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UCSF CHIMERA

WHAT IS CHIMERA

» “... a highly extensible program for
interactive visualization and
analysis of molecular structures
and related data, including
density maps, supramolecular
assemblies, sequence alignments,
docking results, trajectories, and
conformational ensembles. High-
quality images and animations can
be generated.
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A compact synthetic pathway rewires
cancer signaling to therapeutic
effector release. Chung HK, Zou X et
al. Science. 2019 May 3;364(6439).
pii: eaat6982.

elF2B-catalyzed nucleotide exchange

integrated stress response. Kenner
LR, Anand AA et al. Science. 2019
May 3;364(6439):491-495.

Designing_a chemical inhibitor for the
AAA protein spastin using_active site
mutations. Cupido T, Pisa R et al. Nat
Chem Biol. 2019 May;15(5):444-452.

Archltecture of the heteromerlc

UCSF CHIMERA

an Extensible Molecular Modeling System

UCSF Chimera is a highly extensible program for interactive visualization and analysis of
molecular structures and related data, including density maps, supramolecular assemblies,

sequence alignments, docking results, trajectories, and conformational ensembles. High-quality

images and animations can be generated. Chimera includes complete documentation and

several tutorials, and can be downloaded free of charge for academic, government, nonprofit,
and personal use. Chimera is developed by the Resource for Biocomputing,_ Visualization, and

Informatics (RBVI), supported in part by the National Institutes of Health (P41-GM103311).

UCSF ChimeraX (or simply ChimeraX) is the next-generation molecular visualization program

from the RBVI, following UCSF Chimera.

Feature Highlight

Showing ConSurf Results

The ConSurf Server provides results as
Chimera Web data; after browser
configuration, a single click displays the color-
coded query structure and multiple sequence
alignment with phylogenetic tree and custom
headers in a locally installed copy of Chimera
(details).

Special thanks to Elana Erez and the Ben-Tal
and Pupko groups at Tel Aviv University, and
to Fabian Glaser at the Technion.

(More features...)
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News

November 17, 2018

Chimera production release 1.13.1 is
now available; see the release notes
for what's new. The Mac version
requires OS 10.10 or later.

October 22, 2018

Mac users: the 1.13.1 release
candidate and recent daily builds
contain a fix for Mojave (OS 10.14).
These versions require OS 10.10 or
later.

September 21, 2018

Mac users are advised to hold off
upgrading to Mojave until we find a fix
for Chimera buttons not being shown
until the windows containing them are
resized.

(Previous news...)

Upcoming Events




UCSF CHIMERA

WHERE TO GET CHIMERA

» Download: https://www.cgl.ucsf.edu/
chimera/download.html

» Tutorials: https://www.rbvi.ucsf.edu/
chimera/tutorials.html
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Commands: https://
www.cgl.ucsf.edu/chimera/current/

docs/UsersGuide/
framecommand.html|

» ChimeraX: https://www.cgl.ucstf.edu/
chimerax/

UCSF Chimera--a visualization system for exploratory research and analysis. Pettersen EF, Goddard TD,

Huang CC, Couch GS, Greenblatt DM, Meng EC, Ferrin TE. J Comput Chem. 2004 Oct;25(13):1605-12.
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UCSF CHIMERA

THE BASICS: PART 1

File: Open, Save,
Sessions, Screenshots

Select: Select atom
objects

Actions: Display
behaviors, colors,
labels, surfaces

Tools: All utilities

Favorites: Quick
access to Model
panel, Side View,
Preferences and
Command line

Inspector: Shows
selected molecule
attributes
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UCSF Chimera

File Select Actions

Presets Volume

Tools Favorites Help

B

0O

Preferences

Category: Background

Background method: solid

Background color: ] |

Background gradient:

Background image:

scale:|1.0

opacity: |1 .0

zoomed

opacity: 1.0

Reset

Restore

Save

Close

Help Y




UCSF CHIMERA

THE BASICS: PART 2

Model Panel

) @

UCSF Chimera

File

Select Actions Presets

Volume Tools Favorites Help

Viewing

Camera | Side View’ n | Effects

Lighting

Active and Hide/
Show toggle buttons

ing

Front and rear
clipping planes

| Clip Surface capping...

Restore [
)

Reset

Depth Cu

depth c

ueing——
0.

Tagggle Button

Rdkation ’ Effects | Lighting |

— | shadows

quality: normal

— transparency

single-layer

activate
activate all
activate only
add/edit note...
attributes...
biological unit
clipping...
close
compute SS
copy/combine...
deactivate
focus
group/ungroup
hide

rainbow...

Ramachandran plot...

rename...
select
select chain(s)...
seguence...
show
show all atoms
show only
toggle active
transform as...

Help y

- write PDB
— [ silhouettes flat
color: .l — graphics quality
I subdivision:|1.5 o favorites () all
| multisample =
onfigure... Close Help o
Reset Restore Save Close

-

Volume Viewer

File Features Data Tools

Origin index

Voxel size

Rotation axis 00 1

emd_5623.map #0.1 256° step 1

center reset

reset

Range -0.555 - 1.2 Level [0.275 Color [

) mesh () solid
| Surface smoothing iterations |2
~ Subdivide surface |1_ times
~ Smooth mesh lines

Square mesh
Mesh line thickness|17pixels
Dim transparent surface/mesh
Mesh lighting

Two-sided surface lighting

| Light flip side for thresholds < 0

Cap high values at box faces

factor|0.3

Orient

Center

Close

Help y

LAl




UCSF CHIMERA

INTERACTING WITH CHIMERA

» Command line (i.e. vop resample #1

onGrid #0)

» Interactive

» 3-button mouse to rotate, translate a

Zoom view

| NN

| BN

UCSF Chimera

File Select Actions Presets Volume Tools Favorites Help

Preferences

Category: Mouse

o
7
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DAGRON - AOX® é
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O00000O

Ctrl-3/

Note: Shift button may modify action.

Continue rotation after mousing: false

Use multitouch gestures on Mac: true

O0O00O000O0 i

0OOOOOO

Use scrolling: true

Reset Restore Save Close Help Y

» Select object: Ctrl+left mouse (selected '

items turn green) Tip: use the up and

down arrows to increase/decrease

selection

» Load supported files from local drive or

remotely from databases

®  ® Fetch Structure by ID B
Database || ID Example

_ ) NDB | pde024

/\ PDB 1yti

") PDB (mmCIF) 1yti

" PDB (biounit) 1hho

() SCoP d1g0sa_

") cellPACK HIV-1_0.1.6

") PubChem 12123

[ ) CASTp Twww

") EDS (2fo-fc) 1a0m

) EDS (fo-fc) 1a0m

. ) EMDB 5625

© EMDB & fit PDBs 1048

~ ) PQS 2CWj

" ) ModBase PO4848

") VIPERdb 1¢j6

O UniProt NGPF?LLBN? AN

Set download directory

\':\ Ignore any cached data

Keep dialog up after Fetch

Fetch Web Page Close Help Y

Command:lvop resample #1 onGrid #2
Active models: 0 @1 2 @3

4

o

8

9 [ LAl

46228 atoms, 46816 bonds




UCSF CHIMERA

TEST DATA: 205 PROTEASOME

» EMDB 5623 (http://www.ebi.ac.uk/pdbe/
entry/emdb/EMD-5623)

» Load map and model directly from EMDB
» In File Menu, select “Fetch by ID”
» Select EMDB & fit PDBs
» Press Fetch

» Map and Model will appear on screen
and in the Model Panel (left click on
the ID and the select “group/ungroup”
to separate map and models

'@ © @ Fetch Structure by ID |
Database ID Example |L

® © ® @ EMDBEMD-5623 structuresu’ X =+ |
& > C  ©® NotSecure | www.ebi.ac.uk/pdbe/entry/emdb/EMD-5623 ‘JA NDB pde024
< A PDB 1yti
8 Protein Data Bank in Europe | PDB (mmCIP i
Bringing Structure to Biology Examples: hemoglobin, BRCA1_H " PDB (biounit) 1Thho
. scop d1g0sa_
~ ) cellPACK HIV-1_0.1.6
Single particle ") PubChem 12123
EMDB > EMD-5623 reconstruction | CasTp o
3.3A resolution ) EDS (2fo-fc) 1a0n
. M eleased: e 140n
3D reconstruction of archaeal 20S proteasome 7P """ " EDS (fo-fe) 120n
Last modified: O EMDB _ oo
2015-08-26 © EMDB & fit PDBs 1048
Source organism: Thermoplasma acidophilum [2303] ") PQS 2cwj
6 _ ) ModBase P04848

Fitted atomic model: 3j9i

............. : ’N:;_‘;“ \-: “/-\“ VIPERdb I C]J;i
3Dbionotes: available for this entry ’

NNA1120
r ‘,_J w0

NGF_HUMAN

RS’ | UniProt
Primary publication: . .

(I Electron counting and beam-induced motion correction enable Set download directory

near-atomic-resolution single-particle cryoEM
Li X, Mooney P, Zheng S, Booth C, Braunfeld MB, Gubbens S,
Agard DA, Cheng Y

NAT.METHODS (2013)

\_\ Ignore any cached data

Keep dialog up after Fetch

Fetch Web Page Close Help Y

Q By authors

Function and Biology e]Details  Experimental Information el Details  Q gy sample
Sample name: Thermoplasma acidophilum  Resolution: 3.3R Q By organism
20S proteasome Resolution method: FSC at 0.143 cut off,
Protein: 20S proteasome and Gold Standard FSC,

gold-standard
Applied symmetry: D7

Reconstruction FREALIGN
software:

Microscope: FEI POLARA 300
Detector: GATAN K2 (4k x 4k)

& Visual analysis



http://www.ebi.ac.uk/pdbe/entry/emdb/EMD-5623
http://www.ebi.ac.uk/pdbe/entry/emdb/EMD-5623
http://www.ebi.ac.uk/pdbe/entry/emdb/EMD-5623

UCSF CHIMERA

SEGMENTATION #1

» Model-based segmentation
» Select model
» Color all chains 1 color

» Select individual chains and assign unique
color to each chain

» Re-select all chains

» In Volume Viewer open “Color Zone”

» Select map and provide a coloring radius
» Press “Color”

» If coloring looks good, press “Split Map”

000 ~ UCSF Chimera

File Select Actions Presets Volume Tools Favorites Help

. N /
! » 7

Command:|vop resample #1 onGrid #2

Activemodels: 0 M1 M2 M3M4M>5M6@78M8M@°

Al




UCSF CHIMERA

SEGMENTATION #2

» Volume Eraser segmentation

4

Select “Volume Eraser” from the Tools menu in Volume
Viewer
A semi-transparent sphere will be displayed along with

a new widget (the pink sphere in the viewer is your
eraser)

Start with a largish radius (1~5-25) and set “use” to Ctrl-
left

Hold Ctrl-left and move the pink sphere eraser; press
“Erase” in widget to remove density (a new map is
created with erased portions

Remove density, progressively shrinking the radius until
ROl is obtained

This is 3D; you will need to rotate your volume

Surface is shown at a specific threshold. Adjust
threshold to make sure subunit boundary is defined

[ NON | UCSF Chimera

File Select Actions Presets Volume Tools Favorites Help

00 Volume Eraser
Show volume-erasing sphere

C°'°fﬂ Radius |25| ﬁjﬁ o /~~—;

Use ctrl left mouse button to move sphere

Erase using keyboard accelerator "es".

Erase Close Help Y

Command:lvop resample #1 onGrid #2 |

Activemodels: (20 21 @22 2304 P5@6@7@8@9° Al




UCSF CHIMERA

SEGMENTATION #3

» Segger

» In Volume Viewer, select “Segment Map” from Tools
menu

» Select map and press Options to expand
» Press Segment to auto segment
» A set of colored masks will appear

n

» Group masks by selecting the masks of a “related
segment (Ctrl+left)

» Press Group to combine

» lterate until you have selected your ROI or entire
molecule

» Extract Density using “Save all/selected Regions
to .mrc file”

» https://www.rbvi.ucsf.edu/chimera/docs/
ContributedSoftware/segger/segment.html

UCSF Chimera

Help

[ NON )
File Select Actions Presets Volume Tools Favorites
[ NON ) Segment Map (Segger v1.9.4)

File Regions

Segment map emd_5623.map

Current segmentation emd_5623.seg 92 regions

Segmenting Options
Smoothing steps |4 step size |1 voxels
Keep only regions having at least |1 voxels

Stop grouping if number of regions <= |1
Display at most |500 regions

Surface granularity |1 voxels

| Group with mouse ctrl button 1

To cite Segger or learn more about it press the Help button

Wrote emd_5623_region_7612.mrc

Segment Group Ungroup Options Shortcuts

Close

D ad .

-

Command:lvop resample #1 onGrid #2

Activemodels: 20 @21 @22 @23 @24@5P6@7@8@9 Al



https://www.rbvi.ucsf.edu/chimera/docs/ContributedSoftware/segger/segment.html
https://www.rbvi.ucsf.edu/chimera/docs/ContributedSoftware/segger/segment.html

UCSF CHIMERA

FITTING A MODEL TO A MAP

» Simple correlation-based or density overlap fitting

» Good for quick local, fits when model is “close”
to the right fit

» Volume Viewer —> Tools—> “Fit in Map”
» Global search

» Global cross correlation-based search that
provides

» Command line: fitmap #0.2 #0.1 search 10
» Generates an interactive list of top fits

» Multi-model fitting
» Can handle symmetry

» Volume Viewer —> Tools—> “"Multi-fit”

| BN

UCSF Chimera

File Select Actions Presets Volume Tools Favorites

Help

F
[ NON Fit in Map

Fit  3j9i (#0.2) §J inmap emd_5623.map (#0.1)

Correlation |0.822 Average map value |O.1 318 Update

Real-time correlation / average update
Use map simulated from atoms, resolution I3

Use only data above contour level from first map

Optimize ( ) overlap @) correlation
| Correlation calculated about mean data value
Allow rotation 2 shift

Move whole molecules
36973 of 46228 atoms outside contour

Fit Halt Undo Redo Options Results Close

Fit List

Command:lvop resample #1 onGrid #2

Active models: | O 2 3 4 5 7

Inside Molecule Map Hits
0.620 3391 emd 5623 .map i
0.056 0.103 3391 emd 5623 .map 1
0.053 0.101 3391 emd_5623.map 1
Place Copy Save PDB Options Delete Clear List Close Help y




UCSF CHIMERA

[ NON | MatchMaker [ NON Structure Measurements
Reference structure: Structure(s) to match: Distances I Angles/Torsions I Adjust Torsions I Axes/Planes/Centroids I
prot-S.pdb (#1) prot-S.pdb (#1)
i9i (#2.2) 13j9i (#2.2) ID| Atom1 | Atom2 |Distance Create Remove
1 ALA119.ACA ALA116.ACA 5.235A " ' None
Labels © ' ID
— Further restrict matching — Further restrict matching o Distance
® O chain Z: proteasome subunit B to current selection to current selection
. .. Distance formatting options :
File Edit Structure Headers Numberings Tree Info Preferences — Chain pairing )
S - . . Decimal places 4]/ 3 »|
3j9i (#2.2)chainZ 1 TITTVGITLKDAV IMATERRV TMENF IMHKNGKKLFQID[TYTGMT IAGLVG o Best-aligning pair of chains
between reference and match structure Show Angstrom symbol
3j9i (#2.2) chainZ 51 DAQVLVRYMKAELELYRLQRRVNMP IEAVATLLSNMLNQVlKYMPYMV S G ch ‘
: ~. Specific chain in reference structure — Depiction options —————————
3j9i (#2.2) chainZ 101 VGG IDTAPHVFS IDAAGGSVED IYASTGSGSPFVYGVLESQYSEKMTVDE with best-aligning chain in match structure l
| | - . . Dist : |
3j9i (#2.2) chainZ 151 GVDLV IRAI1SAAKQRDSASGGM IDVAV I TRKDGYVQLPTDQIESRIRKLG Specific chain(s) in reference structure Istance color I_
39i (#2.2)chainZ 201 L I L with specific chain(s) in match structure Line width: [1.0
Helices/strands depicted in gold/green 3j9i (#2.2) GLU 121.Z Quit Hide Help Y Alignment algorithm: Needleman-Wunsch Matrix: BLOSUM-62 Line style: --
e — [12] Gap extension penalty | 1 Save as defaults
Include secondary structure score (30%) Show parameters ~ Choosing in table selects
Compute secondary structure assignments atoms (and pseudobond)
— Show pairwise alignment(s) This panel for atom-atom distances only. Use Axes/... tab or "distance" command for other distances.
Matching
P Multiscale Models ©® * © Coulombic Surface Coloring lterate by pruning long atom pairs until no pair exceeds: Save Close Help
Selectchans ‘ Suraces i clo by £ 2.0 angstroms T
. SMS main surface of prot-S. #1 = . . .
All With loaded atoms Clear o P pdb (#£1) ~ After superposition, compute structure-based multiple sequence alignment
Extend Up Copies Atoms Loaded atoms Save settings Reset to defaults
Near Contacts Range |5 | Load atoms OK Apply Cancel Help Y
Number o colorsvalues: 3 T — °ce Surface Colo
Act on selected chains . I_ . Color surface emd_5623.map (#2.1)
Selected chains Show Hide Hide all styles by height
. . . I -10 I 0 I 10 kcal/(mol*e) y €ig v
Other chains Show Hide Hide all styles origin [0 center axis IO o 1|
Style Show... Show also... Hide... Distance-dependent dielectric: true :
Dielectric constant: |4.0 LA Hide Dust - | . .
Color I_ Transparency IO Dist £ rface: Surface prot-S.mrc (#0)
orr | e istance from surface: |1.4 | 1121.3 [158.8 |196.3 [233.8 [271.3
olor Atoms Ribbons to match surfaces - SRTRRETSTRY . Volume |1.
cosurt cesolut ; " surt t Implicit Histidine Protonation |1 71 l L Colors 5 Palette Rainbow Reverse @
esurface Resolution I - Surface parameters A d histidi tonation f i A
P striii’.f'r’is w,{fhi,é?if;ﬁc?t"ﬁyﬁﬂ,giﬁ,s Hide small blobs based on  volume E Create color key

Delete chains © Residue name-based

HID/HIE/HIP = delta/epsilon/both Hide Unhide Options Close Help | Only color sliced surface face
Modes from molecules and mattices HS = st 2 — : "
= estimated from H-bonds Report value at mouse position

Multimer:  Biological unit ~ specified individually...
Make models Delete selected models

Set full range of surface values

| Per-pixel coloring

- Compute grid...
Create corresponding color key

Color Uncolor Options Close Help Y
Close Help Y Z

=0 OK Apply Close Help -




UCSF CHIMERA

MODIFYING CHIMERA

» In Favorites, select “preferences”
» Select "Tools” from Category menu

» Select tools to Auto-start tools, add
quick links to side panel of viewer
or add items to Favorites

» Add Chimera Extensions by
selecting “Add..” in locations panel

» Save preferences

[ NON | UCSF Chimera
File Select Actions Presets Volume Tools Favorites Help

F
[ NON | Preferences

Category: Tools

Settings

Tool Auto Start | On Toolbar | In Favorites |
General Controls

Command Line ] ol v

Model Panel ] o
PseudoBond Panel ] o ]
Keyboard Shortcuts [ n Il

Task Panel ] o ]

IDLE [ [ [
Viewing Controls

Side View ] ol v

Toolbar placement: left

Locations

Delete All

Reset Restore Save Close

Command: |measure symmetry #0.1 v/
Active models: 0 1 2 3 4 5 6 7 8 9 | | All Next Previous

e - =N
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[ NON | UCSF Chimera

CHIMERA EXTENSION: PATHWALKING === =="="="=""="=

» Automated Model building with
Pathwalking

» After adding Extension location,

"pwtest” appears in Volume Viewer
Tools menu

» Adjust the map threshold in volume ° 0 e
Map prot-S.mrc (#0)
viewer and set the number of residues in esiie _ [500
Model £
pwtest. Press pseudo-atom to generate — ]
nodes and then Trace to generate path. e
Delete Atoms
Fix Bonds
» https://blake.bcm.edu/emanwiki/ Unfix Bonds
Build helix
Pathwalker Close Help y

Comman!: Imeasure symmetry #0.1 Ll

Active models: 0 1) 2 3 4 5 6 7 8 o | All Next Previous



https://blake.bcm.edu/emanwiki/Pathwalker
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UCSF CHIMERA

FOR MORE INFORMATION

» User Guide: https://
www.cgl.ucsf.edu/chimera/
current/docs/UsersGuide/

» Getting Started: https://
www.cgl.ucsf.edu/Outreach/
Tutorials/GettingStarted.html

® © ® @& ocetting Started with UCSFChi X 4

& > C @& https://www.cgl.ucsf.edu/Outreach/Tutorials/GettingStarted.html#MenuMouse w5 ® @ o

UCSF Chimera - Getting Started

This tutorial provides an overview of basic features in Chimera. You can interact with Chimera
using menus and/or commands. The basic features of Chimera are available either way, but not
all command functions are available in menus or graphical interfaces, and not all menu or
graphical interface functions are available in commands. Thus, it is useful to become familiar
with both ways of interacting with Chimera.

The Working with menus and Working with commands sections are independent of each
other and (for the most part) cover identical operations, accomplished in different ways. If you
go through both sections, you can skip portions that cover issues you already understand. You
can also go back and forth between the sections to see the correspondence between menu and
command operations.

Outline:

¢ Working with menus - Part 1
o Getting started
= Opening a structure
= Side View
o Using the mouse
= Selection with the mouse
o Selection/Action
o Models and model status
¢ Working with menus - Part 2
o Setup
o Representations

DNA helix with bound netropsin

Typographical Conventions

o Surfaces Item Example Description
e Front image how-to (menu) Keyboard key The control key
. . Mouse ke Mouse button 1 (left button
o Working with commands - Part 1 y ( )
o Getting started Menu action | File=Open | File Menu bar pulldown,
followed by Open

= Opening a structure
» Side View
o Using the mouse
» Selection with the mouse
o Command/Target
o Models and model status
e Working with commands - Part 2
o Setup
o Representations
o Surfaces



https://www.cgl.ucsf.edu/chimera/current/docs/UsersGuide/
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