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Important Note: There is both a Chimera and ChimeraX program out there. Chimera is an oldg
program that is being phased out for ChimeraX. This tutorial is only fiore@iX, and many of the
functions and commands listed below will not work for the older Chinpeogram. So, be sure to
download the correct program!

Installing ChimeraXx

ChimeraX is available for free downldad all operating systemat the official website here:

https://www.cgl.ucsf.@u/chimerax/download.html

Scroll down to find thé@roduction Releasés2 3ISG (G KS Y2al
.dzA f Raé YA IKG C)QYﬁI'A)f odzZ3az az AdQa

version number that you se@e. version 0.91 is better than 0.9).
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Getting PDB files and basic information about a protein

Crystal structures of proteins can be found in #ieB (protein data bank) database here:

https://www.rcsb.org/

ThePDBis a public resource maintained by the National Institutes of Health (NIH) and is supported by
public fundg(your taxes)

To download a crystal structure, you need to find the appropridd® Pprotein data bank) file
on the website. You can do this using search strings, or you can input a protein database identification
(PDB ID) number.

Example Instructions for Downloading a Protein

Navigate tohttps://www.rcsb.org/

w 9y Ui SNI davy GKS aSENOK 0FN) 6gAlK2dzi GKS LI NBYUKS:
w !0 GKS dzLJLISNI NR IKG X @ 2 d@ickthisitd getéa Sr&@owin meénRahd y £ 2 | Ré
aSt SO0 1 KS optidn Bnot th€chdwth (@2 tag, which is a compressed version)
w This will download the file through your browser. It will be file ending with .pdb
w Note that the download page contains much informatarout the structure, including:
0 The source articléor the structure, with additional background info
A picture of the overall structure
A list of subunits and ligands
Estimated structures of bound ligands and interacting residues
Source organism (what life form the protein came from)
X-ray data and daté was deposited
Genetic sequence info
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https://www.rcsb.org/

ChimeraX Functionality Overview: Basic Stuff

Note: The following pictures are from the Windows10, ChimeraX 0.91 version. Different versig
and different OS environments will have a slightly different layout.

1 When you first open the program, you should see something like this:

ools Favorites Presets Help

Medical Image

Working Pane

Log Pane

Previous files

(will be blank the first time)

Models Panel;

P Command Line

Note that the ChimeraX window is laid out as a series of individual panes (likeghbane andModels
pane on the right). You can move these arouneire T S G KSYX 2NJ NBY2@S G(KSYO®
more later. The grey area is the working pane whbeeprotein will be once we load it.

T [SGQa FANRG 2R 2dzNJ LNy OGAOS LINRGSAY wmaidLle ¢
o LT &2d2Q@S R2¢yf 2 RSR (GKS LINRGSAY>X &2dz OFy o
then select the 1stp.pdb file.
o If you areconnected to the internet, you can instead call the file directly by typing the
following command into the command line:
A $open 1stp

Note: CNBEY KGSNB 2y 2dais L 6Aff 05 AYRAOFGAYS
I Ol dzl £ £ & (skthd3extdhktllods> Ect thaBe of you not familiar with programming, th
Gbé Aa GKS adlyRIFENR LINRYLII Ayacorkeéitioh.yAE Sy @

Another Note Whenever you are using line commands, you must (in most cases)axsetityas
GNAGGSY @ lye YAaidlri1Sa FyR GKS O2YYIFYR gAf
interfaces, they become much faster with practice as opposed to clicking through menus to find
right button. | suggest learning to rsi@r thecommand line functionsiAlso note theLogpane lists
all commands used during the sessidrhere are also some commands that can only be done by
O2YYlIyR ftAySs a2 A0Qa o0Sad G2 a4 tSrada 3Si




1 If you correctly loaded the 1stp file,should look something like this:

¥ ChimeraX — o] X

File Edit Select Actions Tools Favorites

e Molecule Display  Mucleotide

Command:| STEENER

T [SGQa adGFNI (2 LXlFe gAGK GKS Y2dzaS FyR Y2@0S (K
o0 Leftclickholdingon the proteinand allows you move it about the vertical and
horizontal axis
o Leftclickholding in theblackregionallows you to rotate th protein clockwise or
counterclockwise
0 Spinning the middle wheel allows you to zoom in and out
0 Rightclickhold allows you to move the center of the protein about the screen

1 Next, play around with the different buttons on tii¢ome Taland see what happens:

=% ChimeraX

File Edit Select Actions Tools Favorites Presets Help

Home Molecule Display Nucleotides Graphics Medical Image Markers Right Mouse

BuRgeSS Jos lEL

Open Recent Save  Snapshot Spin | Show Hide  Show Hide Stick Sphere  Ball White Black Simple Soft  Full
movie stick

File Images Atoms Cartoons Styles Background Lighting

1 As you play with the buttons, note a few things:
0 TheLogpane will list what equivalent command is being typed. For example, when you
KAG (GKS G2 KAUGSéENDdzgiRe ya3gi NiKGs a8 228t asSS
the logwhich is the equivalent line command entry
A setbgColor white

Note: LT @&2dz Oft AO|l 2y (GKS o6f dzS dzy RSNI A yeSuRor ihd E
command. Paying attention to the log is also a great way to learn the line commands!



help:user/commands/set.html

o ,2dQff faz2 y20A0S & e&2dz LX & |NRdzyRI GKI
to the ribbon backbone.
o Feel free to take a snapshot or makenavie of your little protein.
A By default, these will be saved to your desktop as a PNG (pictures) or MP4
OY2O0AS&au o LT &2dz gtyid G2 alr@S AG StaSgl
do it by the command line interface.

1 Next, hit theMolecule Dispay tab and start to play around with the buttons here as well

File Edit Select Actions Tools Favorites Presets Help
Home Malecule Display Nucleotides Graphics Map Medical Image Markers Right Mouse

&show | Sshow @ show 'j o J@, @ @ 5 @ ﬁ{? {?ﬂ S@D ;’B

Stick Sphere  Ball Flain heteoatom chain rainbow b-factor hydrophobic nucleotide  H-bonds  Hide  Sequence Interfaces
stick H-bonds

Atoms Cartoons Surfaces Styles Coloring Analysis

@ Hide | S Hide | ('Hide

o b20S GKIF{G ydzOt S2G4ARS NBflI SR FdzyOiAzya g2y
the structure of 1stp

0 Also note that hitting theSequencébutton brings up a new window pane on thight.

o LT @2dz {SSLI YIaKAy3d (GK2a&aS odzit2yas e&2dzQff &
maybe even something like this:

& ChimeraX a X
file Edit Select Actions Tools Ffavorites Presets Help
Home  MoleculeDisplay  Nucleotdes  Grophics  Map  Medicalmage | Markers  Right Mouse

MEQA &RSSTSS /0L HELM
Open Recent Save  Snapshot e:h\'u Show Hide Show Hide Stick Sphere g simple Soft  Full

Flle Images Atoms cartoons Styles Background Lighting

8 x

rainbow

~hbonds

331 hydrogen bonds found

set bgColor black

lighting full

Models 8 x

Name D = % Close

1stp 1 O

Hide
how
View

Sequiew [ID: 1.A] 8 x

chainA 1DPSKDSKAQVSAAEAGITGT *
chainA 21 WYNQLGSTFIVTAGADGALT
chainA 41 GTYESAVGNAESRYVLTGRY
chainA 6L DSAPATDGSGTALGWTVAWK

prm—"— Sequence Pang

A

 2KAfS GKA& YI@ 0SS aFNLé¢ (2 az2y$sS LIS2L)X Sz &2dz2Q0S
helpful.
9 To return us to the initial praet, use the following menu selections:
0 PresetdhOriginal Look

Note: From here on, | will always indicate drdpwn menu selections using the same bold purple
GSEG F & I oBizating theinéxt sulbs&ueat selection




1 Continue to play around with the differefresetsthat are available.
o0 Also experiment with combining different presets with different buttons found on the
G1 2YS¢ YR daa2fS0OdzA S 5AaLXleé¢ Gloa & 6SF2N
o Remember that you may not see changes for the nucleoside selections, since there are
none in this particular protein.



Processing a Protein Part 1: Removing Stuff & Colors

1 Restart the ChimeraX program and load the 1stp protein as éefor
0o ,2dQff y20S GKIFId &2dz OFy Ffa2 OFftf (GKS LINEI
fAald 2F GKS Y2aid NBOSYGd LINEGSAydadthedzQ@S & 2 N
this way.
T [SGQa adl NI OKIFIy3aAy3d &a2YS O2f 2NAR KSNB® CANRG X
f SI@S 2yte GKS LINRBISAYy® . 2dz Oy R2 (GKA&a o0& Of
0 You can also accomplish the same in the command line by typing:
A $ hice atoms
o Now that you have just the protein ribbon, note the small-4@iored box sitting in the

Model pane
Models F X
MName 1D Ly % Close
1stp 1 o L] Hide
Show
View
ol

0 You can click the tan colored box to bring up a list of available colors. Color your protein
green (any shade is fine). Note that the colored ldll change to match what you have
selected
T [StQa Ffaz2z OKIFIy3aS O02f2NR o0& (GKS O2YYlIyR fAySo
Logpane by typing the following:
o $ color list
1 Each color is next to the name required in the command lirer.ekample, we see the color
Gt AIKGa1eot dzSode ,2dz Oy OKFy3S G2 GKAa O2f 2NJ
o $ color lightskyblue
T [ SGQa NBOGdzNYy G2 GKS 2NRAIAYyIf O2f 2NAy3 aOKSYSo
0 PresetsdhOriginal Look
1 Now, select the color red, either by choosing it from the box inMteelels pane or using the
line command:
o $colorred

 ,2d2Qft y20S (GKIFId ¢6KSyYy @&2dz OKIy3aS O2fte2N) GKAa oI
protein, ligands, everything! Now we need ®ect individual parts so we can tell the program
to only color what we select.

1 Return again to the original coloring scheme.

0 PresetsdhOriginal Look
T [SiQa adl NI o0& &aStSOGAy3a GKS &adzt FdzNJ I G2Y 2F (K
mouse over the atom for a second, a small dialog box will appear that says something like this:
o /ABTN 300 S1



A This means chain A, molecdedeBTN atom code #300, sulfur #1
0 Hold CTL (control) and left click to select the sulfur atom. If you didahisctly, it
should be outlined in green.
o ,2dz Oy SELI}I YR @&2dzNJ
highlight the entire ligand

08 KAGGAY 3 (F

h

T b2¢x fSGQa OKIFIy3dS 2dzald GKS fA3IFIYR INBSy ¢ KS
commard line:
0 $color sel green
A ¢KS g2NR aasSté¢ Aa akKz2NI FT2N aaStSOlGA2y d:
gKIG 82dz2Q@S 3J20 KAIKEAIKGSR G2 GKS O2f 21
T b2g (GKFG GKS fA3IlIYyR Aad 2 y-dabonAdisSyoIcahaiddd RATFTFAC
standard héeroatom coloring by next typing the following:
o $ color sel byhet
A b20S GKIFId KAGGAYT GKS &I SGSNRI G2Y¢ 0 dzi i
also do the same thing.
1 To deselect your current selection, you need to CTL -cliek in a blank space, or tgp
o $selclear

1 ., 2dzQf § NER R20G&a ySIN (K
ligand, and ChimeraX will display these by default. To see all of the water molecules in the
crystal, type the followingommand:
o $ show solvent



9 1ff GKS&AS 61 GSNJ Y2t SOdz Sa R2y Qi dzadzrtte& YIGaGaSN
in the mechanism). We can remove all of the water molecules with the command:
0 $ delete solvent

¢ o0dzid2yX RSEtSGAYy3a (GKAY

Note: Although ChimeraX has @&n! y R 2
G R S KB K ARSYE Y IO2R YO IyNS TOdzty't

dzy R2y S o ''aS GKS

T {Ay0OS 6S KI @S YIRS | t2G 2F OKlIy3aSaz tSdiQa atl g
using theFilelhSavecommand. This will save your session as a .csx file. Name it something
fA1S amaidLlLl LI NIlwmé
9 bSElGx tS8SiQa are ¢S é6lyid G2 aStSOG FyR O2t2NJ |
Fid GKS ao02G02Y¢é 27F KBK S d&E FNIND O deeBrxp ¢ § BdeiDé Ny
several ways to do this:
0 YoucanCTL+Ilgltf AO1 2yS Iid2Y 2y GKS NBaARdS:zI (KSy
residue is selected
o LT @2dz K2@SNJ 203SNJ 1KS Y2 dzupupzhatSaydthieKS NB a A Ro
NEA&ARdAZS Aa a!k ¢wt wmny /5HéE SgKAOK (Sftffa dza
can select by residue using the command:
A $sel:108
1 ¢KS aYé Ay (GKS O2YYFYyR KSNB YSIya aN
T hyOS &2dzQ@S &St SO @it sBvdrarnid thénkadddhe betdidatdinAiidl the/ >
following commands:
0 $ color sel silver
o $ color sel byhetero




Processing a Protein Pa2t How to Show, Hide & use Labels

1 Restart the program and load the starting 1stp PDB file to regetything
1 Pay special attention to the initial output in th®gpane:

Log F X

UCSF ChimeraX version: 0.91 (2019-12-23)
© 2016-2019 Regents of the University of Califormia. All rights reserved.
How to cite UCSE ChimeraX

open lstp

Istp title:

Structural origins of high-affinity biotin binding to streptavidin
[more info. ]

Chain information for 1stp #1

Chain Description

A | streptavidin complex with biotin

Non-standard residues in 1stp #1

BTN — biotin

1stp mmCIF Assemblies

=

author and software defined assembly

1 There are a few important things to take note of here:
0 ¢CKSNE A& 2yfeée 2yS OKIAys OFfftSR a!é¢ o6& R
o ¢KS f A3l YyR-aXid yRY NRKS NBBARIzZSa:X yR KlFa (K
A Note that this BTN identifier is also on the PDB web page!
1 First, remove the water molecules with the command:
0 $ delete solvent
T bSEGZ tSdiQa FRR t1r68fa G2 dGKS fA3FyR FYyR GKS N
o $label @@display
9 This should cause labelspop up in the default color. You can make changes to the labels such
as:
o $ label height 1.0
A tdzidAy3 RAFFSNBYUG ydzYoSNE Ay (GKS amonég
o $label color red
A Makes the label font the input color (red here).
1 ., 2dzQf f y20SA&AKYIINNEKE d . AGF yRnn oé CKAA Aa yz20 |
residue. You can remove this label using the command:
0 $label delete :BTN
Ab2(GS 22dz Oly da8 GKS osBeNR Gf ATl yYRE AYAl!
1 If you make a mistake or you want to removelaltlels, just use:
o $ label delete

ST
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Processing a Protein PaBt FindingH-BondContacts

1 Restart the program and load the starting 1stp PDB file to reset everytAiggin, he easiest
way is usually to do it by line command:
o $open lstp
1 Remove the water mieculesagainwith:
0 $ delete solvent

T CANRGZI f Si2/ERaF MyWYR (0KKSS &l i NHzO (i dzNB & 2Ry ROy R2 G
odzidi2zy 2y (GUKS daz2fS0OdA S 5AaLXleé¢ GFoX 2N &z2dz O
o $ hbonds

T ,2dzQft y23GA0S KL (dHbdodsan the préteiin sttuétiges | £ £ SAGAYLEFGS

Note: TheHo 2y Ra (GKI G / KAYSNI - akKz2ga NB SaidAvYl
know for sure if these are correct without additional data. Stik, algorithm thatChimeraX has a
good history of predidt y 3 G KS&AS AYyiGSNIOlAzyazr a2 AidQa O
WSYSYOSNE K2gS@OSNE GKFdG ¢S R2y QU (1y2¢ .Fyeéi

T {AyOS 6SQNE 2y @2 WAl SNBATGKR N S&EE JanddyS G Qa4 NB
SAGKSNI KA G GoA2yyAR &1éK So dall (A2RS Ay GKS dGaz2f SOdzZ S 5A &L
o $ hide hbonds
A Note that you can also use the following command to hide things:
1 $ ~hbonds
9 To only find contacts between the ligand and nearby residciesose onef the following
options:
0 Selectthe ligand using CTLH&ft A O1 = LINB&aAy3d dadzLd 2y GKS 18
fAIFYR a0NUzOG dzrRY RAEK SWzIK R Y LSPWESLEMIS ¢4 ai2 {0S O dzf
o Use the command
A $ hbonds :BTN
o Use the command
A $ hbonds ligand
T ¢2 oO0SGAOSNI 1SSLI GNX¥Ol 2F ¢6KIFiQa 3I2Ay3a 2y KSNB:
o $label @@display
1 We can make a few other changes to théddhds. Try these:
o $ color hbondsnagenta
A Should turn all of the #onds magenta You can see the list of colors with:
1 $color list
o $ hbonds :BTN showdist true
A Should remake the 4Honds in the default color, but also have the distances
marked in Angstroms
o $ hbonds :BTN showdist true colmagenta
A This will combine the above commands.
1 C2NJy2¢63 fSGQa 2dzad dz&aS (GKS RSTFlLdz G O2f 2NAy3IX
o $ hbonds :BTN
T {AYOSR28¢80OE t20 2F 62N] KSNBHelhSAke@amaad, @S 2 dzNJ a
naming the file Fbonds.



T . 2dzQf £ y 2 i A O Sbonidl hat ppdark B dhBtachthie ribbgh bdckbone near Asn49.
28§ ySSR (2 1y26 6KSGKSNI BN bgcRhbibne & SradDNiBhe ¥rhideA y 3 02
To do this, we need to show this part of a protein in stick form. There are a couple of ways to do
this:
0 Select an atom in Asn49, then hit the up arrow until the entire residue is selected. You
Oy GKSY KidNI2rFéabaRE2y Ay GKS al 2YSé Gl o
ribbon, leaving the backbone exposed.
0 You can use the command:
A $ hide :49 cartoon

1 You can see that the ligand is forming abdtd to the N atom. This information will be useful
when we make a2 pharmacophore later. For now, you can leave it looking like this, or you can
aK2¢ (GKS OFNIL22y |3IFLAysS SAGUKSNIoe Of AO1Ay3a GKS
command:
o $ show :49 cartoon



Processing a Protein Part 4: Finding NBalar (vdW) Contacts

1 hlLISyYy GRYREI aSaarzy (GKIFIG @2dz al SR S| NX-A SN 2 ¢
bonds shown.

Note: C KSNB I NB &2YS5S O2YYlIyRa 635 6Aff dzad KSN
LGQa 0Said sessiokready3o gb soddu@ed Rload if you get stuck!

f  Unfortunately, there is no easy way for ChimeraX to determine alri@nf I NJ Ay 4§ SNF O A 2 y 3
have to do it manually. Most vdW interactions range fromA& depending on the size of the
Fd2Ya Ay@g2t OSRO {22 FTANRG fSiQa RAaLIX Il & SOASNE
distance of 3.8 using the command:
0 $contacts A@C* restrict :BTN@C* distance 3e®eal truename vdW
A The 3.8Anumber is abitrary here, and you can change it. However, 8.8
should give you all reasonable interactions (though there could be more).
A You can repeat the command with different numbérsstead of 3.8jo see
what happens if you wantTry adding a bigger numb& i @ 2dz R2y Qd 3ISi |
results using 3.8. Numbers like 4.0 or 4.2 are also reasonable.
A ¢KS a/fFé¢ YSIya alftf OFNb2y | G2Yadé {232
a2YSOKAY3 tA1S dakKz2g It ARA@POJabdia 0SisS:
ligand BTN carbons (BEAM F 0 G F RA&GlIYyOS 2F ooy ! y3

1 ChimeraX indicates that our ligand is making several contacts with Trp108 and Trp79.
o If you want to change colors, the easiest way is to click the colored box Madels
paneon the vdW line (which is what we nachéhese contacts) Be sure that the arrow
next to the 1stp is clicked to show the list of all associated objects



Models g x

Mame D o ‘ Close
v stp 1 _I O
hydrogen bonds 11 M Il Hide
labels 12 _| O
vdW 13 B O Show
View

o LT @&2dz RModakpanddpad,Soulcan bring it up usiigolsihGeneralh
Model Panel
T [Fadfes @2dzQf f ¢yWNHMOS NBK lalK 216a/ysn P deiy R KS& | NBy Qf
hide them to clean up the picture with the following commands:
o $ hide :90:49
T 2SS Oly NBY2@S GKS tSTi20SNIftloSfta 6S R2y Qi oy
o $label delete :90 :49 :BTN
T {1 @S GKA&a aSaaxay F2 Na[FixaldNB NBFENSy OS o



Processing a Protein Part 5: Using the Sequence Pane

1 Open a fresh 1stp file as before
 Bringup theSequencdJr yS o6& LINBaaiAy3a GKS a{SljdzSyO0S¢ 06 dzii:

Seqview [ID: 1.A] F X

chainA 1DPSKDSKAQVSAAEAGITGTWYNQL
chainA 26 GSTFIVTAGADGALTGTYESAVGNA
chainA 51 ESRYVLTGRYDSAPATDGSGTALGW
chainA 76 TVAWKNNYRNAHSATTWSGQYVGGA
chain A101 EARINTQWLLTSGTTEANAWK/STLV
chain A126 GHDTFTKV[KPSAASIDAAKKAGVNN]|
chain A151 GNPLDAVQQ|

1 Some important things to note:
o ¢KS FTANRG OKIAYy A& flIo0ftSR a!é¢ o6& R
only see chain A.
The yellow regions correspond tehelixes
The blue regions correspond itepleated sheets
The white regions correspond to sections with nosetary structure
The white regions with a black box around them correspond to disordered sections
which were not determined by-XJ &8 o6&2dz OF yQi &aS8S GKSYHO
1 [ SGQa hihetiXgg redi OAUbKeft-click on one of the yellow regions to select them. Then
enter the command
o $ color sel red
T bSEGEZ f SiQa isBebtShring dnkeSidud 330 Highliyht this sequence by holding
left-click and dragging over the TFIVTA sequence. Then, color it blue with:
o $ color sel blue
1 You can use th8equenceganeto easily highlight sections of a chain, or find specific
sections/residues.

Tl odzE @

(V)]

O O O o



Processing a Protein Part 6: Working with Surfaces

1 Open a fresh 1stp file as before
1 Getrid of all stick atoms one of the following ways:
o / fAO01 GKS a1l AR SéHomeb@Wlgculd Displayzay 2y G K
o0 Type the command:
A $ hide atoms
T [StQa y2g 221 FG GKS LREIFINARGE 2F GKS LINRBGSAY
lipophilicity potential surface one of the following ways:
o /fA01 GKS dal &RNER dtdrbh@skoioh of thdAdletulé Digplay @bK S
instead you can type the command:
A $mip
1 You will get the protein surface mapped by lipophilicity, with dark cyan beinmts
hydrophilicand goldenrod being themostlipophilic surface (with white being in between).
0 An easy way to remember is that the oily spots are the color of cooking oil!
T [ SGQa 4SS 6KSNB 2dzNJ f A3FYyR aAda 2y GKS adaNFI OS
o $ show ligand
A | 2dzQf £ y hitid oben ofitife Sgarld fits\intd a greasy region!
T {AyOS 2dzNJ adzNFI OS Aa az2f AR S OFyQi aS8SS (G4KS N
display both by adding transparency with the following command:
o $trans50
A ¢KS dapné¢ KSNSBIfrdedo pltin Di&redd Suyhbers and €e8 ®hat
you like.
1 Try the following commands to play with your surface and see what happens:
o $ surface hide
$ surface color silver
$ surface style mesh
$ surface style dot
$ surface style solid
$ surface ligand @<5sible 1
$mip
0 $surface ligand @<5 visible 1
1 Remember you can always revert to the original style with Prds$g@riginal Look
1 Note that the bfactor button (next to the hydrophobic buttori} for theDebye;Waller factor.
In terms of proteins, thislzd dz £ t @ YSlIya K2¢g aFf2LIRE 2N aRA&2N
0 The default blue color means highly ordered/rigid, while the red color means
disordered/floppy.
0 ¢CKA& O2f2NJ a0KSYS AayQi LI NIAOdz I Ne@& dza ST d
that study protein structureand Xray crystallography

O O O O o0 O



Processing a Protein Part Working witha Metalloprotein

T [ SGQa L) I & 2 drktdlloprotei doywezarSleam hawKo deéal with a metal atom
91 Load the proteirBhkuwith the following conmand:
o $ open 3hku
A This protein is carbonic anhydrase Il with the drug topirmate bound, which is
used to treat seizures.

1 Depending on your ability to see color, it can be difficult to see the ligand versus the residues.
Using starkly contrasting colorsrchelp identify things more easily, especially for the colorblind
or partially colorblind Try the series of commands below to modify the color schanteget
rid of the water molecules

o $ color ligand green
o $ color byhet
o $ delete solvent

9 Also note the presence of ttEnc metal here, which appears a grey sphekéany proteins
have metals, and they appear esloredspheres in ChimeraX

Note: You should noticpurple dotted lines between the zinc atom and nearby residugese are
expected metallic bonds calculated by ChimeraX. By default, ChimeraX will mark these when y
open a PDB file containing a metal. Recall that because metals have a positive charge, they w
coordinate with electronegative atomsmost usually N, O and S.

T [SGQa GNB G2 Ylydzatte €221 F2NI LFa2ya GKIG | NB
/| KAYSNY - R2SayQi I glrez yNB @23yRaalzS | Al KS2E de3 KY SAdGil ¢ ¢
with metalprotein bonds

1 First, lets get rid of the purple metabbhds ChimeraX has marked with the following command:

0 $ hide pseudo



A ¢KS GLESddZRR2E A& aK2NI F2N LJASdZR202YyRasx |

lines.
T bSEGT 6SQONB 3I2Ay3 (2 d&AaS || TFlyode aO02yRofOiaé O2
the zincatom:
o0 $ contacts :ZN restrict #1 @N*,O* distance 3.5 reveal true name metalbonds color gold

A ¢KS dal mXbrpZhfé YSIya Fye YAGNRISY O6bfF0

A The 3.5Ais arbitrary, and you can change it, Note that 3.5 works well for most
metakigand and metaprotein bonds. Any number from 3} is usually good.

-,
N\

T b2GS GKIG 6S KF@S + yS¢ 62yR (2 GKS 2Ee&3Sy 27
before. This means the zinc is likely coordinating to this atom, too!
0 The most common ligand groups to cooraia to metals are amines and carbonyls.

Note: MetalsOl' y O22NRAY I GS G2 YIyeés YI ya8ihtdiagtons.d
While this might sound like it would cause steric crowding, metal atoms are much, much larger
carbon atoms and catierefore interact with lots of nearby electronegative atoms.

1 Check out the 2D pharmacophore at the end of this tutorial for an example of a 2D model with a
zinc atomin a different protein making multiple contacts to protein residues and a ligand.



Processing a Protein Part 8: Deleting Extra Chains and Cofactors
LiQ&a LINBGiGe O02YY2y F2N LINRPGSAyYya aiY2S NaBSh £O NBCAKIS &f f

also often crystallized with salts, additives, anefactors. Most of these molecules just add to the

clutter and can be removed to help focus on thetligé&rug of interest.

GAGK | LINRPGSAY ONRAaGEt adNHzOG dzN

T [ SGQa LINJI OGAOS
following command:

o $open 1h®
A This is the crystal structure of HMG CoA Reductase bound with the drug

simvastatin a drug designed torpvent cardiovascular disease.
1 The log pane shows up that there doair chains and two ligands present

Chain information for 1hw9 #1

Chain Description

A B CD |HMG-coa reductase

Non-standard residues in 1hw9 #1

ADP — adenosine-3'-diphosphate

SIM — Simwvastatin acid {dimethyl-compactin)

f ¢KSNS NS n OKIAyad KSNBI YyIYSR 'z .3 |/ FTYR 50
symmetrical and all 4 chains are the same.

o ltispaaArotsS 2 KIS I aGNHz2OGdz2NE 6AGK RATFTFSNEB)
GKSY 0SS RdzLJX AOIF GSao® LGiQa 3ISySNIffe LINBdGGe
have very different structures

T [ SGQa IS NI Rwith the fallévg cerinfa®INI OK I A y &

o $delete /bd

A1 SNBQa 6SQONB GStftAy3a AlG G2 RSESGS OKIAY:

Note: You should notice purple dotted lines between the zinc atom and nearby residues. Theg
expected metallic bonds calculated by ChimeraX. By default, Chimwélaxark these when you
open a PDB file containing a metal. Recall that because metals have a positive charge, they w

coordinate with electronegative atomsmost usually N, O and S.

T .2d2Qft y230S GKId GKSNBE ' NBE Haa YO2ft 2 NY 2ifKSOrdztaRa oK

5

more easily identify them
o $ color :SIM green
o $ color :ADP red



'
o

02
*

A

1 These molecules are not close enough to interact with each other, so we can go ahead and

delete the ADP céactor
o0 % delete :ADP

Note: Most cofactors bind allosterically and do not interact with the ligand, so we can usually d
them. Common cdactors and additives include cations (sodium and calcium most commonly),
anions (usually chloride), sugars, ADP, ATP, orotic acid, steNéibs,NADP, FAD, SAH, SAM and
AUl YAYAO® LGQa LINBdGe O2 Yawt@s/aro@na.NJ LINR (1 SA y a

T LG Aa LkRaaroftsS F2NI I RNHA (2. Iiyouihdkypuwdli A GK O
ligand/drug might be interacting with a cofactahen leave it in there and look for-bbnds and
@R2 O2y il Olhao LF¥ A G dzNY awitrethizicofadt@® gaNdamaldizg@ k £ A 3|y
deletethe cofactorlater.



Processing a Protein Past RecognizindCation-Pi Interactions

Before we start talking about catigpi interactions, we first need to deal with the issue of
where thepositive chargectually resides. In general chemistry and organic chemistry classes, we use
formal charge as a way to accouuat electrons by putting positive/negative charges on certain atoms.
The problem with this formalism is that it gives the wrong impi@sas towhich atoms are actually
cationic For example;onsiderthe structure of acetylcholine with a formal chargersus where the
chargeresides

o+ .
B ¥ ) Yy
O/\/@\ 10 M SN 5t
o+
"Formal" charge showing Where the positive charge
cation on N atom actually resides

If you have unhindered carbon groups (particularly methyl groups) attached to a quaternary nitrogen,

then the positive chargen this unhindered methyl grouwill sit on the pi system. In contrast, a

primary amine (RNH:*) will leave significant charge near the nitrogen, so the nitrogen atansit on

Ly FNRYFGAO aeadasSvyo ¢ KAa f S| Rogintefiagtions: O2YY2y gl &a

NH;

I . Lys Arg NH,
. Y ® C)
CHs; *cH ' ‘
/ 3
g N ' o< o<
Neg [Dug N,
R R
Drug bears the cation and interactions Drug has an aromatic system that interacts
with Tyr or Phe residues with Lys or Arg residues

Note: When the cationisonthedruyi KS & O2 YY 2 y ¢ , ifefaktiynislar&comniog &
with unhindered carbons (especially methyl groups) bound to the nitrogen attust look for nearby
Tyr or Phe ringsTryptophan andHistidineringscan serve as a{siystem for a cationic drug, bttiey
areless common. If the drug has a phenyl system, then it is possible for a nearby Lys or Arg to
cation-pi interaction but this is pretty rare An example protein with a catiepi interaction is shown
on the next page.




Example of &Cationic Drug Interacting with an Aromatic Proteirefidue

Note: These are thenost common aneasiest to find, as our normal processing will reveal these
GKSY 6SQNB fpdla tohtgcE aF 28NJ dylef yiRendeBil&r, [fo®dved, that many
ligandk 62y QU K-pi@téraction OF G A 2 y

1 Load the crystal 1uw6 with the following command:

o $open luw6b
T [221 4 GKS &aA1TS 2F G(KAA& LidzLlle H L 2dQft y203S

T. The easiest way to delete everything but glsin A is to do the following:
0 $delete /bt
A1 SNBE 6SONB (StfAy3a G(GKS LINRPINIY (2 RSt

1 Change the settings to something more familiar with:

0 PresetsdhOriginal Look

f ¢KS tfA3IFYR KSNB A& yAO020AyST FyR (KBondd2RS 6AY

and vdW interactions with the following commands:
0 $ delete solvent
o $ hide atoms
o $ hbonds ligand reveal true
o0 $ contacts A@C* restrict :NCT@C* distance 3.8aahtruename vdW

T . 2d2Qtt y208 GKFG GKSNB FLLSINBR (G2 68 az2vY$s 02y

nearby tryptophan residueYou can show the backbone residues by selecting the residue by
holding down CTL and legticking the residue, or bselecting it with the command:
0 $select:143

A1 FTGSNI é2dz aSt SO0 Al KAa GKS al ARSE 2y
¢

5AaLiXreée ¢lFo

T [radftexr tSGQa FRR I oAl 2F O02f2N) 2 (GKS fA3lyYyR

o $ color ligand green; color byhet
A The semicolon hereia way to combine commands together, and gives the
same result as if you did them one at a time




9 Nicotine has both an aromatic system (the pyridine) and an ammonium cation at physiological
pH (7.4). This means nicotine has 2 potential [g#eat it could form a catiospi interaction
with the protein

9 Looking at the pyridine system, theRe2 S Zppéniito be angationic residues nearby, so
nothing to look for hergas expected because these interactions are radju can use the
following command to look for these rare interactions:
0 $ contacts /JA@N* restrict :NCT@Car distance 5 reveal true name catpi
A This command looks famny nitrogen atoms within 8 of an aronatic carbon
(Car) in your ligan(NCT herep 2SS 3SG I ab2 RAalGlIyOSaté
FNB y2 a4dzOK AYyGSNI OlAzya KSNBO® az2ai
 Lookingatk S LI NNERf ARAYS NRY 3 heK\eihd Sl cdrgadz f vy 2 (A
with a nearbyTyr residue This is a catiopi interaction!

A

CationPi Interactions

9 When you show these interactiorthe standard way to do this is tiraw a dotted line from the
positive sigrto the center of the aromatic ring like this:

u tA:



