by CATH
domain ID)
CIF/mmCIF C'f:. ] .Cif molecular structure
mmcif:

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/filetypes.html (1 of 7) [11/18/14 3:10:38 PM]


http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/opensave.html#opendialog
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/opensave.html#opendialog
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/castp.html
http://sts-fw.bioengr.uic.edu/castp/index.php
http://sts-fw.bioengr.uic.edu/castp/index.php
http://sts-fw.bioengr.uic.edu/castp/index.php
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/castp.html#pocketlist
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/castp.html
http://sts-fw.bioengr.uic.edu/castp/calculation.php
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/castp.html#pocketlist
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/domains.html#cath
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/domains.html#cath

Input File Types

CIFID

predictions, and for those, multiple files will be

molecular structure
cifiD: (mmCIF format; file to fetch specified by 4-
character PDB ID)
Gaussian fchk: fchk | | truct
formatted checkpoint gaussian: e molecular structure
molecular surface generated by DelPhi (the
GRASP surface graspsurf: .srf academic version; see also DelPhiController)
or GRASP
molecular structure
Gromos87 : :
- gro: -gro (not read as a trajectory)
Maestro file maestro: .mae molecular structure
mae:
: specification of trajectory format and filenames
MD Movie metafile md_. P . : . .
movie: (associated tool: MD Movie)
MDL MOL/SDF mol.: -mol molecular structure
sdf: .sdf
modeled protein structure
(comparative models in PDB format to fetch
ModBase modbase: from ModBase specified by SwissProt, TrEMBL,
GenPept or PIR accession code; associated
information will be shown in a list)
Mol2 mol2: .mol2 molecular structure
MS surface dms',: .ams dot molecular surface
ms: .ms
nucleic acid structure
NDB ndb: (PDB format; file to fetch specified by NDB ID)
PDB .pdb
(see also POR) pdb: .pé:lrf)tl molecular structure
molecular structure
PDBID pdblD: (PDB format; file to fetch specified by 4-
character PDB ID)
known or predicted biological assembly
(file(s) to fetch specified by 4-character PDB ID,
PDB biounit biounitID: optionally with “.N” appended to specify
assembly N; otherwise, if the entry has multiple
assemblies, multiple files will be retrieved)
predicted biological unit
(file to fetch from the from the Protein
Quaternary Structure server specified by 4-
PQSID pgsID:

character PDB ID; predictions are not available
for all PDB entries; some entries have multiple

retrieved)
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Input File Types

PubChem CID (input)

PubChem:
pubchem:

small molecule structure

(3D structure SDF fetched from the Pub3D
database of modeled structures using a web

service provided by the CICC at Indiana
University)

Rich Molecular Format

format HDF5)

(based on the hierarchical data

rmf;

.rmf2info

SCOP

scop:

SMILES (input)

SMILES:
smiles:

VIPERID

viperlD:

.rmf

hierarchical molecular structure, feature
information, geometric markup
(associated data and controls will be shown in
an RMF Viewer dialog)

protein domain structure
(PDB format; file to fetch specified by SCOP

domain ID)

small molecule structure
(SMILES string converted to 3D structure SDF
using the smi23d web service provided by the

CICC at Indiana University)

icosahedral virus capsid structure
(PDB format; file to fetch specified by PDB ID;
capsid automatically constructed with
Multiscale Models)

XYZ coordinate

Xyz:

XyZ

molecular structure

Electrostatic Potential(can also be handled as volume data)
Associated tool: Electrostatic Surface Coloring

file type prefix |suffix contents
electrostatic potential calculated with Adaptive Poisson-
. Boltzmann Solver (APBS);

APBS potential apbs: .dx . i . . .

the APBS tool in Chimera runs this program via web service
provided by the NBCR
DelPhi or GRASP botential | delohi: hi electrostatic potential calculated with DelPhi (the academic
eirhror potential | defphi- | -phl version; see also DelPhiController) or GRASP
. . . electrostatic potential calculated with University of Houston
UHBD grid, binary uhbd: | .grd Brownian Dynamics (UHBD)

compute grid option

*Electrostatic potential maps can also be generated by using Coulombic Surface Coloring with the

**Electrostatic potential isosurfaces are not displayed automatically, but can be shown with Volume
Viewer or the volume command

Volume Data(see also electrostatic potential)
Associated tool: Volume Viewer

file type

prefix

suffix

contents

Amira mesh, scalar (not vector)

amira:

.am

scalar field data
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Input File Types

BRIX or DSN6 density map dsn6: é)?rrlz(p crystallographic density map used by O
CCP4 density map ccp4: (r:rclss electron density map
Chimera map
(based on the hierarchical data cmap: .cr:qap electron density map
format HDF5) -cmp
CNS or XPLOR density map xplor: x(;)r:cs)r unformatted ASCII density map
DOCK (versions 4, 5, 6) bump, contact, and
.bmp energy scoring grids
DOCK scoring grid dock: .cnt  |(suffixes not interchangeable; gridname.bmp
.nrg required for reading gridname.cnt and/or
gridname.nrg)
electron density map
EDSID edsID: (file tf)_fetch from the Electron Density Server
specified by 4-character PDB ID; not all PDB
entries have maps available)
electron density difference map (fo-fc)
. (file to fetch from the Electron Density Server
EDSDIFFID edsdifflD: .
I specified by 4-character PDB ID; not all PDB
entries have maps available)
EMAN HDF map hdf
(based on the hierarchical data emanhdf;: 'h5 electron density map
format HDF5) :
electron density map
(entry to fetch from the Electron Microscopy
EMDBID emdbID: Data Bank; prefix emdbfitID will additionally
’ fetch any corresponding PDB entries, but
they may or may not be in the fit positions
relative to the map)
Gaussian cube grid cube: .cube orbitals, electron densities, other
cub
gOpenMol grid
- . openmol: .plt orbitals, electron densities, other
(see conversion mitructlons) gop ! P! bitals, el densiti h
tif
Image stack images: tiff |series of grayscale images in multiple files or
(formats supported by PIL) ges: .png a single multipage file
(etc.)
IMOD map
(MRC map with signed 8-bit mode | imodmap: .rec electron density map
interpreted as unsigned)
MacMolPIt grid
(3D surfaces) macmolplt: | .mmp 3D surface data
MRC density map mrc: .mrc electron density map
NetCDF generic array netcdf: .nc 3D data
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Input File Types

Priism microscope image priism: XYZW 3D light or EM data
Priism time series riism vzt time series of 3D light or EM data
P - XY (also starts Volume Series)
. interaction free energy grid from PROFEC (in
PROFEC free energy grid profec: .profec .
Amber versions 6 and 7)
Purdue image format pif: .pif electron density map
Situs map file situs: .sgil:s electron density map
SPIDER volume data spider: \s/(r;: electron density map
TOM toolbox EM density map tom_em: .em electron density map
Visualization Toolkit (VTK) .
i vtk: vtk values on a grid
structured points, ASCII
Sequence

Associated tool: Multalign Viewer

file type prefix | suffix contents
.afasta
Aligned FASTA afasta: afa sequence alignment
fasta
fa
Aligned NBRF/PIR pir: ;:Ir sequence alignment
.aln
Clustal ALN aln: clustal sequence alignment
.clustalw
.Clustalx
GCG RSF rsf: .rsf sequence alignment
HSSP hssp: h sequence alignment (other information not read);
(read-only) SSp- -NSsp see HSSP database and search interface
MSF msf: .msf sequence alignment
) .selex
selex: .
Selex ) .slx sequence alignment
pfam:
.pfam
Stockholm sth: ) -sth sequence alignment
hmmer: .sto
UniProt accession or ID (input) | uniprot: protein sequence with feature annotations
Command Scripts
file type prefix suffix contents
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Input File Types

Chimera commands
Chimera commands com: .com (locations of files opened by a command file can be
cmd: .cmd specified relative to the command file's location, or with
absolute pathnames)
instructions to Chimera and explanatory text for the demo
Chimera demo demo: .src viewer
(associated tool: Demos)
Chimera web data | chi | chi instructions on data files to open, commands and code to
chimerax: | .chimerax execute (can have a Chimera demo embedded)
Python code
thon: .py (locations of files opened by a Python script can be
Pvth Py (?n. .pyc specified relative to the script's location, or with absolute
ython h_IOY- _ .pyo pathnames;
chimera. .pyw for scripts with arguments,
see also runscript, startup option ——script)
Other 3D Objects
file type prefix |suffix contents
AutoPack results apr: .apr collections of 3D objects from AutoPack
Bild bild: '_%'Ilg graphical objects
Chimera markers Kers: markers placed in 3D
markers: | .cmm (associated tool: Volume Tracer)
graphical objects
COLLADA collada: | .dae (geometry nodes define Chimera surface
pieces)
IMOD segmentation imod: "nr?gg EM segmentation meshes and contours
Neuron trace tructi h as
(SWC, see also the NeuroMorpho SWC: .SWC neuron reﬁzﬂfoﬁgr'oa(’) S(;Jrc as from
FAQ) bho.2ord
. segmentation surfaces and grouping
Segger seg_mentaFlon hierarchy, pointer to corresponding volume
(based on the hierarchical data segger: | .seg :
data file
format HDF5) .
(associated tool: Segment Map)
spheres from the DOCK accessory program
Sphgen spheres sph: .sph P s Y prog
sphgen
triangle-based format (binary) native to
STL surface stl: stl stereolithography CAD software from 3D
Systems®
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Input File Types

icosahedral virus capsid structure
(PDB format, in the Virus Particle Explorer

VIPERdD viper: vdb database coordinate system; capsid
automatically constructed with Multiscale
Models)
) vrml graphical objects
VRML vrml: wrl (described in VRML geometry nodes)
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Fetch by ID

Fetch by ID

Files can be retrieved from various databases and opened in Chimera with File... Fetch by ID. Internet
connectivity is required to fetch files over the Web. The command open can also fetch files by ID. Fetched
files can be cached in a local download directory and reused as needed depending on the Fetch

preferences, PDB preferences, and whether the option to Ignore any cached data is checked. See also:
Rapid Access, Chimera input file types

A database and corresponding identifier (ID code) must be indicated. Multiple identifiers for the same
database can be entered, separated by spaces and/or commas.

. NDB - a Nucleic Acid Database identifier will be translated into a PDB ID and used to fetch a PDB-
format file from the Protein Data Bank
. PDB - a 4-character PDB ID (Protein Data Bank Identifier) will be used to fetch a PDB-format file
from the Protein Data Bank:
1. Chimera will first attempt to find the file within a local installation of the Protein Data Bank.
The default places to look for a local installation are Zusr/mol/pdb/ and then /mol/pdb/
— these can be changed by editing the Python file share/chimera/pdbDir within a
Chimera installation.
2. Next, Chimera will look for the file in any personal PDB directories designated in the PDB_
preferences.
3. Next, the PDB subdirectory of the fetch download directory will be checked (unless the use
of previously fetched files has been disallowed in the Fetch preferences).
4. Finally, if not found locally, the file will be fetched from the Protein Data Bank web site
(unless fetching has been disallowed in the PDB preferences).
. PDB (mmCIF) - a 4-character PDB ID will be used to fetch an mmCIF-format file from the Protein
Data Bank
. PDB (biounit) - a 4-character PDB ID will be used to fetch one or more PDB-format biological
assembly files from the Protein Data Bank; there may be multiple assemblies for a given entry, and
a specific assembly can be designated by appending “.N” to the PDB ID. For example, 1dok
specifies all biological assemblies of entry 1dok, 1dok.2 specifies biological assembly 2, and
1dok.1.2 specifies biological assemblies 1 and 2. Each assembly will be opened as a separate main
model number, possibly containing submodels.
. CATH - a 7-character CATH domain identifier will be used to fetch a PDB-format domain file from
CATH
. SCOP - a 7-character SCOP domain identifier will be used to fetch a PDB-format domain file from
the ASTRAL database
. PubChem - a PubChem compound identifier (CID) will be used to fetch a modeled 3D structure
from the Pub3D database via a web service provided by the CICC at Indiana University. Pub3D is
described in Willighagen et al., BMC Bioinformatics 8:487 (2007). About 99% of the compounds in
PubChem are available; the structure generation pipeline generally handles organic compounds,
but not inorganic, metallo-, or highly unstable species such as radicals.

. CASTp - a 4-character PDB ID (with chain ID optionally appended, for example 2gsh.A) will be
used to fetch a structure and its precomputed pocket measurements from the Computed Atlas of

Surface Topography of proteins (does not include results for all PDB entries; measurements will be
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Fetch by ID

displayed in a pocket list)

. EDS (2fo-fc) - a 4-character PDB ID will be used to fetch an electron density map from the
Electron Density Server (not all PDB entries have maps available)

. EDS (fo-fc) - a 4-character PDB ID will be used to fetch an electron density difference map from
the Electron Density Server (not all PDB entries have maps available)

. EMDB - a numerical identifier will be used to fetch an electron density map from the Electron
Microscopy Data Bank

. EMDB & fit PDBs - a numerical identifier will be used to fetch an electron density map from the
Electron Microscopy Data Bank, along with any corresponding PDB entries, which may or may not
be in the fit positions relative to the map

. PQS - a 4-character PDB ID will be used to fetch the predicted biological unit from the Protein
Quaternary Structure server (predictions are not available for all PDB entries; some entries have
multiple predictions, and for those, multiple files will be retrieved)

. ModBase - a SwissProt, TrEMBL, GenPept or PIR accession code will be used to fetch comparative
models in PDB format from ModBase (associated information will be shown in a model list)

. VIPERdDb - a 4-character PDB ID will be used to fetch a PDB-format file from the Virus Particle
Explorer database of icosahedral virus capsid structures (the capsid will be constructed
automatically with Multiscale Models)

. UniProt - a UniProt accession code or identifier will be used to fetch a protein sequence and its
annotations and show them in Multalign Viewer (much as described for PDB/UniProt Info, except
independent of structure). This type of fetch is not saved locally even if a download directory has
been specified. UniProt's ID mapping service can be used to obtain UniProt identifiers from other
sequence database identifiers.

Clicking Fetch retrieves the indicated data and dismisses the dialog (although there is a checkbox option
to Keep dialog up after Fetch). Clicking Web Page opens the home page of the chosen database if no ID
code has been entered, or the specific page for the entry if a valid ID code has been entered. Only the
page for the first entry is shown if multiple codes have been entered.

Clicking Set download directory opens the Fetch preferences for specifying a local directory in which to
save fetched files.

Close dismisses the dialog without retrieving the data. Help brings up this manual page in a browser
window.

UCSF Computer Graphics Laboratory / October 2014
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The Chimera Window

Molecular structures and other e o
3D data are displayed in the
graphics window. Initially, the
Rapid Access interface may be
shown instead of the graphics
window, but that interface can be
dismissed/reshown at any time
using the lightning-bolt icon in
the status line across the bottom.

UCSF Chimera

File Select MActions Presets Tools Favorites Help

The background color can be
changed:

. with the command

background
. in the Background

preferences
. in the Color Actions
dialog
+ by using a preset Command: sel 504 -
_ _ Active models: Mo M1 2 3 4 e e Oan
The first two also allow using a = : :
L3 | Fetching 2jI8 from web site www.rcsbhoorg 5 atoms, 4 bonds | [ =

gradient of multiple colors or an

image read from a file as the background.

Other window-related commands are windowsize and windoworigin.

There is normally a menu bar across the top:

I
)

. Favorites
. Help

A pop-up version of the menu can be obtained with the F8 key (sometimes fn-F8), the Menu key on a
Windows keyboard, or a mouse button assigned to this function in the Mouse preferences. See also:
context menus

The Chimera window may also include a toolbar for icons, a command line, and a status line. The initial
appearance of the window depends on any startup files and predefined preferences.
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The toolbar is only shown when it contains one or more icons, as specified in the Tools preferences.

In fullscreen mode (available in Windows, Linux, and Mac-X11 versions of Chimera), the graphics window
without borders occupies an entire screen. Fullscreen mode can be toggled with the command set/—set
fullscreen, the F11 key (if not used by Exposé on the Mac), and in the General preferences, or specified at
startup with the —-fullscreen option. The menu bar, Rapid Access interface, and any other components
(tool bar, command line, and status line) can then be opened as a separate window with the F2 key, or just
a pop-up menu can be used.

Command Line

Command: |sel ‘504 -
Activemodels: Mo 1 2 3 4 5 ¢ 7 (18 (19 1A

Chimera commands are entered at the Command Line. There are several ways to start the Command

Line, a tool in the General Controls category. Command targets are indicated with atom specification
strings, which can include names, properties, zones, and combinations of these.

Ctrl-u erases the command line contents; the list of past commands can be traversed with up arrow and
down arrow or Ctrl-p and Ctrl-n.

The black inverted triangle to the right of the command entry field marks a pulldown menu. The menu
includes:

. the most recently entered commands

. Command History... for showing the full Command History; the number of commands to
remember (default 60) can be set in the Command Line preferences

. Hide Command Line (alternatively, the Command Line can be hidden using its instance in the
bottom section of the Tools menu)

. Remove duplicate consecutive commands - where the same command was used multiple times
in a row, remove all but one occurrence from the history

Below the command entry area, the number of each open model is shown in bold and a checkbox shows
whether the model is activated for motion. Clicking the box toggles between the activated (default) and

deactivated states. Checking All activates all open models. Model activation status can also be controlled
in the Model Panel and with the command select.

Status Line

&1 | Fetching 218 from web site www.resb.org % atoms, 4 bonds H = Y
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The display of a line for status messages can be controlled in the Messages preferences and the
Keyboard Shortcuts dialog. Icons may be present and colored or grayed out depending on the situation:

L the red stop icon appears on the left when a foreground task is running; clicking it aborts the
task

. R a menu selection mode icon (optional): A for append, | for intersect, R for replace, or S for
subtract; clicking the icon cycles through the modes

. the lightning-on-dark-blue icon is present when Rapid Access is hidden (click to show it)

. the lightning-on-light-blue icon is present when Rapid Access is shown (click to hide it)

. |2 the information icon is blue when one or more background tasks are running, a lighter blue
when no tasks are running; clicking it brings up the Task Panel

. “ the magnifying glass icon is colored when something is selected; mousing over it reports in a
text balloon what is selected, and clicking it brings up the Selection Inspector

UCSF Computer Graphics Laboratory / October 2013
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Chimera Menus

The major menu headings are:

7

File
Select
. Actions
. Presets
. Volume (not always present)
. Tools

. Favorites
. Aliases (not always present)

. Help

Except in the native Mac (non-X-Windows) version of Chimera, the menus are tear-off, as indicated by a
dashed line above the entries when the menu contents are shown. Choosing the dashed line instead of an
entry makes the menu an independent window that remains up until explicitly closed. Unavailable options
are grayed out. See also: context menus

+ File

. Open... bring up the Open File dialog
. Fetch by ID... specify by database identifier a file to be retrieved and opened

. Restore Session... bring up a dialog for opening a previously saved session (Python file); clicking
the filename of a session shows its associated thumbnail image and session notes, if any

. Save Session - save the current session in the working directory; available when the current
session has been named with Save Session As... or was started by restoring an existing session;
does not update the associated thumbnail image, if any

. Save Session As... bring up a dialog for saving the current session to a specified name and
location; allows including session notes and/or a thumbnail image of the current Chimera display

. Save Image... bring up the Save Image dialog

. Save PDB... bring up a dialog for saving PDB files

. Save Mol2... bring up a dialog for saving Mol2 files

. Export Scene... bring up a dialog for exporting the scene from Chimera

. Close Session - clear session contents, show the Rapid Access interface
. Quit - exit from Chimera

+ Select

Selection designates items for subsequent Actions. When nothing is selected, Actions apply to "all." (Note:
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Any of the entries in Chemistry, Residue... amino acid category, and Structure can also be used to
specify atoms in the Command Line.)

. Chain
[only chain IDs found in currently open structures will be listed]
. Chemistry
o element
[many entries]
o functional group
[many entries]
o IDATM type
[many entries]
. Residue
o amino acid category
[many entries]
(the existing amino acid categories can be changed and new categories defined and listed
here, using ResProp)
[only residue names found in currently open structures will be listed, sorted into nonstandard
residues, standard nucleic acids, and standard amino acids]
. Structure
o backbone (only applies to amino acids and/or nucleic acids)
full - the amide backbone in peptides, the sugar-phosphate backbone in nucleic
acids
minimal - a continuous series of bonded atoms connecting the chain trace atoms (-
[N—CA—C]n— in peptides and —[05'—CS'—C4'—C3'—03'—P]n— in nucleic acids)

o ions - ions, using the same definition as surface calculations
o ligand - ligand, using the same definition as surface calculations
o main - main, using the same definition as surface calculations
o markers - markers and links (such as from Volume Tracer)
o hucleic acid - nucleosides, nucleotides, RNA, and DNA
o protein - amino acids, peptides, and proteins
o secondary structure (only applies to peptides/proteins; helix and strand assignments are
taken from the input structure file or generated with ksdssp)
coil - amino acid residues not in helices or strands
helix - amino acid residues in helices
strand - amino acid residues in strands
o side chain/base (only applies to amino acids and/or nucleic acids)
. with CA/C1'
. without CA/C1’
o solvent - solvent, using the same definition as surface calculations

. Sequence... find and select a specified amino acid and/or nucleotide sequence (atoms and bonds in
any/all matching segments will be selected)

. Atom Specifier... use atom specification syntax for selection

. By Attribute Value... open the Select by Attribute tool to select by attribute values

. Zone... select atoms and bonds within (or beyond) a specified distance from the currently selected
atoms, on a per-atom or whole-residue basis. If both the within and beyond options are checked,
only the atoms that fit both criteria will be selected, for example, those within 12 A but farther
away than 8 A.
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. Clear Selection - clear (deselect) the current selection
. Invert (all models) - select all currently unselected atoms and deselect all currently selected
atoms
. Invert (selected models) - in models containing selections only, select all currently unselected
atoms and deselect all currently selected atoms
. Select All - select all open models and their constituent parts
. Selection Mode (current_mode) - control whether a new selection via the menu will be added to,
subtracted from, intersected with, or used to replace the existing selection
o append
o intersect
o replace (default)
o subtract
o Show (Hide) mode icon - show, or hide if already shown, an icon in the status line for the
current menu selection mode: A for append, | for intersect, R for replace, or S for subtract;
clicking the icon cycles through the modes
. Broaden - expand the current selection up a level in the selection cascade

. Narrow - narrow a previously broadened selection down a level in the selection cascade
. Undo - undo the most recent selection operation

. Name Selection... name and save the current selection (see also the command namesel and the
Rapid Access interface). Named selections can be restored using the Select menu (see Named

Selections below) or the Rapid Access interface, and their names can be used for command-line
atom specification.

. Named Selections - retrieve a previously saved selection

+«~ Actions

Which items are affected by Actions (the targets) depends on the current selection. For actions under
Atoms/Bonds, Ribbon, Surface, Color, Label, Focus, and Set Pivot:

. When nothing is selected, the action affects all applicable items: molecule models and/or surface
models, depending on the action.

. Surface actions apply not only to selected surface pieces, but also to the molecular surface patches
of selected atoms.

Inspection and file-writing actions, however, apply only to explicit selections.

. Atoms/Bonds (see also the commands display and represent)

o show

o show only

o hide

o backbone only - only applies to residues in bonded chains of amino acids or nucleic acids
chain trace - show only one atom per residue, CA in each amino acid and C4' in
each nucleic acid residue (turns on auto-chaining)
full - show only the amide backbone in peptides, the sugar-phosphate backbone in
nucleic acids
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minimal - show only a continuous series of bonded atoms connecting the chain
trace atoms (—[N—CA—C]n— in peptides and —[05'—05'—04'—03'—03'—P]n— in nucleic

acids)
side chain/base - only applies to residues in bonded chains of amino acids or nucleic
acids. Each amino acid side chain includes any side chain atoms from CB outward, plus the
atom CA (for connectivity purposes); similarly, each nucleic acid base includes the base
plus the sugar atom to which it is bonded, usually named C1'.

show - display side chains/bases and turn auto-chaining on

show only - undisplay other atoms in the chain and turn auto-chaining off
stick (stick representation)
ball & stick (ball-and-stick representation)
sphere (sphere or CPK representation)

wire (wire representation)

wire width (see also the command linewidth) - always affects entire molecule models even
though the targets may be narrower

1

15

2

25

3

4

5
rings (see also the commandes fillring and aromatic) - aromatic rings can only be shown as
filled when their aromaticity display is turned off, and the aromaticity settings always affect
entire models even though the targets may be narrower

fill thick
fill thin
fill off

aromatic disk
aromatic circle
. aromatic off
nucleotide objects (see also the command nucleotides)
off - show atoms instead of sugar/base abstractions, remove any nucleotide ring fill
settings... open the Nucleotides tool for controlling special nucleotide
representations

o delete - remove atoms/bonds (caution: irreversible) like the command delete

. Ribbon - secondary structure ribbon (see also the commands ribbon and ribrepr). Ribbons are
only drawn for proteins and nucleic acids. By default, showing ribbon hides the corresponding
mainchain atoms (but see ribbackbone). Protein helix and strand assignments are taken from the

input structure file or generated with ksdssp.

show

hide

flat

edged

rounded

supersmooth

(note that additional styles can be defined and listed here, using the Ribbon Style Editor)

. Surface - molecular surfaces and surface models. Even though the targets may be narrower,
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representations (solid, mesh, and dot) always apply to entire surface pieces.

show

hide

solid

mesh

dot

transparency (surfaces colored with tcolor will not be affected)
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%

other... set surface transparency percentage to a typed-in value
base color - use transparencies included in color definitions (rather than overriding
them via this menu)

. Color (see also color, scolor)

u}

0

[top 20 colors]

by heteroatom - use a built-in color-by-element scheme, except leaving carbon atoms
unchanged

by element - use a built-in color-by-element scheme

from editor - open the Color Editor and use its current color; apply any color adjustments
made in the Color Editor until it is closed or reassigned to a different coloring operation by
clicking a color well. If during that time the selection is changed, any color adjustments will

be applied to the new selection.

none - remove color assignments; assignments at other levels in the coloring hierarchy
may become visible

all options... open the Color Actions dialog for access to all 60 colors and finer control
over which types of items are colored (for example, background only or ribbons only)

. Label (see also the commands label and rlabel for details, including label positioning, and
labelopt for custom labeling)

0

]

u}

u}

off - undisplay atom labels

name - label atoms by name (with any alternate location ID appended)

element - label atoms by element

IDATM type - label atoms by atom type

other... label atoms with an arbitrary string or with the values of atom attributes:
altLoc - alternate location identifier, if any
bfactor - B-factor value, if any

(etc.)
Newly generated numerical, boolean, or string-valued atom attributes will also be listed.

residue
off - undisplay residue labels
name - label residues by name
1-letter code - label standard amino acid residues by one-letter code, other
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residues by name
specifier - label residues by specifier (residue number, insertion code, and chain
ID); see custom residue labeling for number alone

name + specifier - label residues by name and specifier

1-letter code + specifier - label standard amino acid residues by 1-letter code
and specifier, other residues by name and specifier

custom... custom-label residues with an arbitrary string and/or other residue
information such as attributes
o options... open the Labels preferences for setting options such as font size
. Focus - focus the view on the targets that are also displayed and set the center of rotation method
to center of view (analogous to the command focus); if nothing is selected, set the center of
rotation method to front center; an exception to the preceding is that the center of rotation
method is not changed if it is independent
. Set Pivot - set the center of rotation to the center of the bounding sphere of the targets and set
the center of rotation method to fixed (analogous to the command cofr); if nothing is selected, set
the center of rotation method to front center. See also: Mouse preferences, Set Pivot in the atom
context menu

. Inspect - open the Selection Inspector, which lists what items are selected, shows their attributes,
and allows their attributes to be changed

. Write List... bring up a dialog for saving specifications as a parsable list. Specifications can be
saved for the selected (or unselected) atoms, bonds, pseudobonds, residues, molecules
(molecule models), or models (non-molecule models: molecular surface, surface, VRML, and
volume). The naming style controls the format of the specifications. Clicking the Log button sends

the information to the Reply Log instead of saving a file.
. Write PDB... bring up a dialog for saving the selection as a PDB file

+ Presets

A preset is a predefined combination of display settings. Choosing an entry in the Presets menu applies
its settings and is much easier than adjusting the many settings individually. Presets are provided for a
handful of usage scenarios; of course, many more combinations of settings are possible. See also: the

preset command, the New Molecules preferences

. Custom presets are user-defined, see below

. Interactive presets are meant for interactive manipulation and analysis. They may change which
items (atoms, ribbons, surfaces) are displayed and how they are colored. The background color is
set to black and the ribbon path method to B-spline.

o Interactive 1 (ribbons) - shows most peptide and nucleic acid chains as ribbons, plus
atomic detail (excluding hydrogens on carbon atoms) for residues within 3.6 A of a ligand
residue or metal ion. Atomic detail is also used for chains that are very short. Nucleic acids
may be shown with special sugar and base representations (as produced by Nucleotides),
with the level of abstraction dependent on size.

o Interactive 2 (all atoms) - displays all atoms and bonds as wires, with heteroatoms
colored by element. Carbons are shown in the model colors so that models will be

distinguishable from one another.
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o Interactive 3 (hydrophobicity surface) - shows amino acid hydrophobicity in the Kyte-
Doolittle scale with colors ranging from dodger blue for the most hydrophilic to white at
0.0 to to orange red for the most hydrophobic (different color-codings can be applied with
rangecolor or Render by Attribute). Surfaces of nonpeptides will be colored to match the
underlying atoms instead.

. Publication presets are intended for generating images for presentation and publication. They do
not change which items are displayed or their colors, but may change the styles of the items. For
example, ribbons are not hidden/shown, but any existing ribbon will be adjusted to rounded
ribbon or licorice according to the chosen preset. Similarly, atoms and bonds are not hidden/
shown, but any wire will be changed to sticks. The background color is set to white. Publication
presets may decrease interactive performance because they increase smoothness by using finer
divisions to depict curved objects (ribbons, molecular surfaces, etc.). Individual display parameters
are discussed in more detail in the tips on preparing images.

o Publication 1 (silhouette, rounded ribbon)

o Publication 2 (silhouette, licorice)

o Publication 3 (depth-cued, rounded ribbon)
o Publication 4 (depth-cued, licorice)

. Add Custom Presets... open the Presets preferences for specifying directories in which to look for
custom preset scripts

<~ Volume

The Volume menu is a replica of the Tools... Volume Data menu. It can be shown/hidden using Tools...
Volume Data... Volume Menu on Menubar or the similar entry in the Tools menu of Volume Viewer.

< Tools

The Tools menu contains the Chimera tools or extensions. In general, there will be several submenus of
the form

. Category
o Tooll
o Tool2

where choosing an individual tool (extension) launches it. See the Chimera Tools index for descriptions of
the individual tools.

If certain tools or extensions have been started and not quit during a Chimera session, their instances will
appear in the bottom section of the Tools menu:

. Tool_name (or Tool_name - data)
o Raise - open the tool interface (if closed) and bring it to the front
o Hide - close the tool interface without exiting
o Quit - exit from this instance of the tool
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+« Favorites

The Favorites menu contains the Preferences in addition to any subset of the entries in the Tools menu
(individually specified using the Tools preferences). The default contents are

. Model Panel - open the Model Panel, which lists the current models and enables many operations
upon them

. Side View - open the Side View for easy adjustment of scale and clipping planes

. Command Line - show the Command Line

. Reply Log - open the Reply Log containing informational, warning, and error messages from
Chimera

. Add to Favorites/Toolbar... open the Tools preferences
. Preferences... show and allow changes in Preferences settings

+« Aliases

Start-of-line aliases defined with the command alias will be listed here. Choosing an entry from the

Aliases menu executes the alias. The Aliases menu will only be present when there is at least one start-
of-line alias.

+ Help
Documentation pages requested from the Help menu will be shown in a browser window.

. Search Documentation... bring up a dialog for searching the local (bundled) Chimera
documentation (which includes the User's Guide, Programmer's Guide, and other items listed in
the Chimera documentation index)

One or more terms can be entered in the search field. Combinations of terms can be indicated with
and, or, not and parentheses. Separating terms with a space is equivalent to using and. Pressing
return (Enter) or clicking Search initiates the search. Hits will be listed in the Search Results
column as links to the corresponding documentation.

. User's Guide - open the Chimera User's Guide
. Commands Index - open the Chimera Commands Index
. Tutorials - open the Tutorials section of the Chimera User's Guide

. Context Help - describe the feature that is clicked next (avoid clicking the top bar of a dialog,
since that will fail to bring up a help page)

. Check for Updates (requires internet connectivity) - see if any production releases are newer than
the version in use, and if so, provide links to download them
. Contact Us - show e-mail addresses for asking questions or making suggestions

. Report a Bug... open a form for bug submission
. Citation Info - show how to cite usage of Chimera
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. Registration... open a form for registration as a Chimera user
. About UCSF Chimera - report what version of Chimera is being used and show copyright
information (like the command version)

UCSF Computer Graphics Laboratory / April 2013

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/menu.html (9 of 9) [11/18/14 3:10:47 PM]
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3D Manipulation

A mouse or touchpad (trackpad) can be used to manipulate the view of structures and other 3-
dimensional data in the Chimera graphics window. The Mouse preferences contain assignments for a

three-button mouse, but a one- or two-button mouse can also be used. Users of the Mac X11 version of
Chimera, see below. See also: Movement Mouse Mode, Constrained Move, other input devices

In the laboratory coordinate system, the X axis is horizontal in the plane of the screen, the Y axis is
vertical in the plane of the screen, and the Z axis is perpendicular to the plane of the screen. By default,
active models can be:

. rotated with the left mouse button in the graphics window. Rotation is about the X and/or Y axis
when the cursor is in the central region of the graphics window (the cursor becomes a small circle)
and about the Z axis when the cursor is in the periphery of the graphics window (the cursor
becomes two curved arrows in yin-yang configuration). The center of rotation can be adjusted with
the Rotation tool or the command cofr.

. XY-translated with the middle mouse button (the cursor will look like a cross formed by two
double-headed arrows). On Windows, depending on the mouse setup, an adjustment may be
required.

. scaled (zoomed) with the right mouse button (the cursor will look like a diagonal double-headed
arrow enclosing a small square); movements downward and/or to the right increase the scale,
whereas movements upward and/or to the left decrease it. Interactive scaling can also be done
with the Side View and possibly scrolling.

. Z-translated with CtrlI-middle mouse button (the cursor will look like a vertical double-headed
arrow); movements downward and/or to the right translate structures closer, and movements
upward and/or to the left translate structures farther away. Note that Z-translation is not the same
as scaling.

Also by default,

. Ctrl-left mouse button performs picking (selection from the graphics window); the cursor will look
like a pointing hand. Doubleclicking while picking an atom or bond elicits a context menu.

. Ctrl-right mouse button centers a clicked item (atom, bond, pseudobond, residue ribbon, or
surface piece) and makes the centered point a fixed center of rotation; clicking empty space
restores the front center rotation mode.

. Pausing the cursor over an atom or bond (without clicking any buttons) will show the
corresponding label information in an atomspec balloon, and the PDB description of the chain, if
available, in the status line. Whether to show atomspec balloons can be set in the Labels
preferences. Similarly, many dialogs include balloon help, additional text that is displayed when
the cursor is paused near some relevant part of the dialog. Whether to show balloon help can be
set in the Messages preferences.
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3D Manipulation

Mouse button assignments and whether to use scrolling can be changed in the Mouse preferences.

Additionally holding down the Shift key reduces the sensitivity to mouse manipulations in the main
window and the Side View by a factor of 10.

Users of the Mac X11 version of Chimera on Mac OS 10.5 or higher may need to turn on emulation of a 3-
button mouse in the Input section of the X11 preferences. This is not an issue for the native Mac (non-X-
Windows) version of Chimera.

Touchpad or One- or Two-Button Mouse

Used alone, a one-button mouse or simple touchpad click-and-drag acts as button 1, but buttons 2 and 3
can be emulated with modifier keys. On a Mac, buttons 2 and 3 can be emulated with the option and

command (3:ﬁ) keys, respectively. For example, touchpad click-and-drag with the option key held down
performs the button 2 action, XY-translation by default. See also multitouch actions.

A two-button mouse is also quite workable. The two buttons can be assigned to rotation and (XY)
translation, as alternative methods are available for interactive scaling (Side View and possibly scrolling
and/or touchpad pinch). Button 1 is already assigned to rotation by default, but depending on whether the
other mouse button is treated as button 2 or 3, it may be necessary to use the Mouse preferences to
assign it to translation.

An Apple Magic Mouse allows scrolling and can be configured to act as if it had three buttons:

. ‘“secondary click” can be enabled in the Mac System Preferences (acts as button 3 in Chimera)
. the free MagicPrefs app can be used to activate middle click (acts as button 2 in Chimera)

Multi-Touch Actions

Whether to use multitouch gestures on Mac (default true) is specified in the Mouse preferences. On a Mac
touchpad, these are:

. two-finger drag - XY-rotation

. two-finger twist - Z-rotation

. pinch motion - zooming (scaling)
. three-finger drag - XY-translation

Activation for Motion

A model must be active (activated for motion) to move in response to manipulations. Models are active by
default. Toggling model activation status allows users to manually position one model relative to another.
Models can be activated/deactivated using:

. the A(ctive) checkboxes or activation function buttons in the Model Panel
. the checkboxes under the Command Line
. the command select
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Context Menus

Doubleclicking while picking an atom or bond elicits a pop-up menu with entries that depend on the
context:

for an atom when O or >3 other atoms are selected:
o if the atom is a metal ion, Coordination Geometry - open the Metal Geometry tool
o Show Distances to Nearby Residues - label and display residues with any atom within 3.6
A of the current atom, show the corresponding distance monitors (ignoring atoms in the
same residue as or within two bonds of the current atom), remove monitors and labels
previously shown for another atom using this function; toggles to Hide Distances... to
remove monitors and labels previously shown for the current atom

o Modify Atom - open the Modify Structure dialog
o Set Pivot - set fixed center of rotation at the atom

o Inspect - open Selection Inspector
for an atom when one other atom is selected:

o Show Distance - create a distance monitor between the two atoms

o Inspect - open the Selection Inspector
for an atom when two other atoms are selected:
o Measure Angle - show a measurement of the angle formed by the three atoms in the
Angles/Torsions dialog
o Inspect - open the Selection Inspector
for an atom when three other atoms are selected:
o Measure Torsion - show a measurement of the torsion angle formed by the four atoms in
the Angles/Torsions dialog
o Inspect - open the Selection Inspector
for a bond when no other bonds are selected:
o Rotate Bond - activate the bond for rotation, open the Adjust Torsions dialog
o Adjust Bond - open the Adjust Bonds dialog to delete the bond or change its length
o Select Bonded - select the flanking atoms
v Inspect - open the Selection Inspector
for a pseudobond, or for a bond when other bonds are selected:
o Select Bonded - select the flanking atoms

o Inspect - open the Selection Inspector

Other Input Devices

SpaceNavigator
Leap Motion Controller

See also: RBVI Technology Notes

SpaceNavigator

Chimera supports the 3Dconnexion SpaceNavigator ™ input device. Other 3Dconnexion devices may also
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work. The 3Dconnexion driver must be installed, except on Linux, where spacenavd (an open-source

alternative to the 3Dconnexion driver) must be installed. Thanks to Thomas Margraf, University of
Hamburg, for the Linux implementation.

Besides a cap that can be tilted, rotated, and pushed/pulled in any direction, the SpaceNavigator has two
buttons with the possible Chimera functions:

. Button 1 or Fit centers the models and scales them to fit in the window

. Button 2 toggles a mode allowing simultaneous rotation and translation (the default dominant
mode only allows rotation or translation depending on which user motion has the larger amplitude)

The Zoom Direction controls how the cap coordinate system relates to the screen coordinate system:

. when up/down cap motion zooms the models, the tabletop plane maps to the plane of the screen;
the systems are related by a rotation of approximately 90°
. when closer/farther cap motion zooms the models, the systems are approximately aligned

Zoom direction and other settings are shown in system dialogs (for example, the Windows Control Panel or
Mac System Preferences), although some of the Mac controls appear to have no effect.

Accelerators (keyboard shortcuts) for changing SpaceNavigator behaviors:

. na - toggle between moving all models and moving only the active models
. nd - toggle between dominant mode and allowing simultaneous rotation and translation

. nf - toggle fly-through mode, where the device moves the viewpoint rather than the models (as if
all axes were reversed); currently hard to control

. Nz - toggle whether model in/out motion is true zooming (scaling the entire scene) or Z-
translation (moving models relative to the front and back clipping planes)

Accelerators are disabled by default. One way to enable their use is with the command ac.

SpaceNavigator problems on Mac:

1. Chimera responds to SpaceNavigator even when it does not have the application focus.
2. SpaceNavigator response becomes sluggish after hours of use or idle time.
3. SpaceNavigator response stops after computer wakes from sleep.

Restarting Chimera resolves problems 2 and 3.

Leap Motion Controller

The Leap Motion Controller uses two cameras to track finger and hand movements. The leap command
controls the device's mode of interaction with Chimera.

UCSF Computer Graphics Laboratory / February 2014
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The Viewing Tool

The Viewing Tool

The Viewing Tool has five tabbed sections, also listed separately as Chimera tools:

. Camera
. Effects

. Rotation
. Side View
. Lighting

Clicking the tab for a section brings it to the front. For the front section only, Reset replaces the current
settings with the original “factory” defaults, Restore replaces the current settings with those previously
saved in the preferences file, and Save saves the current settings to the preferences file. Close dismisses

the Viewing Tool, and Help opens this manual page in a browser window.

Camera —amera

The Camera section of the Viewing Tool controls several aspects of the view, including stereo
parameters. There are several ways to start Camera, a tool in the Viewing Controls category. Default

settings are indicated in bold. See also: stereo, set

. camera mode - refers to any of several stereo and mono viewing options (details...):

o mono (default, not in stereo)

o stereo left eye

o stereo right eye

o Cross-eye stereo

o wall-eye stereo

o red-cyan stereo - overlapping left-eye and right-eye views in different colors, to be viewed
with "glasses"” (often inexpensive cardboard/plastic) with colored filters

o green-magenta stereo - similar to red-cyan, but with different colors and trade-offs

o sequential stereo - rapid flickering between left-eye and right-eye views, to be viewed with
special synchronised glasses. Sequential stereo is not always available.

o reverse sequential stereo - as above, but with the opposite convention for the two views

o row stereo, right eye even - row-interleaved with even rows used for the right-eye view

o row stereo, right eye odd - row-interleaved with odd rows used for the right-eye view

o dome - angular fisheye of the hemisphere in front of the camera, with horizontal field of

view locked to 90°

o truncated dome - same as the dome mode, except with the bottom of the hemisphere cut
off
o DTI side-by-side stereo

. projection (perspective/orthographic) - perspective makes farther-away objects smaller, and is
indicated in the Side View by red lines diverging from the eye position. An orthographic projection
has no scaling-with-distance effect, and is indicated in the Side View by horizontal red lines.

. scale factor (1 when a structure is first opened) - a factor reflecting the cumulative effects of
scaling with the mouse, the Side View, and/or the command scale

. near plane - Z-coordinate of the front global clipping plane
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. far plane - Z-coordinate of the back global clipping plane

. horizontal field of view (allowed range 1.0-179.0°) - controls how much of the scene is visible
within the graphics window; a smaller value zooms in on a smaller portion of the scene. The
vertical field of view will change along with the horizontal field of view according to the aspect
ratio of the graphics window.

. Stereo parameters

o units (millimeters/centimeters/inches) - units for the following stereo parameters

o eye separation (default 2.0 inches) - effective distance between the left and right eyes

o distance to screen - effective distance from the viewer to the screen (or focal plane, even
though items out of this plane do not appear “out of focus”). When viewed in stereo, items
in front of the focal plane will appear to project from the screen, and items behind the
plane will appear to recede behind the screen.

o screen width - physical width of the entire screen (not just the graphics window). The
value is initially what is reported by the windowing system, but it can be edited. Changing
the value does not resize the graphics window.

The eye separation and distance to screen govern the parallax between the left- and right-eye
views. The horizontal field of view, distance to screen, and screen width are interdependent.
The graphics window width is determined from the screen width and the known pixel dimensions
of the screen and graphics window. For a given graphics window width, the horizontal field of
view and distance to screen are inversely related; changing one changes only the other, in the
opposite direction. Changing the screen width value or resizing the graphics window (widthwise)
changes only the distance to screen, in the same direction.

The horizontal field of view, eye separation, and position of the focal plane relative to the items in view
can be changed interactively using the Top View.

Effects MI

The Effects section of the Viewing Tool controls visual effects such as depth cueing. There are several
ways to start Effects, a tool in the Viewing Controls category. Default settings are indicated in bold. See
also: set, background, preset

. depth cueing (on by default) refers to front-to-back shading with the depth-cueing color. The

shading increases linearly from start to end.
v start (default 0.5) - where depth-cueing starts, relative to the front (0.0) and back (1.0)
global clipping planes; values outside the 0-1 range are allowed
o end (default 1.0) - where depth-cueing attains full strength, relative to the front (0.0) and
back (1.0) global clipping planes; values outside the O-1 range are allowed
o color (a color well, No Color by default) - the color used for front-to-back shading (depth
cueing). When set to No Color, the shading color will be the same as the background color.

. silhouettes (off by default) - show outlines to emphasize borders and discontinuities. This setting
is global (applies to all models), but when it is on, silhouettes can be toggled for individual models
with the command setattr, the Selection Inspector, or the molecule model attributes panel.

o color (a color well, default No Color, equivalent to black)

o width (default 2.0) - linewidth
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. shadows (off by default) - display interactive shadows
o quality - a tradeoff between the smoothness of shadow borders and computational
demands; simply trying the settings is recommended to determine which works best for a
given system:

graphics card
quality setting memory 2D texture size
usage (MBytes)
coarse 4 1024
normal
(default) 16 2048
fine 64 4096
finer 256 8192

. transparency:

o single-layer (on by default) - render only the topmost layer of all transparent items.
Showing only the topmost layer rather than all transparent layers simplifies the display and
is recommended for de-emphasizing transparent parts.

o flat (off by default) - make apparent transparency independent of the viewing angle.
Otherwise, transparent triangles (forming objects as well as surfaces) will appear more
opaque when viewed edged-on than when viewed face-on.

. graphics quality:
o subdivision (default 1.5, maximum 20.0) - the stick, ball-and-stick, sphere, and ribbon
representations consist of curved surfaces approximated by collections of planes;

increasing the subdivision level increases the number of planes and the apparent
smoothness. This setting also affects curved geometric objects defined in BILD format, but
not molecular surfaces. Display presets adjust the subdivision level to 1.5 (interactive) or
5.0 (publication).

o multisample (off by default) - whether to use OpenGL multisampling, i.e., multiple
samples per pixel so that edges are antialiased. If not well supported by the system,
rendering with this option can be very slow or reveal graphics driver bugs. Multisampling
can also be enabled with the startup option ——multisample.

Rotation E:u:ututiu:un|

The Rotation section of the Viewing Tool controls rotation behavior. There are several ways to start
Rotation, a tool in the Movement category. See also: cofr, focus, set independent, Mouse preferences,
Set Pivot and Focus in the Actions menu

. center of rotation method:

o fixed - at a fixed point relative to the model(s), see rotation center

o center of models - at the center of the bounding sphere of the displayed parts of active
models

o independent - a separate center for each model rather than a single collective center

o center of view - continually adjusted to the current center of view (in the middle of the
window, halfway between the front and back global clipping planes)

o front center (default) - when the view is zoomed out, behaves like center of models; when
the view is zoomed in on parts of items, behaves like center of view, except the center of
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The Viewing Tool

rotation depth (Z-coordinate) is set to that of the frontmost displayed unclipped atom
whose VDW sphere intercepts a line perpendicular to the screen in the window center. The
center is not updated when only rotations are performed.
. rotation center (X, Y, and Z coordinates in the laboratory frame of reference) - editable only when
the center of rotation method is fixed, meaningless when models are set to rotate independently

Side View

The Side View section of the Viewing Tool a o Viewing

provides a convenient and intuitive way to

scale the view and to control clipping. There Camera | Side View | Rotation | Effects | Lighting

are several ways to start the Side View, a tool
in the Viewing Controls category.

. The yellow square on the left
represents the viewer's eye position.
Dragging it horizontally with the left
mouse button adjusts the scale factor.
This does not change the stereo

parameter distance to screen. Double-
clicking the eye position brings up a
menu for changing the camera mode.

| Clip  Surface capping... ) [ View All )Side: | right v

. The vertical yellow lines represent the — - § §
front and back (hither and yon) global " Reset ) [ Restore | Save ) [ Close ) [ Help

clipping planes. Each can be dragged
with the left mouse button. Dragging the hither plane with the middle or right mouse button
moves both clipping planes in the same direction, while dragging the yon plane with the middle or
right mouse button moves the clipping planes in opposite directions.

. The red lines emanating from the eye position show the field of vision. The lines diverge when
perspective is used, but are parallel in the orthographic projection.

Simultaneously holding down the Shift key reduces the speed (mouse sensitivity) of dragging operations
by a factor of 10.

The Clip checkbox indicates global clipping status (on or off). Surface capping... brings up the Surface
Capping dialog for controlling the appearance of planar caps where surfaces are sliced away.

Clicking View All turns off global clipping and adjusts the scale to include everything that is displayed.
Model rotations and translations are not adjusted.

The default Side is right: it shows the relationship between the viewer and the Chimera scene from the
viewer's right side. Setting View to top switches to a top view in which stereo parameters and perspective
can be adjusted interactively.
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The Lighting section of the Viewing Tool allows lighting parameters to be changed and saved. There are
several ways to start Lighting, a tool in the Viewing Controls category. See also: lighting, lighting details

Lighting includes two parts:

. Intensity
. Shininess

The buttons along the bottom of the dialog (Reset, etc. as described above) apply to both parts even
though only one part is shown at a time.

Settings in Lighting (again, both parts) collectively define a scheme or style that can be named, saved, and
later retrieved from the pulldown list marked with a black triangle in the Lighting Settings area. Choosing
a style from the list automatically applies it. When the name Chimera default is shown, it is only possible
to save to a different name, using Save As.... When another name is shown, it is possible to

. Save the current settings to the name shown
. use Save As... to save the current settings with a new name
. Delete the style whose name is shown

Named lighting styles are saved in the Chimera preferences file, and are only updated with any changes

when Save, Save As..., or Delete is used. The settings in effect when a session is saved (whether or not the
style has a name) are included in the session file. A lighting style can also be saved, applied, or deleted
with the lighting command.

The Intensity section includes:

. mode - the number and type of lights (details...):

o ambient - ambient light only

o single - ambient light and one directional light (the key
light)

o two-point (default) - ambient light and two directional
lights: key and fill

o three-point - ambient light and three directional lights:
key, fill, and back

By default, only the key light gives specular highlights, and the

key light: fill light: Il

other lights are treated as shadowless during raytracing.

The directional lights can be moved interactively by dragging the color-coded solid arrows on the
sphere (green:key, purple:fill, red:back). The back light is restricted to the rim of the sphere and
is not included in the brightness. Outlines on the sphere in the two- and three-point modes
represent commonly used light positions.

. brightness (default 1.16) - the total illumination along the line of sight, disregarding any specular
contributions; slider values range 0.0-2.0
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. contrast (default 0.83) - darkness of shading; at a given brightness B, decreasing the contrast C
increases the ambient light: A = B(1 - C). Contrast does not apply to the ambient-only mode.
Values range 0.0-1.0.

. key-fill ratio (default 1.25) - the ratio of (directional key + ambient) to (directional fill + ambient),
disregarding any specular contributions; applies only to the two-point and three-point modes.
Values range from 1.0 to an upper bound that depends on the contrast.

Shininess

The Shininess interface controls the specular parameters of the viewed objects (rather than the light
sources). Although part of the Lighting tool, Shininess is also handled as a separate tool in the Viewing

Controls category. See also: lighting, lighting details

. sharpness (default 30.0, range 1.0-128.0) - refers to the “spread” of highlights; lower values yield
larger, more diffuse highlights, while higher values yield more pointlike highlights. Technically,
sharpness is the OpenGL specular exponent. The effective highlight intensity varies as the cosine
of the angle between the view direction and the direction of the reflected light, raised to the power
of this exponent.

. reflectivity (default 1.0, range 0.1-10.0) - scale factor for the components of the specular color
(below). The resulting values may exceed 1.

. color (a color well, a light gray by default) - specular color, that used for shiny highlights. It is
added to the color that would be shown in the absence of highlights. If the color is already bright
white, highlights will not be discernable; if the color is nominally green and the specular color is
red, the highlights will appear to be yellow. This explanation assumes that all light sources are
white or gray; however, lights have their own diffuse and specular colors, which must be combined

with that of the material.

The Shininess interface adjusts the material properties of the Chimera default material. Stick, ball-and-
stick, sphere, and ribbon representations and molecular surfaces use the default material. It is not
possible to independently control the shininess of different models that use the default material. Except
for surfaces generated by Volume Viewer and Multiscale Models (for which special code was written), the
properties of models that do not use the default material (VRML models, for example) are not adjusted.

UCSF Computer Graphics Laboratory / November 2013
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Selection

Selection

In Chimera, selection specifies atoms, bonds, residues, molecule models, and surfaces for subsequent
operations with the Actions menu. When selected, these items (as well as pseudobonds) can be inspected

and modified with the Selection Inspector. The current selection can also be specified in commands by
the word selected, sel, or picked.

Ways to make a selection:

. picking from the graphics window

. using the Select menu

. using the command select

. with tools such as the Model Panel or Sequence

Selecting a ribbon segment selects the atoms/bonds in the corresponding residue(s); selecting a molecular
surface selects the atoms/bonds in the corresponding surface category.

Ways to clear a selection:

. picking in empty space

. choosing Select... Clear Selection from the menu
. using the command —select

. pressing Shift-left arrow

By default, a selection is outlined in green (see the Selection preferences) and its contents are reported on
a button to the right of the status line. Clicking the button opens the Selection Inspector.

Whether a new selection is added to, subtracted from, intersected with, or used to replace the existing

selection can be set with Select... Selection Mode (current_mode). Replacement is the default mode.
Selection mode does not apply to picking from the graphics window.

Selections can be broadened, narrowed, and inverted. The most recent selection operation can be undone

with Select... Undo (or by pressing the left arrow key).

Picking from the Graphics Window

During selection from the graphics window (picking), the cursor looks like a pointing hand.

. by default, Ctrl-button 1 (left mouse button) is assigned to picking; button assignments can be
changed in the Mouse preferences

. clicking the assigned button over a selectable item selects it, whereas clicking in empty space
clears the selection

. holding down the assigned button and dragging a rectangular outline selects all enclosed items

. additionally pressing the Shift key adds to a selection (or toggles its selection status) without
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deselecting anything else

The selection mode does not apply to picking.

When a plus sign (+) has been typed into the Command Line, it will be replaced by the atom specification
string of the next picked atom. Each plus sign must be preceded and followed by a space (or the end of
the line).

Doubleclicking while picking an atom, bond, or pseudobond elicits a context menu for inspecting the item
or performing related tasks (for example, distance measurement or bond rotation).

By default, placing the mouse cursor over an object such as an atom, bond, or surface (without clicking
any buttons) will show its label information in an atomspec balloon. The atomspec balloon indicates what

would be selected by picking at the current position, but more generally, it is useful for identifying objects
without displaying their labels. Sometimes one would rather see information for the atoms under a
molecular surface than for the surface itself. This can be achieved by making the surface unselectable with
the mouse, for example with the command:

Command.: setattr s piecesAreSelectable O

Then, an atomspec balloon will report information for the atom under the cursor position, not necessarily
the same as the atom giving rise to the surface patch under the cursor position. The atoms must be
displayed for their atomspec balloons to appear, but they do not need to be visible; they could be behind
opaque surface. However, the surface can be made transparent (with Actions... Surface... transparency or

the command surftransparency) to allow viewing the underlying atoms at the same time.

Selection with Tools

After one or more lines (models) have been chosen in the left side of the Model Panel, any of several
functions listed on the right side of the panel may be executed, including select and select chain(s).

Analogously, once one or more pseudobond groups have been chosen within the left side of the
PseudoBond Panel, the select button in the right side of the panel can be used to select them.

The Sequence tool shows the sequences of peptide and nucleotide chains. Selections can be made by
dragging with the mouse in the sequence.

Only the most general approaches are mentioned here; many additional tools generate selections.
Broadening, Narrowing, and Inverting Selections
A selection can be broadened and narrowed using:

. the up arrow and down arrow keys, respectively

. Broaden and Narrow in the Select menu
. the command select with the keywords up and down, respectively
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Selection

Selection-level cascades:

. atom/bond < residue < protein secondary structure element (helix, strand, or coil) «— connected
set of atoms (except not crossing chain ID boundaries) « atoms with the same chain ID <
submodel « molecule model < all molecule models

. pseudobond (except in a chain trace) «» pseudobond group « all pseudobond groups
. surface piece <« surface model

The original selection can be broadened to successively higher levels until the top level is reached, or
narrowed in one step to nothing. The original selection is remembered and can be regenerated by the
reverse process. Often, multiple levels collapse into one; for example, pressing the up-arrow key just once
could broaden the selection from a monatomic ion to everything with the same chain ID.

If the original selection includes both atom(s) and pseudobond(s), the selection will broaden to
pseudobond group in the same step as it broadens to chain, and to all pseudobond groups in the same
step as it broadens to all molecule models. Although implemented as pseudobonds chain trace bonds are

treated like regular bonds between residues for the purposes of broadening and narrowing selections.

See also the keyboard shortcuts rn, rp, ri for shifting a selection to the next residue in a chain, the
previous residue, and to include intervening residues, respectively. These can be used as commands with
ac (for example: ac rn).

A selection can be inverted to select the currently deselected atoms/bonds and vice versa:

. within models containing selections, by:
o pressing the right arrow key
o using Select... Invert (selected models)
o using the command select invert sel
. within all models, by:
o pressing Shift-right arrow
o using Select... Invert (all models)
o using the command select invert

Summary of Arrow Key Shortcuts

When the keyboard focus is in the main Chimera window, arrow key shortcuts adjust the selection:

. up arrow - broaden the selection

. down arrow - narrow the selection

. right arrow - invert the selection within selected models
. Shift-right arrow - invert the selection within all models

. left arrow - undo the most recent selection operation
. Shift-left arrow - clear the selection
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Atom Specification

Atoms may be specified in commands using:

. hierarchical specifiers
. Zones

. built-in classifications
. attributes

or combinations of these. Some commands accept specifications of non-
atomic models.

In many commands where the specification is the last argument (e.g. color), a
blank specification means “all.”

In commands where the specification is not necessarily the last argument (e.g.
findclash), specifications with embedded spaces should be enclosed in single
or double quote marks.

When a plus sign (+) has been typed into the Command Line, it will be
replaced by the atom specification string of the next picked atom. Each plus

sign must be preceded and followed by a space (or the end of the line). In
addition, the following are valid atom specifications:

. selected, sel, or picked, indicating atoms that are selected

. names of previously saved selections, using sel=selection_name or just
selection_name; if a saved selection has the same name as a surface
cateqgory, the saved selection will be used.

Those familiar with atom specification in Midas may wish to consult the
summary of differences.

Hierarchical Specifiers

BASIC ATOM SPECIFICATION

Symbol | Reference Level Definition
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Atom Specification FrameSet

model number assigned to the model by default or
# by the user with the open command.
residue name
residue OR
residue sequence number, with any insertion
code appended
residue residue name
@ atom atom name

Each file of coordinates opened in Chimera becomes a model with an
associated model ID number. Model numbers are assigned by the user with the
open command or sequentially by default. Each model contains one or more
residues, and each residue contains one or more atoms with names that are
unique within that residue. Thus, an atom can be specified by its model
number, residue number, and atom name. The lack of a specifier is interpreted
to mean all units of the associated reference level; for example, if a model
number is not given, the specification refers to all models.

Residue and atom names are read from the input file. In PDB format, a
standard nomenclature is used for standard amino acid and nucleic acid
residues. Asterisks (*) in input atom names will be translated to prime symbols
(", but translated back if coordinates are later saved to a file. Prime symbols in
input atom names are not translated on input or output.

Model and residue numbers are integers, although a residue number may have
an insertion code directly appended. Multiple model nhumbers or residue
numbers may be indicated by comma-separated lists and/or one or more
ranges of the form start-end. The words start and end can be substituted for

start and end, respectively, and all can be substituted for the whole range
(same as no specification at that level).

Residue names and numbers cannot be specified together using a single
colon, but both can be specified in a single line by using more than one colon.
For example, to specify all residues named HEM and residue 52:

‘hem:52 (NOT :hem,52)

More examples:

#0

- all atoms in model O

#3:45-83,90-98

- residues 45-83 and 90-98 in model 3
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#0:12@CAN

- alpha carbon and nitrogen of residue 12 in model O

112,14@CA

- alpha carbons of residues 12 and 14

:12:14@CA

- all atoms of residue 12 and alpha carbon of residue 14

:12-20@CA:14@N

- alpha carbons of residues 12-20 and nitrogen of residue 14

Ays
— Or -—

tlys

- all lysine residues

In some cases, the basic notations cannot uniquely specify the model, residue,
or atom of interest:

SUBCATEGORIES

General Form Explanation

when a single PDB file contains multiple
#model(s).submodel(s) | MODELSs, they are considered submodels 1, 2, ...
of a single model in Chimera

when a single model contains multiple chains, a
:residue(s).chain(s) | unique specification includes both residue
number and chain identifier

when a single residue contains alternate
locations of certain atoms, an independent
specification includes both atom name and
alternate location identifier

@atom(s).altloc(s)

Submodel(s) are integers and may be indicated by a single value or a range of
the form start-end. The words start and end can be substituted for start and

end, respectively, and all can be substituted for the whole range (same as no
submodel specification).

Chain(s) and altloc(s) are alphabetical characters. Any residue in PDB HETATM
records (or the mmCIF equivalent) that does not already have a chain identifier
is assigned to chain het, unless the residue is named WAT or HOH, in which
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case it is assigned to chain water; residue numbers are unchanged. (See also
the residue attribute isHet.) Residue specifications with chain IDs omitted will
match residues in chains with single-character IDs but not residues in these

special chains. For example, :12 includes :12.A and :12.B but not :12.water
or :12.het.

Capitalization of residue and atom names, chain identifiers, insertion codes, or
alternate location identifiers is not important, with one exception: when a
model contains both uppercase and lowercase chain identifiers, case matters
for chain specification in that model only.

Subcategorizations are appended to the basic specification. The symbol for the
relevant category (#, :, or @) must precede the subcategory specification,
although they need not be immediately adjacent. Because commas are used
only to separate values of the basic reference levels (model, residue, and
atom), they cannot be used to separate values of the sublevels directly.
For example,

#0.1-3,5

is interpreted as submodels 1-3 of model 0 and all of model 5, while

#0.1-3,.5

indicates submodels 1-3 of model 0 and submodel 5 of all models.

A subcategory specification applies only to the preceding category value(s) not
separated from it by any commas. Thus,

:50.B,.D

indicates residue 50 in chain B and all residues in chain D;

:12-15,26-28.a,45.b@ca

specifies CA atoms in residues 12-15 in all chains (except the special chains

het and water), 26-28 in chain A, and 45 in chain B. The following specifies
residues 12-15 in no-ID chains only:

:12-15.

More examples:

b

- chain B
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.a@n,ca,c,0

- peptide backbone atoms in chain A

:195.a,221.a@n,ca,c,0

- peptide backbone atoms in residues 195 and 221 of chain A

522 .water

- water residue 522 (a HETATM residue named HOH or WAT without a chain ID
in the input file)

@.a

- all atoms with alternate location identifier A

WILD CARDS

The global wild card * matches all atoms in a residue or all residues in a
model. It stands alone as a symbol, that is, it cannot be used to match parts of
names, such as G* or *A. The partial wild card = matches parts of atom or
residue names but not parts of residue sequence numbers; similarly, the
single-character wild card ? matches single characters within residue or
atom names but not single digits within residue sequence numbers. For
example:

#1:12@*
#1:12

all atoms in residue 12 of model 1

#0,1,2:50-*@QCA

all alpha carbon atoms in residues 50 to the end of models O, 1 and 2

#2:G??

all residues which have three-letter names beginning with G in model 2

Ffmn@?1

atoms within residue FMN which have two-letter names ending with 1

@S=
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- all atoms which have names beginning with S; in general, this will be all
sulfur atoms

#O@H@H?@H??

- all atoms with one-, two-, or three-letter names beginning with H in model
0

Zones

Zone specifiers indicate atoms and residues that are within or beyond a given
distance of the referenced atom(s). z< and zr< specify all residues with any
atom within the given distance from the referenced atoms. za< specifies all
atoms within the given distance. z>, zr>, and za> yield the sets
complementary to their < counterparts. For example,

#1.gtp za<10.5
specifies all atoms within 10.5 A of any atom in residue GTP, model 1.

Zone specifiers refer to atoms only, not surfaces; however, the command
zonesel allows basing zones on surfaces and including surfaces in zones.

Built-in Classifications

Any of the entries in the following sections of the Select menu can be used for
command-line atom specification:

. Chemistry
. Residue... amino acid cateqgory
. Structure

For example, Structure includes

. type of molecule: protein, nucleic acid, markers

. protein secondary structure: helix, strand, coil

. automatic categories for surface calculation: main, ligand, solvent,
ions

The same pattern of capitalization and spaces, if any, as shown in the Select
menu should be used. Where there is ambiguity, the parent menu should be
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included in the specification, for example, "IDATM type.H" or "element.H"
instead of "H" alone. The parent menu can be included in this manner even
when not necessary.

One can also use custom amino acid categories that have been defined with
ResProp and custom categories for surface calculation that have been defined
with the command msms cat (surfcat). If a saved selection has the same name
as a surface category, the saved selection will be used.

Some examples:

side chain/base.without CA/C1'
—_ Or —_
without CA/C1'

- atoms in amino acid side chains (not including CA) and atoms in nucleic acid
bases (not including C1')

#1 & Mg

- magnesium atoms/ions in model 1

helix & positive

- residues in helices that are also in the positive amino acid category

carboxylate

- atoms in carboxylate groups

solvent

- atoms automatically categorized as solvent

Attributes

Attributes are properties of atoms, residues and models. The slash mark /
indicates specification by attribute name and value. The symbol for the
relevant category (@ for atom attributes, : for residue attributes, # for model
attributes) must precede the slash mark, although it need not be
immediately adjacent.

Multiple attributes at the same reference level (different atom properties, for
example) can follow a single slash mark and should be separated by and or or.
When and and or occur in the same list, and has higher priority (and-
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separated lists can be considered as grouped within parentheses).

The attribute names are case-sensitive; the attribute values, if any, are case-
sensitive if specified with ==, but not if specified with =. Attribute values
containing spaces (some color names, for example) must be enclosed by
double quotes. The exclamation mark ! indicates that the atoms, residues, or
models must not match the subsequent attribute specification. For yes/no
properties the syntax is !attribute_name, and for multivalued properties the
syntax is attribute_name'=value.

Attributes with numerical values can also be used with > (greater than), < (less
than), >= (greater than or equal to), and <= (less than or equal to).

Color values can be specified:

. by name, built-in or defined previously with colordef

. as a comma-separated list of component values red,green,blue,alpha
where each value can range from zero to 1 and specification of alpha (1
- transparency) is optional

When placed before an attribute name, the caret » indicates that the atoms,
residues, or models have not been assigned any value for the attribute. For
example, :/~kdHydrophobicity designates residues (such as water or nucleic
acids) that lack a Kyte-Doolittle hydrophobicity assignment.

The operators ~ and !~ can be used instead of = and !=, respectively, to
indicate that the subsequent string should be treated as a reqular expression.

SELECTED ATOM ATTRIBUTES —

Atomspec Usage Explanation

altloc is the alternate location identifier of

altLoc=altloc the atom

sasa is the solvent-accessible surface area
areaSAS=sasa of the atom (available when a molecular
surface has been computed)

sesa is the solvent-excluded surface area
areaSES=sesa of the atom (available when a molecular
surface has been computed)

bfactor is the B-factor value of the atom

bfactor=>bfactor (see also Thermal Ellipsoids)

color is the color of the atom (assigned on

color=color a per-atom basis; see coloring hierarchy)

. rad is the default VDW radius of the atom
defaultRadius=rad in A
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display

whether display is enabled at the atom level
(see display hierarchy)

drawMode=mode

mode can be 0 (synonyms: dot, wire,
wireframe), 1 (sphere, cpk, space-filling), 2
(endcap, stick), or 3 (ball, ball and stick,
ball-and-stick, ball+stick, bs, b+s); see
draw mode

element=atno

atno is the atomic number or the element
symbol

idatmType=type

type is the atom type

label

whether the atom is labeled

label=Ilabel

label is the text of the atom label

labelColor=Ilabcolor

labcolor is the color of the atom label

name=name

name is the atom name

occupancy=occupancy

occupancy is the occupancy value of the
atom

radius=radius

radius is the current VDW radius of the
atom in A (may have been changed by the
user from the default VDW radius)

serialNumber=n

n is the atom serial number in the input file

surfaceCategory=category

category is the name of the surface
calculation category to which the atom has
been assigned automatically or manually

using surfcat

surfaceDisplay

whether molecular surface display is turned
on for the atom (however, this can be true
even for atoms that do not contribute to
the molecular surface)

Examples:

@ca/'label and color!'=green and color!=red

- Oor -

@/name=ca and !label and color!=green and color!=red

- atoms named CA which are not labeled, and are not green or red

@n/drawMode=1 and color=green

- atoms named N that are green and drawn as spheres

@n/drawMode=1 or color=green
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- atoms named N that are green and/or drawn as spheres

@/color=yellow or color=blue and label

- atoms that are yellow and atoms that are both blue and labeled

@/color!=yellow or color!=blue

- all atoms, because if an atom is yellow it fulfills the criterion of not being
blue, and vice versa

@/bfactor>=50

- atoms with B-factor values greater than or equal to 50

@/bfactor>=20 and bfactor<=40

- atoms with B-factor values ranging from 20 to 40

SELECTED RESIDUE ATTRIBUTES —

Atomspec Usage Explanation

sasa is the solvent-accessible surface area of
areaSAS=sasa the residue (available when a molecular
surface has been computed)

sesa is the solvent-excluded surface area of
areaSES=sesa the residue (available when a molecular
surface has been computed)

whether the residue is in a helix (true is only

IsHelix possible for amino acids)
isH whether the residue is in PDB HETATM
IsHet records (or the mmCIF equivalent)
|ssglget whether the residue is in a beta strand (true
. is only possible for amino acids)
isStrand

value is the Kyte-Doolittle hydrophobicity of
the amino acid residue

kdHydrophobicity=value

numAtoms=N N is the total number of atoms in the residue

angle is the protein/peptide backbone ¢
phi=angle dihedral angle (Cl._l—N—CA—C)

angle is the protein/peptide backbone Y
psi=angle dihedral angle (N-CA—C-NI.+1)
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ribcolor is the color of the residue's ribbon

ribbonColor=ribcolor | seqment (see coloring hierarchy)

whether ribbon display is turned on for the
residue (however, this can be true even when
the residue is a type that does not have any
ribbon, such as water)

ribbonDisplay

N is the secondary structure element
identifier, for example, 1 for residues in the
first helix and first strand (starting from the
N-terminus)

ssld=N

type=resname resname is the residue name

N is the residue number in the corresponding
UniProt sequence (discerned from HEADER
uniprotindex=N and SEQRES information in the structure PDB
file using a web service provided by the RCSB
PDB)

Helix and strand assignments are taken from the input structure file. When the
input file lacks secondary structure information, ksdssp is called automatically
to generate helix and strand assignments. The ksdssp command (or compute
SS in the Model Panel) can also be used to recompute assignments.

Examples:
/type!=gly and type!=pro
- all residues not named GLY or PRO

/isStrand :/ZisHelix
—_ Or —_
/isStrand or isHelix

- all amino acid residues in beta strands or helices
/isStrand and isHelix

- nothing, because the criteria are mutually exclusive

SELECTED MOLECULE MODEL ATTRIBUTES —

Atomspec Usage Explanation

ballScale=factor factor is ball radius relative to VDW radius

color is the color assigned on a per-model

color=color basis (see coloring hierarchy)

http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/midas/frameatom_spec.html (11 of 14) [11/18/14 3:11:00 PM]


http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/hierarchy.html
http://www.uniprot.org/
http://www.rcsb.org/pdb/home/home.do
http://www.rcsb.org/pdb/home/home.do
http://www.rbvi.ucsf.edu/chimera/1.10/docs/UsersGuide/hierarchy.html

Atom Specification FrameSet

whether display is enabled at the model level

display (see display hierarchy)

width is the linewidth of bonds in the model

linewidth=width in the wire representation

numAtoms=N N is the total number of atoms in the model

M is the total number of residues in the

numResidues=M model

color is the color used for the insides of

ribboninsideColor=color peptide/protein helix ribbon segments

factor is stick radius relative to bond radius

. (the default bond radius is 0.2 A)

“Additional attributes can be created:

. arbitrarily with Define Attribute, defattr, or setattr

. by combining other attributes using the Attribute Calculator

. by various other Chimera tools such as Add Charge, Area/Volume
from Web, Values at Atom Positions, and Multalign Viewer

Attribute Names

The preceding tables [atoms] [residues] [molecule models] include the names
of some commonly used attributes. Additional attributes are listed in attribute
inspector dialogs, and yet others may be generated only when a particular tool
is used, or created arbitrarily by the user.

Attribute name lookup in Chimera:

. attribute names are shown in the balloon help of attribute inspector
dialogs

. Select by Attribute lists most numerical, string-valued, and boolean
attributes of atoms, residues, and molecule models; Render by
Attribute lists most numerical ones

. the command list resattr lists most residue attributes

. Data descriptors (attributes) defined in the C++ layer of Chimera can
be listed by entering the following into IDLE (under Tools... General
Controls):

help(chimera.Class)

where Classcan be Atom, Residue, or Molecule. This approach also
works for Bond, PseudoBond, and PseudoBondGroup. Attributes
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defined in the Python layer will not be included, however.

Combinations
Atom specifications can be combined with the operators:

. & for intersection (AND)
. | for union (OR)
. — for negation (NOT)

Space-delimiting these operators is optional. When & and | occur in the same
list, & has higher priority (&-separated lists can be considered as grouped
within parentheses).

Note that a different set of operators (and, or, !, etc.) are used to combine
attribute tests; however, both types of operators can be used within the same

specification.
Examples:

#1:/type=asp or type=glu & #0 z<10
- Or —_
#1l:asp,glu & #0 z<10

- aspartate residues and glutamate residues in model 1 that are within 10 A of
model O

:cys@sg & —disulfide
- Or -
:cys&S&~disulfide

- cysteine sulfur atoms not participating in a disulfide bond
ions za<4 & ~ ions

- atoms within 4 A of atoms categorized as ions, excluding the ions
themselves

ligand z<5 &~ ligand &~ solvent

- residues with any atoms within 5 A of residues categorized as ligand,
excluding ligand and solvent

Ng+|N3+
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- guanidinium nitrogens and sp3-hybridized, formally positive nitrogens (see
atom types)

Surfaces and Other Model Types

Some commands can apply to things other than molecule models (atomic
coordinates) and molecular surfaces. To handle such cases, “atom

specification” has been extended as follows:

. an entire surface model (all of its pieces) can be specified by model
number preceded by #, or by selection and using the word selected,

sel, or picked

. surface pieces can be specified individually by selection from the
screen and using the word selected, sel, or picked

. other types of models can be specified by model number preceded by
#

Which of these can be used and whether they can be combined with atom
specifications depends on the command.

UCSF Computer Graphics Laboratory / November 2013
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Tools

Tools

See the Tools section of the Chimera User's Guide for a listing of tools (extensions) and their individual
manual pages.

There are several ways to start a tool:

. by choosing its name from the Tools menu
. by specifying its name with the command start
. by choosing its name from the Favorites menu (if it has been listed there, using the Tools

preferences)
. by clicking its icon in the toolbar (if the icon has been placed there, using the Tools preferences)

. by specifying —-start toolname when starting Chimera from the system command line

. automatically upon Chimera startup (if previously set to do so, using the Tools preferences)
. by opening a file whose type is specific to the tool

Some tools can also be started by choosing the corresponding function from the Model Panel or by using
an accelerator. Depending on the tool, something may happen right away, or dialog boxes requesting
input files or parameter settings may appear.

Instances of certain tools that have been started or data tables that have been generated during a Chimera
session are available from the Tools menu, allowing them to be raised, hidden, or quit. For example, if the
Command Line has been started, it can be hidden by choosing Tools... Command Line... Hide; if a
Multalign Viewer window displaying the alignment file apoex.fa becomes obscured by other windows, it
can be raised with Tools... MAV - apoex.fa... Raise.

Regardless of whether they represent instances of tools, Chimera active dialogs can be raised using Rapid
Access.

UCSF Computer Graphics Laboratory / June 2011
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The Model Panel
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The Model Panel

The Model Panel lists the models in Chimera and conveniently enables many operations upon them. There
are several ways to start the Model Panel, a tool in the General Controls category.

Each file of atomic coordinates opened in Chimera becomes a model with an associated model ID number.
Surfaces and other types of models also have ID numbers. Some tools in Chimera create models that are

hidden from the Model Panel, however.

A molecular structure file may contain multiple sets of coordinates for the same set of atoms. In PDB files,
these coordinate sets are delimited with MODEL and ENDVDL records. Appending a submodel number to the
primary model number allows uniquely specifying atoms despite multiple occurrences of the “same” atom
(same atom name, residue name, and residue number) in the file. Submodel numbers are assigned
sequentially starting with 1 (#0.1, #0.2, etc.).

The term “models” will be used to indicate submodels and/or models that are not subdivided into
submodels because they are operationally the same: each can be handled independently of the others
and listed separately in the Model Panel. At first, the submodels in a model may be collapsed into a single
row (for example, model #3 in the figure below), but the listing can be expanded to the individual
submodels using the group/ungroup function.

The figure shows columns: Y le Model Panel
( activate onl
. model ID number L A |5 JName - I . !
. model color (a color well) ] 2gbp . add/edit note...
. whether Active (movable) 0 | || Msms main surf| - axtrioutes...
. whether Shown (display-enabled) 0 MSMS ligand sui biological unit
. Name (model name [ clipping...
( ) 1 | 2fw0
- close
Individual models or multiple models can | ? =/ [ cio 6036 _ compute S5
be chosen with the left mouse button. A 3.1...3.18 1| |4 191p " copy/combine...
block of models can be chosen by P, -
. o . d
dragging, or by clicking on the first (or 4 A [ 2fw0.omap cactivate %
last) line in the desired block and then I 5 == @ favorites () all
Shift-clicking on its last (or first) line. Ctrl-
click toggles the state (chosen or not) of a { Configure... ) ( Close ) [ Help )

single line.

Once one or more models have been chosen within the left side of the Model Panel, any of several

functions represented by buttons on the right side of the panel can be executed. Just the favorites or all
functions can be listed, using the setting below the list. Functions can be added to or removed from the
favorites by showing all functions and using the Fav checkboxes. The Configure... button allows
customizing which columns appear in the left side of the panel and which functions are applied to double-

clicked models.
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The Model Panel

Functions:

. activate - activate for motion; the opposite of deactivate

. activate all - activate all models even if not chosen in the left side of the panel (the previous
pattern of activities is saved and can be restored using the button's alternate function, restore
activities)

. activate only - activate the chosen model(s) and deactivate all the others

. add hydrogens... add hydrogens to the chosen model(s); equivalent to using AddH

. add/edit note... add a text description for the model (the Model Panel can be configured to show
these descriptions in a Note column; see also session notes)

. attributes... list model attributes and allow changes

. biological unit - add copies to generate the biological unit according to BIOMT information in the
input file; full atomic copies are generated for N-mers of N < 6, whereas for N-mers of N > 7, the
copies are generated as low-resolution surfaces from Multiscale Models. Not all structures include
biological unit information. See also: fetching PDB-biounit (biological assembly) and PQS files

. clipping... open the Per—-Model Clipping tool

. close - close (remove) the model(s)

. color by SS... color peptides/proteins by secondary structure with the Color Secondary Structure
tool

. compute SS - define the secondary structure of peptides/proteins in the chosen model(s) using
ksdssp with the specified parameter values. Hitting return (Enter) or clicking OK runs the
calculation and dismisses the dialog, while clicking Apply runs the calculation without dismissing
the dialog. Clicking Save as Defaults saves the parameter settings in the preferences file;
subsequently, those settings will be used with the ksdssp algorithm when peptide/protein
structures that lack secondary structure assignments are read in, when MatchMaker is used with
the Compute secondary structure assignments option, or when compute SS is specifically
invoked.

. copy/combine... combine multiple molecule models into a single model or make a copy of a single
molecule model (see also the command combine). The new model will be assigned the specified ID
number and its name will appear in the Model Panel and other model lists. A coordinate system
(reference model) must be specified. The reference model's untransformed coordinates (if part of
the combination) and current transformation will be carried over into the new model. The
coordinates of any other model in the combination will be transformed relative to the reference
model. To ensure that residues in the new model will be uniquely specifiable, it is necessary to
allow either renaming chains (changing chain IDs) or renumbering residues when the input models
contain more than one chain with the same ID. The original or source model(s) can be closed.
Clicking OK generates the new model and dismisses the dialog, while clicking Apply generates the
new model without dismissing the dialog. Changes in chain identifiers or residue numbering are
reported in the Reply Log.

. deactivate - deactivate for motion; the opposite of activate

. focus - focus the view on the chosen model(s) and set the center of rotation method to center of
view (as if using the command focus on those models)

. group/ungroup - collapse multiple chosen entries into a group with a specified name, or expand
a single chosen entry that is already a group into its contents; grouping is hierarchical (groups may
contain other groups)

. hide - disable display of the chosen model(s) (see display hierarchy); the opposite of show

. match... open the MatchMaker tool to superimpose structures with similar sequences and folds; at
least two molecule models must be chosen for this operation to be available
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The Model Panel

rainbow... color the chosen model(s) over a range with the Rainbow tool (see also the command
rainbow)

Ramachandran plot... show the distribution of peptide ¢, angles (a Ramachandran plot) for each
chosen model that contains protein; also implemented as the command ramachandran

rename... change the name of each chosen model and/or group. The name is initially based on
input filename or assigned by Chimera when creating the model (for multi-Mol2 files, see also the
New Molecules preferences).

render attribute... open the Render/Select by Attribute tool to depict (with color, etc.) or select
atoms, residues, and molecule models by their attribute values

save sphgen (available when a sphere file has been opened) - save spheres or atoms as a sphere
file in the sphgen format used by DOCK

select - select the chosen model(s) for subsequent operations or commands

select chain(s)... select subsequently specified chains in the chosen model(s)

sequence... show chain sequences (start the Sequence tool)

show - enable display of the chosen model(s) (see display hierarchy); the opposite of hide

show all atoms - show the chosen model(s) and display all atoms within them

show only - show the chosen model(s) and hide all of the others

surface main - for the chosen model(s), display the molecular surface of any atoms categorized as
main

tile... open Tile Structures to arrange the (two or more) chosen models in a plane

toggle active - toggle the status of each chosen model between activated and deactivated for
motion (make the status of each its current opposite)

trace backbones - in each chosen model, display only a simplified trace for bonded chains
containing amino acid or nucleic acid residues, consisting of real backbone bonds (—[N—CA—C]n— in

peptides and —[05‘—CS'—C4'—C3'—03'—P]n— in nucleic acids)

trace chains - in each chosen model, display only a simplified trace for bonded chains containing
amino acid or nucleic acid residues, consisting of one atom per residue (connect the CA atoms in
peptides, C4' atoms in nucleic acids)

transform as... transform each (initially) chosen model using the rotation/translation matrix of the
single model chosen when the dialog's OK button is clicked

UniProt info... start PDB/UniProt Info to retrieve UniProt annotations and map them to sequence

write PDB - save models as PDB files

Close dismisses the Model Panel. Help opens this manual page in a browser window.

Model Panel Configuration

The Configure... button brings up another panel with three sections for customizing the Model Panel:

The Buttons section was used in older versions of Chimera to classify functions as frequently or

infrequently used. Currently Chimera uses a favorites list instead, where just favorites or all
functions can be shown in the Model Panel. To configure which functions are favorites, change
from showing just favorites to showing all in the Model Panel, then use the Fav checkboxes.

The Columns section determines which model attributes will be shown in the left side of the
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The Model Panel

Model Panel. The descriptions below are in the order in which the columns would be shown, from

left to
(m]

u}

right.

ID - model (and submodel, if applicable) number

[color] - for each molecule model, a color well showing the model-level color; blank for
molecular surface models and other model types. Clicking a color well opens the Color
Editor and allows the color to be changed.

Active - whether the model is activated for motion; see activate and deactivate

Shown - whether the model is shown; see hide and show

Name - model name; see rename

Note - user-added descriptive text for the model; see add/edit note

Input file - for local files, a pathname (relative if the file is in a subdirectory of the working
directory, otherwise full); for files fetched from databases, an identifier or filename for that

database entry

Show model color behind model hame shows the model-level color of each molecule model in
the Name column, with the text of the name when the model is chosen, otherwise with a swatch of
color behind the name.

. The Double Click section controls which functions will be executed upon a model when the model
is double-clicked in the left side of the Model Panel. The default is attributes; however, there can
be zero or many functions in the list for execution. Clicking an entry in the Function menu on the

right causes it to appear in the Execution list on the left. Clicking an entry in the Execution list
removes it from that list. The functions will be executed in the order listed.

Model Panel customization settings are stored in a user's preferences file.

UCSF Computer Graphics Laboratory / June 2014
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The PseudoBond Panel

The PseudoBond Panel ™ |

Pseudobonds are drawn to signify connections other than standard covalent bonds, such as distance
monitors, hydrogen bonds, contacts, and metal coordination bonds. They are also used to indicate

missing segments or loops in crystal structures. A pseudobond group is a named set of zero to many
pseudobonds that can be treated collectively.

Pseudobonds can be created arbitrarily (drawn between any pairs of atoms) using PseudoBond Reader.

The PseudoBond Panel lists the current pseudobond groups and conveniently enables many operations
upon them. There are several ways to start the PseudoBond Panel, a tool in the General Controls
category.

Once one or more groups of ——
pseudobonds have been chosen within % PseudoBondGroup Panel

the left side of the PseudoBond Panel, atributes... |
any of several functions represented by closa ]
buttons on the right side of the panel can hide |
be executed.

select |
Individual pseudobond groups or blocks sy ]
of groups can be chosen with the left show ]
mouse button. Ctrl-click toggles the show only |

state (chosen or not) of single line. A
block of pseudobond groups can be Configure... | Close | Help |
chosen by dragging, or by clicking on the :

first (or last) line in the desired block and then Shift-clicking on its last (or first) line.

Configure... allows customization of which settings are shown as checkboxes on the left side of the panel,
which buttons are included in the right side of the panel, and what functions are applied to double-clicked

pseudobond groups. Close dismisses the PseudoBond Panel. Help brings up the PseudoBond Panel
manual page in a browser window.

The functions are:

. attributes... list pseudobond group attributes and allow changes

. close - remove the chosen group(s)
. hide - disable display of the chosen group(s) (see display hierarchy); the opposite of show

. select - select the chosen group(s) for subsequent operations or commands

. select bonded - select the atoms flanking pseudobonds in the chosen group(s)

. show - enable display of the chosen group(s) (see display hierarchy); the opposite of hide
. show only - show the chosen group(s) and hide all of the others

PseudoBond Panel Configuration
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The PseudoBond Panel

The Configure... button brings up another panel with three sections for customizing the PseudoBond
Panel. The three sections are organized like index cards with their names on tabs across the top: Buttons,
Columns, and Double Click. Clicking on a tab brings the corresponding card to the front.

1. The Buttons section shows all the functions that can be listed on the right side of the PseudoBond
Panel. If a checkbox is activated, the adjacent function will be included in the list.
2. The Columns section determines which pseudobond group attributes will be shown in the left side
of the PseudoBond Panel:
o Name - name of the group of pseudobonds
o Shown - whether the group of pseudobonds is shown; see hide and show
3. The Double Click section controls which functions will be executed upon a pseudobond group
when the group is double-clicked in the left side of the PseudoBond Panel. The default is
attributes...; however, there can be zero or many functions in the list for execution. Clicking an
entry in the Function menu on the right causes it to appear in the Execution list on the left.

Clicking a command in the Execution list removes it from that list. The functions will be executed
in the order listed.

UCSF Computer Graphics Laboratory / September 2010
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Molecule Display

See also: colors, tips on preparing images, volume display, geometric objects

Atoms/Bonds

Several molecular display styles (representations) are available in Chimera. Atoms/bonds can be shown as:

. wire - a simple line drawing with dot atoms and wire bonds
. stick - “endcap” atoms and stick bonds
. ball-and-stick - ball atoms (atomic VDW radius x ball scale) and stick bonds

. sphere - sphere atoms (full VDW radius) and wire bonds; also called Corey-Pauling-Koltun (CPK)

ball-and-stick

sphere (CPK)

A model can only have one wire linewidth, but individual atoms and bonds can be shown in different
representations. Atom and bond displays can be combined with ribbons and surfaces. See also: presets,

New Molecules preferences

The command represent sets atom/bond styles, bondrepr sets bond styles, and linewidth changes wire
linewidth. Atom/bond styles and wire linewidth can also be changed using the Actions menu, the
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Molecule Display

molecule model attributes panel, and the Selection Inspector. Ball display radius is the product of the
atomic VDW radius and the ball scale attribute of a molecule model (default 0.25). Stick radius is the
product of the individual bond radius (default 0.2 for all bonds) and the stick scale attribute of a molecule
model (default 1.0). Ways to change attribute values include the command setattr and the Selection
Inspector. Different linewidth, ball-scale, and stick-scale values can also be specified in the New_
Molecules preferences.

Pseudobonds are drawn to show connections other than covalent bonds. For example, they can represent
clashes, hydrogen bonds, or distance measurements. Pseudobond styles can be changed using the
pseudobond attributes panel and the Selection Inspector.

In addition:

. rings can be filled using the command fillring

. circles/disks indicating aromaticity can be shown with the command aromatic

. special representations of nucleic acid sugars and bases can be generated with the Nucleotides
tool or nucleotides command

. anisotropic B-factors can be shown as ellipsoids with the Thermal Ellipsoids tool or aniso
command

Ribbons

Protein and nucleic acid chains can be shown with ribbons. Protein helix and strand assignments are taken
from the input structure file or generated with ksdssp. For nucleic acids, the ribbon simply follows the
backbone. See also: PipesAndPlanks, Nucleotides

Built-in ribbon styles
include:

N

. flat
. edged
. rounded

Ribbon segments for
individual residues
can be shown and
hidden independently

and displayed in .
different styles. New flat ribbon

ribbon styles,
scalings (secondary-structure-dependent width and height), and residue classes (which atoms define the
ribbon path) can be created using Ribbon Style Editor. The command ribbon displays ribbons; style can
be adjusted with ribrepr, scaling with ribscale, and residue class with ribclass. Ribbon display and style
can also be controlled with the Actions menu; ribbon display, style, and scaling can be controlled in the

residue section of the molecule model attributes panel or Selection Inspector.

)

edged ribbon Jrounded ribbon

The ribbon path is interpolated and may deviate from the exact positions of the backbone atoms (more...).
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Molecule Display

The method of path calculation can be set with ribspline or in the molecule section of the molecule model
attributes panel or Selection Inspector.

The insides of ribbons in protein helices can be colored separately using the Color Actions dialog, the
molecule model attributes panel, or the command setattr.

Molecular Surfaces

Chimera shows solvent-excluded molecular surfaces, composed of probe contact, toroidal, and reentrant
surface. These differ from solvent-accessible surfaces, which are traced out by the probe center.

Molecular surface
styles are:

. solid
. mesh
. dot

A molecular surface
model can only have
one style, but
molecular surface
patches for individual =
atoms can be shown/ 5'ﬂ'l|d surface
hidden independently
and can vary in color and transparency.

mesh surface | dot surface

The atoms in a molecular model are automatically partitioned into categories for surfacing: ligand, ions,

solvent, or main. By default, protein and nucleic acid chains are classified as main, and if multiple chains
are in contact, they will be enclosed in a single surface. However, if separate surfaces for the separate
chains are preferred, either of the following can be used:

. split command to make each chain a separate model

. surfcat command to create custom surface categories followed by surface to display the
corresponding surfaces

When a molecular surface is computed, total solvent-excluded and and solvent-accessible surface areas
are reported in the Reply Log, along with the values for each disconnected part, or component. The values
are calculated analytically. Multi-component surfaces are common; for example, a main surface could

include one or more completely enclosed interior pockets, and a ligand surface could separately enclose
each of multiple ligand molecules.

Analytical solvent-excluded and solvent-accessible surface areas per atom and residue are assigned as
attributes named areaSES and areaSAS, respectively. These may include contributions from more than one
component. For example, one side of an atom could form part of an interior cavity while the other side
could form part of the exterior surface. Calculating relative exposure (a hormalized surface area) may be
helpful for classifying amino acid residues as buried or exposed.
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Molecule Display

The command surface displays molecular surface, surfrepr sets which style is shown, and
surftransparency adjusts surface transparency. Molecular surface display, style, and transparency can
also be controlled with the Actions menu, the molecular surface attributes panel, the Selection Inspector,
and the command setattr. Except for the Actions menu, these also allow changes in probe radius, vertex
density, mesh line width, and dot size. Parameters for subsequently generated molecular surfaces can be
set in the New Surfaces preferences.

In Chimera, molecular surfaces are created with embedded software from the MSMS package, described in:

Reduced surface: an efficient way to compute molecular surfaces. Sanner MF, Olson AJ,
Spehner JC. Biopolymers. 1996 Mar;38(3):305-20.

MSMS surface calculations may fail numerically, especially on large structures; see surface calculation
failures and workarounds.

Dot molecular surfaces in MS/DMS format can also be displayed in Chimera.

VDW Surfaces

A van der Waals (VDW) surface differs from a molecular surface in that fine crevices are not smoothed. A
VDW dot surface can be displayed with the command vdw and its dot density adjusted with vdwdensity.
The VDW dot size and dot density can also be adjusted in the the molecule model attributes panel. Note

that the sphere representation also shows the VDW surface.

Chimera also displays other surfaces that are not necessarily molecular.

UCSF Computer Graphics Laboratory / August 2014
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Introduction
Volume Viewer is a tool for visualizing volume data, 3D numerical data sets such

as electron density maps. The data can be shown as solid or mesh isosurfaces

Startup and Input . .
(contour surfaces) or as partially transparent solids:

Menus and Buttons

Features

Display
Surface/Mesh
Solid

Regions and
Subsamples

electrostatic electrostatic

electron density map

(mesh) potential

Planes potential
(solid)

(surface)

Adding a File Type

The state of Volume Viewer is included in saved sessions. Many of its features are
also implemented as the command volume, and several related tools can be
accessed from the Volume Viewer Tools menu.

Limitations

Technical Notes

See also: vop, mask, measure, molmap, Keyboard Shortcuts, IMOD files, the
Density Display image tutorial, and on the Chimera web site, the Image Gallery
and Guide to Volume Display

Volume Viewer and some associated tools are described in:

Visualizing density maps with UCSF Chimera. Goddard TD, Huang
CC, Ferrin TE. J Struct Biol. 2007 Jan;157(1):281-7.

Volume Viewer is under development, and some limitations may be addressed in
future versions.
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Volume Viewer

STARTUP AND INPUT

There are several ways to start Volume Viewer, a tool in the Volume Data
category. Starting Volume Viewer without a data file opens an "empty" interface.
Choosing File... Open map from the interface will then bring up a dialog for
opening any of the registered volume data types, including electrostatic potential.
Alternatively, simply opening a file of volume data (other than electrostatic
potential) will automatically start Volume Viewer. Additional file types can be
defined. See also: fetching EDS files

Data are read when needed for
display or a calculation, usually
right when a file is opened.
However, if only a subsample
is shown initially, only those
values are read, and if there is
no display, only the file header
is read. During loading of a
large data set, the Chimera
status line reports progress
and allows the read to be
canceled.

By default, volume data other
than electrostatic potential will
be displayed automatically if it
does not exceed a certain size
(see Show data when
opened... in the Data display
options). Otherwise, a data set
can be displayed by clicking its

Volume Viewer (default Features)

File Fealunes

% Volume Yiewer

Diala

defaultphi 37 step 1| © -

e

40604_0S5_s11_1005.47 2048188610 step 4| @ =

Range 0- 255 Level |255

L il ""H“”“"

T

S —

Color [0

Siyle % surface .- mésh - - solid

Center | Cirient | Close | Help |

name, histogram area, or the eye icon to the right of the step menu. In the figure,
no histogram bars are shown for default.phi because the data has not been read.
Clicking to display the data will trigger reading it. A data set that is already

displayed can be hidden by clicking its eye icon.

Data sets can be opened, closed (deleted), duplicated, and saved using the
Volume Viewer File menu. Multiple data sets can be open at the same time and
more than one subregion or subsample from the same or different sets can be

displayed.

Settings in Volume Viewer refer to the currently active data set, or current set.
The name of the current set is highlighted; clicking a data set's name, dimensions,
or histogram makes it the current set, as does choosing its name from the Data
menu or Data set list. The current display region may correspond to part (a
subregion) or all of the current set.

The value type of a data set can be 8-, 16-, or 32-bit signed integer 8-, 16—, or
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32-bit unsigned integer, or 32- or 64-bit floating-point. The value type for the
current set is shown in a popup balloon when the cursor is placed on the word
Range below the histogram(s) in Volume Viewer.

A Priism or NetCDF file may contain more than one 3D array of values (more than
one component), for example corresponding to the different wavelengths used to
image a specimen. When multicomponent data is read, each component is treated
as if it were a separate data set.

VOLUME VIEWER MENUS AND BUTTONS
Volume Viewer includes many features, and it is not practical to show them all at

once. The basic dialog includes menus across the top (File, Features, Data, and
Tools) and buttons across the bottom.

The File menu includes operations associated with data files:

. Open map... brings up a dialog for opening volume data files.
Save map as... brings up a dialog for saving the data in the current display

region as a file in MRC, NetCDF, Chimera map, or BRIX format. The file
header will include information (as shown in the Coordinates section) for
converting between grid indices and Cartesian coordinates. When zoning is

in effect, data will be written out for a region enclosing the zone, with
values outside the zone set to zero.

Duplicate makes a copy of the current set so that opening the same file

multiple times is not required for simultaneously displaying different
subregions or different representations of the data.

Remove surface deletes any surface or mesh display of the current set.

. Close map removes the current set and all of its displays; this can also be
done by clicking a data set's minus-sign button or closing the model with
the same name as the current set using the Model Panel.

The Features menu lists potential sections of the Volume Viewer dialog.

Choosing a data set from the Data menu makes it the current set.

The Tools menu provides access to several related tools:

Fit in Map - fit atoms into a map (volume data) or one map into another
. Surface Color - color surfaces by volume data values
Color Zone - color surfaces to match atoms, split volume data by the
resulting color zones
Morph Map - morph between two related sets of volume data
. Volume Tracer - place markers within volume data and connect them with
smoothed paths
Volume Filter - smooth or transform volume data
Hide Dust - hide small disconnected bits of a surface
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Segment Map - partition density maps

Fit to Segments - fit structures into map segmentation regions

MultiFit - fit multiple structures into density using a web service hosted by
the UCSF RBVI

Volume Eraser - interactively zero out parts of volume data

Measure Volume and Area - measure surface areas and surface-enclosed
volumes

Measure and Color Blobs - color and measure disconnected parts of a
contour surface

Volume Mean, SD, RMS - calculate statistics for volume data

Values at Atom Positions - map volume data to atom positions and
assign the values as an atom attribute

Volume Series - display a series of volume data

Volume Menu on Menubar - replicate the Tools... Volume Data menu as
a top-level Volume menu in Chimera and store the behavior in the
preferences file (choosing this item again removes the top-level Volume
menu)

The buttons across the bottom are always present:

Center scales and centers the view and adjusts the clipping planes to
contain the current display region.

Orient reorients all open models so that the axes of the current set are
pointing in the standard directions: X horizontal in the plane of the screen
increasing rightward, Y vertical in the plane of the screen increasing
upward, and Z perpendicular to the screen increasing outward from the
screen.

Close dismisses Volume Viewer. If the panel is closed accidentally, it can
be reopened in the same state by restarting Volume Viewer.

Help opens this manual page in a browser window.

FEATURES

The Features menu lists potential sections in the Volume Viewer dialog, with
checkboxes controlling which sections are shown. Clicking the adjacent checkbox
expands the Volume Viewer interface to show the corresponding section. A
section can be closed by unchecking its entry in the Features menu, unchecking

its feature button, or clicking its close button (El), if present.

Atom box

Brightness and Transparency
Coordinates

Data display options

Data set list

Display style

Feature buttons

Named regions

Orthogonal planes
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Planes
. Precomputed subsamples
. Region bounds
Solid rendering options
. Subregion selection
. Surface and Mesh options
Threshold and Color
. Zone

Show only default panels restores the previously saved state of the

Features menu (and thus which sections are present in the Volume
Viewer dialog)

Save default panels saves the state of the Features menu (and thus which
sections are present in the Volume Viewer dialog) in the Chimera
preferences file

Save default dialog settings saves many current Volume Viewer settings
other than the state of the Features menu in the preferences file. Settings
that are specific to a particular volume data set are not saved in this way,
but can be saved along with an entire Chimera session in which Volume

Viewer is being used.

. Use factory default settings resets the Features menu and other Volume
Viewer settings to the factory defaults without changing the preferences
file

+ Feature buttons

This section contains a row of small, unlabeled buttons representing the other
possible sections of the Volume Viewer dialog. Checking a feature button has the
same effect as checking a box in the Features menu. Although arranged

horizontally, the buttons are in the same order as the menu entries. Placing the
cursor over a feature button shows its section name.

+« Coordinates

Values in the Coordinates section are used to convert between the grid indices of
the current set and Cartesian coordinates. They are included in the header when a

data set is saved to a file. The values can be edited; changes take effect when the

Enter (return) key is pressed. Origin index refers to the grid indices of the XYZ
origin; center moves the XYZ origin to the center of the grid. Fractional and
negative values are allowed, as the origin is not required to coincide with a grid
point or even to fall within the grid. Voxel size refers to the data point spacing
(resolution). Although only one number will be shown if the size is the same along
the three axes, three different numbers separated by spaces can be entered. After
any changes, the origin index and voxel size can be reset to their initial values.
Cell angles are the angles in degrees between the crystallographic axes. The
Rotation axis and angle describe a transformation. When a data set is created by
resampling (see Subregion selection), these fields show its transformation

relative to the original data set.
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+ Data set list

DISPLAY

clicking its eye icon.

« Display style

+« Threshold and Color

A histogram of values is
shown for each data set (up
to the maximum number

specified in the Data
display options). The name
of the data set, dimensions
in grid units of the display
region, and step size(s) are
shown above each
histogram. A data set can
be displayed/undisplayed
by clicking its eye icon and
closed (deleted) by clicking
the minus-sign button on
the far right.

Clicking the name of a data set in the Data Sets list makes it the current set.

A data set can be displayed by clicking its name, histogram area, or the eye icon
(small oval) to the right of the step menu. The oval has a dot in the middle when
the data set is displayed. A data set that is already displayed can be hidden by

The Style or rendering mode to use for the current set can be surface, mesh, or

solid. The surface and mesh modes depict isosurfaces (contour surfaces)
consisting of a large collection of triangles. In the surface mode, each triangle is
drawn as a plane of color. In the mesh mode, just the triangle edges are
displayed. In the solid mode, the data is shown as a semitransparent solid.

N N

X Volume Viewer

File Featires Data
defaullphi 97 step 11 2| @& =
o onde o o Ll R T T

Range -540 - 709 Level Calar -
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The name of the current set is highlighted. Clicking the name, dimensions, or
histogram of a data set makes it the current set, as does choosing a different step
setting or turning on its display.
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The step setting controls sampling density; a value of 1 means all the data points
are used to generate the display, while 2 means every other data point is taken
along each axis, reducing the number of points used by a factor of eight. Step
sizes can be different in the X, Y, and Z directions, in which case three numbers

are shown. Different step sizes can be entered in the Region bounds section, also
shown in the figure. Changing a step value will change the data size limit for
automatic step adjustment (see Adjust step... in the Data display options).

Histogram bar heights are on a logarithmic scale. The Range of values in the
current set and its threshold controls are shown below all of the histograms. The

thresholds control how data values are mapped to the display:

surface or mesh

. solid

+« Data display options

Show outline box using color [color well] linewidth (1 by default) shows the
bounding box of the current display region using the specified color and
linewidth. The color can be changed by clicking the color well. Outline box display
is off by default.

Maximum number of histograms shown (3 by default) sets how many data set
histograms can be shown in the Threshold and Color section. The current set is

always included, and specifying a data set for which the histogram is not shown as
the current set will “bump” one of the others out of the section.

Initial colors [a series of color wells] are the colors to be used for successively
opened sets of data. Clicking a color well allows the color to be changed.

Update display automatically (on by default) causes automatic display updates
upon changes in rendering mode, Threshold and Color settings, or rendering
options (Surface and Mesh options, Solid rendering options). Otherwise, it is
necessary to click the eye icon to update the display after such changes. This
option does not apply to display after:

a file is first opened
. changes in min, max, or step values (Region bounds)
subregion selection with the mouse (but see auto subregion display)

Show data when opened if smaller than [size] Mvoxels (on by default, with
size=256) enables automatic initial display of data sets smaller than a specified
size. (Regardless of this setting, however, electrostatic potential is not displayed
initially.) The default limit of 256 Mvoxels is equivalent to a 512 x 512 x 1024
data set. Size does not have to be an integer; for example, 0.25 could be used.
When the option is on, a newly opened data set that exceeds the size limit will not
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be displayed until its eye icon is clicked. When the option is off, the icon must

always be clicked to generate an initial display. Turning the option on or off or
changing the size will not affect the display of any data that has already been
opened. If a precomputed subsample is being read, the size is compared to that of

the subsampled data.

Show plane when data larger than [size] Mvoxels (on by default, with size=256)
specifies that a single plane normal to the Z axis should be displayed when a
newly opened data set exceeds the specified size. (See also Planes.)

Adjust step to show at most [size] Mvoxels (on by default, with size=1) allows
limiting the display to a reasonable amount of data. Different values of size can be
used for different data sets. The default limit of 1 Mvoxel (22° or 1,048,576
voxels) is equivalent to a 128 x 128 x 64 data set. Size does not have to be an
integer; for example, 0.25 could be used. When this option is on, step is
automatically adjusted by powers of 2 to comply with the Mvoxel limit (increased
when the extents are increased, if necessary, and decreased when the overall
region size is small enough for finer sampling). Changing a step value in the
Threshold and Color section or the Region bounds section will change the

Mvoxel size limit to what is then shown.

Data cache size (Mb) (512 by default) controls whether volume data is kept in
memory when it is not being displayed. A cache can improve performance, since
accessing data in the cache is faster than reading it from disk. It is necessary to
press Enter (return) after changing the cache size. Undisplayed data is purged
from the cache to maintain the size, but if the displayed data alone requires more
space, it will not be purged. The least recently displayed data is purged. The data
cache only accounts for part of the memory used by Volume Viewer. Because a
significant amount of additional memory is occupied by surfaces and color arrays
used in rendering, the cache size should be set to about 1/3 or 1/2 of the desired
total memory usage by Volume Viewer. Clicking Current use opens a dialog
showing how much memory is occupied by volume data (not including the
surfaces, etc. mentioned above).

Zoom and center camera when region changes (off by default) automatically
readjusts the view when the bounds of the current display region change.

+« Brightness and Transparency

Brightness scales the intensity of the color of the volume display. Values range

from 0.01 to 10, where 1 (the default) produces no change relative to the color
defined in the Threshold and Color section.

For surface and mesh displays: the Transparency is the fraction of light
transmitted from behind the surface or a line of mesh. Values range from O to 1,
where O (the default) corresponds to no transparency. (See also Dim transparent
surface/mesh in the Surface and Mesh options.)

For solid displays: the Transparency setting modulates transparency values from
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the histogram in a way that compensates for the thickness of the display (details).

Values range from O to 1, default 0.5. By default, more transparent voxels are
made dimmer (Dim transparent voxels in the Solid rendering options).

SURFACE OR MESH DISPLAY

% Volume Viewer
For surface and mesh displays, each

threshold is shown as a vertical bar.
Initial thresholds are set bidomep 445341 step 1| @ =
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Any number of thresholds (contour

levels) can be added by Ctrl-clicking with the left mouse button on the histogram.
Ctrl-clicking on an existing threshold deletes it. Of course, different thresholds
can have different settings for Level and Color; the settings shown apply to the
threshold most recently moved or clicked, the current threshold. A threshold can
be moved by changing the Level and then pressing Enter (return) or by dragging it
horizontally with the left mouse button. Holding the Shift key down reduces the
speed (mouse sensitivity) of threshold dragging tenfold, allowing finer control.
Setting a contour level very low can generate a surface with many triangles that
takes a long time to display.

Each threshold is shown in the same color as its display. The Color can be
changed by clicking the color well. Brightness and Transparency can be
adjusted.

« Surface and Mesh options

Surface smoothing iterations [i] factor [f] (off by default, with i=2 and f=0.3)
smooths surface and mesh displays by moving each vertex toward the average
position of its neighboring vertices (those connected by triangle edges). A vertex
is moved a fraction f(ranging from O to 1) of the way toward the average position
of its neighbors, and each vertex is moved once per iteration. i iterations are
performed, where i is a positive integer. When Subdivide surface... is on, it may
be necessary to use more smoothing iterations and/or a higher factor to achieve a
smoothness similar to that of the unsubdivided surface. See also: sop smooth
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Subdivide surface [j] times (off by default, with j=1) increases the number of
triangles used in surface and mesh displays. Subdivision can help to produce
smoother surfaces when combined with the Surface smoothing... option. During a

single round of subdivision, each triangle is divided into four smaller triangles by
connecting the midpoints of the triangle edges. Thus, the number of triangles is

increased by a factor of 4], where j is a positive integer. See also: sop finerMesh

Smooth mesh lines (off by default) turns on anti-aliasing to smooth lines in
mesh displays. Mesh lines with transparency > 0 can only be smoothed when Dim

transparent surface/mesh is on. OpenGL can render smooth lines using anti-
aliasing, but the method has a side effect: dense meshes look brighter from some
viewpoints and darker from others, depending on the order in which the lines
were drawn.

Square mesh (on by default) dis