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

 

Installing ChimeraX 

 ChimeraX is available for free download for all operating systems at the official website here: 

https://www.cgl.ucsf.edu/chimerax/download.html 

Scroll down to find the Production Releases ǘƻ ƎŜǘ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘΣ ƭƛƎƘǘƭȅ ǘŜǎǘŜŘ ǾŜǊǎƛƻƴ όǘƘŜ ά5ŀƛƭȅ 

.ǳƛƭŘǎέ ƳƛƎƘǘ Ŏƻƴǘŀƛƴ ōǳƎǎΣ ǎƻ ƛǘΩǎ ōŜǎǘ ǘƻ Ǝƻ ǿƛǘƘ ǘƘŜ tǊƻŘǳŎǘƛƻƴ wŜƭŜŀǎŜǎύΦ  5ƻǿƴƭƻŀŘ ǘƘŜ ƘƛƎƘŜǎǘ 

version number that you see (i.e. version 0.91 is better than 0.9). 

Getting PDB files and basic information about a protein  

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

https://www.rcsb.org/ 

The PDB is a public resource maintained by the National Institutes of Health (NIH) and is supported by 

public funds (your taxes).  

To download a crystal structure, you need to find the appropriate PDB (protein 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 to https://www.rcsb.org/ 

ω 9ƴǘŜǊ άмstpέ ƛƴ ǘƘŜ ǎŜŀǊŎƘ ōŀǊ όǿƛǘƘƻǳǘ ǘƘŜ ǇŀǊŜƴǘƘŜǎŜǎ ƳŀǊƪǎύ ŀƴŘ Ƙƛǘ άŜƴǘŜǊΦέ  

ω !ǘ ǘƘŜ ǳǇǇŜǊ ǊƛƎƘǘΣ ȅƻǳ ǿƛƭƭ ǎŜŜ ŀ άŘƻǿƴƭƻŀŘέ ōǳǘǘƻƴ.  Click this to get a drop-down menu and 

ǎŜƭŜŎǘ ǘƘŜ άt5. CƻǊƳŀǘέ option (not the one with (gz) tag, which is a compressed version)  

ω This will download the file through your browser.  It will be file ending with .pdb 

ω Note that the download page contains much information about the structure, including: 

o The source article for the structure, with additional background info 

o A picture of the overall structure 

o A list of sub-units and ligands 

o Estimated structures of bound ligands and interacting residues 

o Source organism (what life form the protein came from) 

o X-ray data and date it was deposited 

o Genetic sequence info 

https://www.cgl.ucsf.edu/chimerax/download.html
https://www.rcsb.org/
https://www.rcsb.org/


ChimeraX Functionality Overview:  Basic Stuff 

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

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

 

Note that the ChimeraX window is laid out as a series of individual panes (like the Log pane and Models 

pane on the right).  You can move these around, re-ǎƛȊŜ ǘƘŜƳΣ ƻǊ ǊŜƳƻǾŜ ǘƘŜƳΦ  ²ŜΩƭƭ Ǉƭŀȅ ǿƛǘƘ ǘƘƛǎ 

more later.  The grey area is the working pane where the protein will be once we load it. 

¶ [ŜǘΩǎ ŦƛǊǎǘ ƭƻŀŘ ƻǳǊ ǇǊŀŎǘƛŎŜ ǇǊƻǘŜƛƴ мǎǘǇΦ  ¢ƘŜǊŜ ŀǊŜ ǘǿƻ ǿŀȅǎ ǘƻ Řƻ ǘƘƛǎΥ 

o LŦ ȅƻǳΩǾŜ ŘƻǿƴƭƻŀŘŜŘ ǘƘŜ ǇǊƻǘŜƛƴΣ ȅƻǳ Ŏŀƴ ǳǎŜ ǘƘŜ άhǇŜƴέ ōǳǘǘƻƴ ƻƴ ǘƘŜ άIƻƳŜέ ǘŀōΣ 

then select the 1stp.pdb file. 

o If you are connected to the internet, you can instead call the file directly by typing the 

following command into the command line: 

Á $ open 1stp 

Note:   CǊƻƳ ƘŜǊŜ ƻƴ ƻǳǘΣ L ǿƛƭƭ ōŜ ƛƴŘƛŎŀǘƛƴƎ ŀƭƭ ƭƛƴŜ ŎƻƳƳŀƴŘǎ ǿƛǘƘ ǘƘŜ άϷέ ƴƻǘŀǘƛƻƴΦ  ¸ƻǳ ŘƻƴΩǘ 
ŀŎǘǳŀƭƭȅ ǘȅǇŜ ǘƘŜ άϷΣέ Ƨust the text that follows.  For those of you not familiar with programming, the 
άϷέ ƛǎ ǘƘŜ ǎǘŀƴŘŀǊŘ ǇǊƻƳǇǘ ƛƴ ǘƘŜ ¦ƴƛȄ ŜƴǾƛǊƻƴƳŜƴǘΣ ŀƴŘ L Ƨǳǎǘ ǳǎŜ ƛǘ ŀǎ a convention. 

 

Another Note:   Whenever you are using line commands, you must (in most cases) use it exactly as 
ǿǊƛǘǘŜƴΦ  !ƴȅ ƳƛǎǘŀƪŜǎ ŀƴŘ ǘƘŜ ŎƻƳƳŀƴŘ ǿƛƭƭ ŦŀƛƭΦ  ²ƘƛƭŜ ǎƻƳŜ ǇŜƻǇƭŜ ŘƻƴΩǘ ƭƛƪŜ ŎƻƳƳŀƴŘ ƭƛƴŜ 
interfaces, they become much faster with practice as opposed to clicking through menus to find the 
right button.  I suggest learning to master the command line functions!  Also note the Log pane lists 
all commands used during the session.  There are also some commands that can only be done by 
ŎƻƳƳŀƴŘ ƭƛƴŜΣ ǎƻ ƛǘΩǎ ōŜǎǘ ǘƻ ŀǘ ƭŜŀǎǘ ƎŜǘ ŎƻƳŦƻǊǘŀōƭŜ ǿƛǘƘ ǘƘŜƳΦ 

Menu Bar 

Previous files 

(will be blank the first time) 

 

Log Pane 

 

Models Pane 

 

Working Pane 

 

Command Line 



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

 

¶ [ŜǘΩǎ ǎǘŀǊǘ ǘƻ Ǉƭŀȅ ǿƛǘƘ ǘƘŜ ƳƻǳǎŜ ŀƴŘ ƳƻǾŜ ǘƘƛǎ ǇǳǇǇȅ ŀǊƻǳƴŘΥ 

o Left-click-holding on the protein and allows you move it about the vertical and 

horizontal axis 

o Left-click-holding in the black region allows you to rotate the protein clockwise or 

counterclockwise 

o Spinning the middle wheel allows you to zoom in and out 

o Right-click-hold allows you to move the center of the protein about the screen 

 

¶ Next, play around with the different buttons on the Home Tab and see what happens: 

 

¶ As you play with the buttons, note a few things: 

o The Log pane will list what equivalent command is being typed.  For example, when you 

Ƙƛǘ ǘƘŜ ά²ƘƛǘŜέ ōǳǘǘƻƴ ƛƴ ǘƘŜ ά.ŀŎƪƎǊƻǳƴŘέ ǎŜŎǘƛƻƴΣ ȅƻǳΩƭƭ ǎŜŜ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ǇƻǇǳǇ ƛƴ 

the log which is the equivalent line command entry: 

Á set bgColor white 

Note:   LŦ ȅƻǳ ŎƭƛŎƪ ƻƴ ǘƘŜ ōƭǳŜ ǳƴŘŜǊƭƛƴŜŘ ǘŜȄǘ όƭƛƪŜ άǎŜǘέ ŀōƻǾŜύΣ ȅƻǳ ǿƛƭƭ ƎŜǘ ǘƘŜ ƘŜƭǇ Ƴenu for that 
command.  Paying attention to the log is also a great way to learn the line commands! 

help:user/commands/set.html


o ¸ƻǳΩƭƭ ŀƭǎƻ ƴƻǘƛŎŜ ŀǎ ȅƻǳ Ǉƭŀȅ ŀǊƻǳƴŘΣ ǘƘŀǘ ǘƘŜ ά{ǘȅƭŜǎέ ƻƴƭȅ ŀǇǇƭƛŜǎ ǘƻ ǘƘŜ ƳƻƭŜŎǳƭŜǎΣ ƴƻǘ 

to the ribbon backbone. 

o Feel free to take a snapshot or make a movie of your little protein. 

Á By default, these will be saved to your desktop as a PNG (pictures) or MP4 

όƳƻǾƛŜǎύΦ  LŦ ȅƻǳ ǿŀƴǘ ǘƻ ǎŀǾŜ ƛǘ ŜƭǎŜǿƘŜǊŜ ƻǊ ƛƴ ŀ ŘƛŦŦŜǊŜƴǘ ŦƻǊƳŀǘΣ ȅƻǳΩƭƭ ƘŀǾŜ ǘƻ 

do it by the command line interface. 

 

¶ Next, hit the Molecule Display tab and start to play around with the buttons here as well 

 
 

o bƻǘŜ ǘƘŀǘ ƴǳŎƭŜƻǘƛŘŜ ǊŜƭŀǘŜŘ ŦǳƴŎǘƛƻƴǎ ǿƻƴΩǘ ǿƻǊƪ ƘŜǊŜΣ ŀǎ ǘƘŜǊŜ ŀǊŜ ƴƻ ƴǳŎƭŜƻǘƛŘŜǎ ƛƴ 

the structure of 1stp 

o Also note that hitting the Sequence button brings up a new window pane on the right. 

o LŦ ȅƻǳ ƪŜŜǇ ƳŀǎƘƛƴƎ ǘƘƻǎŜ ōǳǘǘƻƴǎΣ ȅƻǳΩƭƭ ŜƴŘ ǳǇ ǿƛǘƘ ǎƻƳŜ ǇǊŜǘǘȅ ŀōǎǘǊŀŎǘ ƭƻƻƪƛƴƎ ŀǊǘΣ 

maybe even something like this: 

 

¶ ²ƘƛƭŜ ǘƘƛǎ Ƴŀȅ ōŜ άŀǊǘέ ǘƻ ǎƻƳŜ ǇŜƻǇƭŜΣ ȅƻǳΩǾŜ ǇǊƻōŀōƭȅ ƎƻǘǘŜƴ ǘƻ ŀ ƳƛǎƘƳŀǎƘ ǘƘŀǘ ƛǎƴΩǘ ǘƻƻ 

helpful.  

¶ To return us to the initial pre-set, use the following menu selections: 

o Presets Ҧ Original Look 

Note:   From here on, I will always indicate drop-down menu selections using the same bold purple 
ǘŜȄǘ ŀǎ ŀōƻǾŜΣ ǿƛǘƘ ǘƘŜ άҦέ indicating the next subsequent selection  

Sequence Pane 

Art? 



¶ Continue to play around with the different Presets that are available. 

o Also experiment with combining different presets with different buttons found on the 

άIƻƳŜέ ŀƴŘ άaƻƭŜŎǳƭŜ 5ƛǎǇƭŀȅέ ǘŀōǎ ŀǎ ōŜŦƻǊŜ 

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 

¶ Restart the ChimeraX program and load the 1stp protein as before 

o ¸ƻǳΩƭƭ ƴƻǘŜ ǘƘŀǘ ȅƻǳ Ŏŀƴ ŀƭǎƻ Ŏŀƭƭ ǘƘŜ ǇǊƻǘŜƛƴ ŦǊƻƳ ǘƘŜ ǎǘŀǊǘ ǳǇ ǎŎǊŜŜƴΦ  /ƘƛƳŜǊŀ· ƪŜŜǇǎ ŀ 

ƭƛǎǘ ƻŦ ǘƘŜ Ƴƻǎǘ ǊŜŎŜƴǘ ǇǊƻǘŜƛƴǎ ȅƻǳΩǾŜ ǿƻǊƪŜŘ ǿƛǘƘΣ ŀƴŘ ȅƻǳ Ŏŀƴ ǉǳƛŎƪƭȅ ǊŜ-load them 

this way. 

¶ [ŜǘΩǎ ǎǘŀǊǘ ŎƘŀƴƎƛƴƎ ǎƻƳŜ ŎƻƭƻǊǎ ƘŜǊŜΦ  CƛǊǎǘΣ ǿŜ ǿŀƴǘ ǘƻ ǊŜƳƻǾŜ ŀƭƭ ƻŦ ǘƘŜ ǎƳŀƭƭ ƳƻƭŜŎǳƭŜǎ ŀƴŘ 

ƭŜŀǾŜ ƻƴƭȅ ǘƘŜ ǇǊƻǘŜƛƴΦ  ¸ƻǳ Ŏŀƴ Řƻ ǘƘƛǎ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ άIƛŘŜέ ŀǘƻƳǎ ƛƴ ǘƘŜ άIƻƳŜέ ǘŀōΦ   

o You can also accomplish the same in the command line by typing: 

Á $ hide atoms 

o Now that you have just the protein ribbon, note the small tan-colored box sitting in the 

Model pane 

 
o 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 box will change to match what you have 

selected 

¶ [ŜǘΩǎ ŀƭǎƻ ŎƘŀƴƎŜ ŎƻƭƻǊǎ ōȅ ǘƘŜ ŎƻƳƳŀƴŘ ƭƛƴŜΦ  ¸ƻǳ Ŏŀƴ ƎŜǘ ǘƘŜ Ŧǳƭƭ ƭƛǎǘ ƻŦ ŎƻƭƻǊǎ ǘƻ ŀǇǇŜŀǊ ƛƴ ǘƘŜ 

Log pane by typing the following: 

o $ color list 

¶ Each color is next to the name required in the command line.  For example, we see the color 

άƭƛƎƘǘǎƪȅōƭǳŜΦέ  ¸ƻǳ Ŏŀƴ ŎƘŀƴƎŜ ǘƻ ǘƘƛǎ ŎƻƭƻǊ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

o $ color lightskyblue 

¶ [ŜǘΩǎ ǊŜǘǳǊƴ ǘƻ ǘƘŜ ƻǊƛƎƛƴŀƭ ŎƻƭƻǊƛƴƎ ǎŎƘŜƳŜΦ  5ƻ ǘƘƛǎ ǳǎƛƴƎ ǘƘŜ ƳŜƴǳ ŀƎŀƛƴΥ 

o Presets Ҧ Original Look 

¶ Now, select the color red, either by choosing it from the box in the Models pane or using the 

line command: 

o $ color red 

¶ ¸ƻǳΩƭƭ ƴƻǘŜ ǘƘŀǘ ǿƘŜƴ ȅƻǳ ŎƘŀƴƎŜ ŎƻƭƻǊ ǘƘƛǎ ǿŀȅΣ ŜǾŜǊȅǘƘƛƴƎ ǘǳǊƴǎ ǘƘŜ ŎƻƭƻǊ ȅƻǳ ǎŜƭŜŎǘŜŘτ

protein, ligands, everything!  Now we need to select individual parts so we can tell the program 

to only color what we select. 

 

¶ Return again to the original coloring scheme.   

o Presets Ҧ Original Look 

¶ [ŜǘΩǎ ǎǘŀǊǘ ōȅ ǎŜƭŜŎǘƛƴƎ ǘƘŜ ǎǳƭŦǳǊ ŀǘƻƳ ƻŦ ǘƘŜ ƭƛƎŀƴŘΣ ǿƘƛŎƘ ǿƛƭƭ ŀǇǇŜŀǊ ȅŜƭƭƻǿΦ  LŦ ȅƻǳ ƘƻǾŜǊ ȅƻǳǊ 

mouse over the atom for a second, a small dialog box will appear that says something like this: 

o /A BTN 300 S1 



Á This means chain A, molecule code BTN, atom code #300, sulfur #1 

o Hold CTL (control) and left click to select the sulfur atom.  If you did this correctly, it 

should be outlined in green. 

o ¸ƻǳ Ŏŀƴ ŜȄǇŀƴŘ ȅƻǳǊ ǎŜƭŜŎǘƛƻƴ ōȅ ƘƛǘǘƛƴƎ ǘƘŜ άǳǇέ ŀǊǊƻǿ ƻƴ ǘƘŜ ƪŜȅōƻŀǊŘΦ  ¢Ƙƛǎ ǎƘƻǳƭŘ 

highlight the entire ligand. 

 

¶ bƻǿΣ ƭŜǘΩǎ ŎƘŀƴƎŜ Ƨǳǎǘ ǘƘŜ ƭƛƎŀƴŘ ƎǊŜŜƴΦ  ¢ƘŜ ƻƴƭȅ ǿŀȅ ǘƻ ŎƘŀƴƎŜ ŀ ǎŜƭŜŎǘƛƻƴ ƛǎ ǳǎƛƴƎ ǘƘŜ 

command line: 

o $ color sel green 

Á ¢ƘŜ ǿƻǊŘ άǎŜƭέ ƛǎ ǎƘƻǊǘ ŦƻǊ άǎŜƭŜŎǘƛƻƴΦέ  ¸ƻǳ ŀǊŜ ǘŜƭƭƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳ ǘƻ ŎƘŀƴƎŜ 

ǿƘŀǘ ȅƻǳΩǾŜ Ǝƻǘ ƘƛƎƘƭƛƎƘǘŜŘ ǘƻ ǘƘŜ ŎƻƭƻǊ ƎǊŜŜƴ 

¶ bƻǿ ǘƘŀǘ ǘƘŜ ƭƛƎŀƴŘ ƛǎ ƻƴƭȅ ƎǊŜŜƴΣ ƛǘΩǎ ŘƛŦŦƛŎǳƭǘ ǘƻ ǎŜŜ ǘƘŜ ƴƻƴ-carbon atoms.  You can add 

standard heteroatom coloring by next typing the following: 

o $ color sel byhet 

Á bƻǘŜ ǘƘŀǘ ƘƛǘǘƛƴƎ ǘƘŜ άIŜǘŜǊƻŀǘƻƳέ ōǳǘǘƻƴ ƻƴ ǘƘŜ άaƻƭŜŎǳƭŜ 5ƛǎǇƭŀȅέ ǘŀō ǿƛƭƭ 

also do the same thing. 

¶ To deselect your current selection, you need to CTL + left-click in a blank space, or type: 

o $ sel clear 

 

 

 

 

 

 

¶ ¸ƻǳΩƭƭ ƴƻǘƛŎŜ ƭƛǘǘƭŜ ŦƭƻŀǘƛƴƎ ǊŜŘ Řƻǘǎ ƴŜŀǊ ǘƘŜ ƭƛƎŀƴŘΦ  ¢ƘƻǎŜ ŀǊŜ ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ǘƘŀǘ ŀǊŜ ƴŜŀǊ ǘƘŜ 

ligand, and ChimeraX will display these by default.  To see all of the water molecules in the 

crystal, type the following command: 

o $ show solvent 



¶ !ƭƭ ǘƘŜǎŜ ǿŀǘŜǊ ƳƻƭŜŎǳƭŜǎ ŘƻƴΩǘ ǳǎǳŀƭƭȅ ƳŀǘǘŜǊ όǳƴƭŜǎǎ ŀ ǿŀǘŜǊ ƳƻƭŜŎǳƭŜ ƛǎ ǎǇŜŎƛŦƛŎŀƭƭȅ ǊŜǉǳƛǊŜŘ 

in the mechanism).  We can remove all of the water molecules with the command: 

o $ delete solvent 

Note:   Although ChimeraX has an ά¦ƴŘƻέ ōǳǘǘƻƴΣ ŘŜƭŜǘƛƴƎ ǘƘƛƴƎǎ ƛǎ ŀƭǿŀȅǎ ǇŜǊƳŀƴŜƴǘ ŀƴŘ Ŏŀƴƴƻǘ ōŜ 
ǳƴŘƻƴŜΦ  ¦ǎŜ ǘƘŜ άŘŜƭŜǘŜέ ŎƻƳƳŀƴŘ ŎŀǊŜŦǳƭƭȅΗ  ¢ƘŜ άƘƛŘŜέ ŎƻƳƳŀƴŘ Ŏŀƴ ƻŦǘŜƴ ōŜ ǳǎŜŘ ƛƴǎǘŜŀŘΦ 

 

¶ {ƛƴŎŜ ǿŜ ƘŀǾŜ ƳŀŘŜ ŀ ƭƻǘ ƻŦ ŎƘŀƴƎŜǎΣ ƭŜǘΩǎ ǎŀǾŜ ƻǳǊ ǇǊƻƎǊŜǎǎ ǎƻ ŦŀǊΦ  ¸ƻǳ Ŏŀƴ ǎŀǾŜ ȅƻǳǊ ǎŜǎǎƛƻƴ 

using the File Ҧ Save command.  This will save your session as a .csx file.  Name it something 

ƭƛƪŜ άмǎǘǇ ǇŀǊǘмέ 

¶ bŜȄǘΣ ƭŜǘΩǎ ǎŀȅ ǿŜ ǿŀƴǘ ǘƻ ǎŜƭŜŎǘ ŀƴŘ ŎƻƭƻǊ ŀ ƴŜŀǊōȅ ǊŜǎƛŘǳŜΦ  ¸ƻǳΩƭƭ ƴƻǘƛŎŜ ŀ ǘǊȅǇǘƻǇƘŀƴ ǊŜǎƛŘǳŜ 

ŀǘ ǘƘŜ άōƻǘǘƻƳέ ƻŦ ǘƘŜ ǎǘǊǳŎǘǳǊŜΣ άǎƻǳǘƘέ ƻŦ ǘƘŜ ǎǳƭŦǳǊ ŀǘƻƳΦ  [ŜǘΩǎ ǘǳǊƴ ǘƘƛǎ Ǝǳȅ ǎƛƭǾŜǊΦ  ¢ƘŜǊŜ ŀǊŜ 

several ways to do this: 

o You can CTL + left-ŎƭƛŎƪ ƻƴŜ ŀǘƻƳ ƻƴ ǘƘŜ ǊŜǎƛŘǳŜΣ ǘƘŜƴ Ƙƛǘ ǘƘŜ άǳǇέ ŀǊǊƻǿ ǳƴǘƛƭ ǘƘŜ ŜƴǘƛǊŜ 

residue is selected 

o LŦ ȅƻǳ ƘƻǾŜǊ ƻǾŜǊ ǘƘŜ ƳƻǳǎŜ ƻǾŜǊ ǘƘŜ ǊŜǎƛŘǳŜΣ ȅƻǳΩƭƭ ǎŜŜ ŀ ǇƻǇ-up up that says the 

ǊŜǎƛŘǳŜ ƛǎ ά!κ ¢wt млу /5нέ ǿƘƛŎƘ ǘŜƭƭǎ ǳǎ ǘƘŀǘ ǘƘƛǎ ƛǎ ǊŜǎƛŘǳŜ Імлу ƛƴ ǘƘŜ ǇǊƻǘŜƛƴΦ  ¸ƻǳ 

can select by residue using the command: 

Á $ sel :108 

¶ ¢ƘŜ άΥέ ƛƴ ǘƘŜ ŎƻƳƳŀƴŘ ƘŜǊŜ ƳŜŀƴǎ άǊŜǎƛŘǳŜ ƻǊ ŀǘƻƳέ 

¶ hƴŎŜ ȅƻǳΩǾŜ ǎŜƭŜŎǘŜŘ Ƨǳǎǘ ǘƘƛǎ ǘǊȅǇǘƻǇƘŀƴΣ color it silver and then add the heteroatom using the 

following commands: 

o $ color sel silver 

o $ color sel byhetero 

 

 

 

 



Processing a Protein Part 2:  How to Show, Hide & use Labels 

¶ Restart the program and load the starting 1stp PDB file to reset everything 

¶ Pay special attention to the initial output in the Log pane: 

 

¶ There are a few important things to take note of here: 

o ¢ƘŜǊŜ ƛǎ ƻƴƭȅ ƻƴŜ ŎƘŀƛƴΣ ŎŀƭƭŜŘ ά!έ ōȅ ŘŜŦŀǳƭǘ 

o ¢ƘŜ ƭƛƎŀƴŘ ƛǎ ƛƴ ǘƘŜ άbƻƴ-ǎǘŀƴŘŀǊŘέ ǊŜǎƛŘǳŜǎΣ ŀƴŘ Ƙŀǎ ǘƘŜ ƛŘŜƴǘƛŦƛŜǊ .¢b 

Á Note that this BTN identifier is also on the PDB web page! 

¶ First, remove the water molecules with the command: 

o $ delete solvent 

¶ bŜȄǘΣ ƭŜǘΩǎ ŀŘŘ ƭŀōŜƭǎ ǘƻ ǘƘŜ ƭƛƎŀƴŘ ŀƴŘ ǘƘŜ ǊŜǎƛŘǳŜǎ ǿƘƛŎƘ ŀǊŜ ǎƘƻǿƴΦ  ¦ǎŜ ǘƘŜ ŎƻƳƳŀƴŘΥ 

o $ label @@display 

¶ This should cause labels to pop up in the default color.  You can make changes to the labels such 

as: 

o $ label height 1.0 

Á tǳǘǘƛƴƎ ŘƛŦŦŜǊŜƴǘ ƴǳƳōŜǊǎ ƛƴ ǘƘŜ άмΦлέ ŎƘŀƴƎŜǎ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘŜ Ŧƻƴǘ 

o $ label color red 

Á Makes the label font the input color (red here). 

¶ ¸ƻǳΩƭƭ ƴƻǘŜ ǘƘŀǘ ǘƘŜ ƭƛƎŀƴŘ ƛǎ ƳŀǊƪŜŘ ά.¢b оллΦέ  ¢Ƙƛǎ ƛǎ ƴƻǘ ŀ ǳǎŜŦǳƭ ƭŀōŜƭΣ ǎƛƴŎŜ ƛǘΩǎ ƴƻǘ ŀ 

residue.  You can remove this label using the command: 

o $ label delete :BTN 

Á bƻǘŜ ȅƻǳ Ŏŀƴ ǳǎŜ ǘƘŜ ǿƻǊŘ άƭƛƎŀƴŘέ ƛƴǎǘŜŀŘ ƻŦ άΥ.¢bέ here 

¶ If you make a mistake or you want to remove all labels, just use: 

o $ label delete 



Processing a Protein Part 3:  Finding H-Bond Contacts 

¶ Restart the program and load the starting 1stp PDB file to reset everything.  Again, the easiest 

way is usually to do it by line command: 

o $ open 1stp 

¶ Remove the water molecules again with: 

o $ delete solvent 

¶ CƛǊǎǘΣ ƭŜǘΩǎ ŦƛƴŘ ǘƘŜ I-ōƻƴŘǎ ƛƴ ǘƘŜ ǎǘǊǳŎǘǳǊŜΦ  ¸ƻǳ Ŏŀƴ Řƻ ǘƘƛǎ ōȅ ŜƛǘƘŜǊ ƘƛǘǘƛƴƎ ǘƘŜ άI-ōƻƴŘǎέ 

ōǳǘǘƻƴ ƻƴ ǘƘŜ άaƻƭŜŎǳƭŜ 5ƛǎǇƭŀȅέ ǘŀōΣ ƻǊ ȅƻǳ Ŏŀƴ ǘȅǇŜ ǘƘŜ ŎƻƳƳŀƴŘΥ 

o $ hbonds 

¶ ¸ƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ ǘƘƛǎ ǿƛƭƭ ǎƘƻǿ ŀƭƭ ŜǎǘƛƳŀǘŜd H-bonds in the protein structure 

Note:   The H-ōƻƴŘǎ ǘƘŀǘ /ƘƛƳŜǊŀ· ǎƘƻǿǎ ŀǊŜ ŜǎǘƛƳŀǘŜǎ ōŀǎŜŘ ƻƴ ŀƴ ƛƴǘŜǊƴŀƭ ŀƭƎƻǊƛǘƘƳΦ  ²Ŝ ŘƻƴΩǘ 
know for sure if these are correct without additional data.  Still, the algorithm that ChimeraX has a 
good history of predictƛƴƎ ǘƘŜǎŜ ƛƴǘŜǊŀŎǘƛƻƴǎΣ ǎƻ ƛǘΩǎ ŎƻƴǎƛŘŜǊŜŘ ŀ ǊŜŀǎƻƴŀōƭŜ ŀǇǇǊƻȄƛƳŀǘƛƻƴΦ  
wŜƳŜƳōŜǊΣ ƘƻǿŜǾŜǊΣ ǘƘŀǘ ǿŜ ŘƻƴΩǘ ƪƴƻǿ ŀƴȅǘƘƛƴƎ ŦƻǊ ǎǳǊŜ ǿƛǘƘƻǳǘ ŜȄǇŜǊƛƳŜƴǘŀƭ ǾŀƭƛŘŀǘƛƻƴ. 

 

¶ {ƛƴŎŜ ǿŜΩǊŜ ƻƴƭȅ ƛƴǘŜǊŜǎǘŜŘ ƛƴ ǘƘŜ I-ōƻƴŘǎ ƛƴ ǘƘŜ ƳƻƭŜŎǳƭŜΣ ƭŜǘΩǎ ǊŜƳƻǾŜ ǘƘŜ ŎǳǊǊŜƴǘ I-bonds by 

ŜƛǘƘŜǊ ƘƛǘǘƛƴƎ ǘƘŜ άIƛŘŜ I-ōƻƴŘǎέ ōǳǘǘƻƴ ƛƴ ǘƘŜ άaƻƭŜŎǳƭŜ 5ƛǎǇƭŀȅέ ǘŀōΣ ƻǊ ǳǎŜ ǘƘŜ ŎƻƳƳŀƴŘΥ 

o $ hide hbonds 

Á Note that you can also use the following command to hide things: 

¶ $ ~hbonds 

¶ To only find contacts between the ligand and nearby residues, choose one of the following 

options: 

o Select the ligand using CTL+left-ŎƭƛŎƪΣ ǇǊŜǎǎƛƴƎ άǳǇέ ƻƴ ǘƘŜ ƪŜȅōƻŀǊŘ ǘƻ ƘƛƎƘƭƛƎƘǘ ǘƘŜ Ŧǳƭƭ 

ƭƛƎŀƴŘ ǎǘǊǳŎǘǳǊŜΣ ǘƘŜƴ Ƙƛǘ ǘƘŜ άI-ōƻƴŘǎέ ōǳǘǘƻƴ ƻƴ ǘƘŜ άaƻƭŜŎǳƭŜ 5ƛǎǇƭŀȅέ ǘŀō 

o Use the command 

Á $ hbonds :BTN  

o Use the command 

Á $ hbonds ligand 

¶ ¢ƻ ōŜǘǘŜǊ ƪŜŜǇ ǘǊŀŎƪ ƻŦ ǿƘŀǘΩǎ ƎƻƛƴƎ ƻƴ ƘŜǊŜΣ ƭŜǘΩǎ ŀŘŘ ǎƻƳŜ ƭŀōŜƭǎ ǿƛǘƘΥ 

o $ label @@display 

¶ We can make a few other changes to the H-bonds.  Try these: 

o $ color hbonds magenta 

Á Should turn all of the H-bonds magenta.  You can see the list of colors with: 

¶ $ color list 

o $ hbonds :BTN showdist true 

Á Should remake the H-bonds in the default color, but also have the distances 

marked in Angstroms 

o $ hbonds :BTN showdist true color magenta 

Á This will combine the above commands. 

¶ CƻǊ ƴƻǿΣ ƭŜǘΩǎ Ƨǳǎǘ ǳǎŜ ǘƘŜ ŘŜŦŀǳƭǘ ŎƻƭƻǊƛƴƎΣ ōŜǎǘ ŀŎƘƛŜǾŜŘ ǿƛǘƘ ǘƘŜ ŎƻƳƳŀƴŘΥ 

o $ hbonds :BTN 

¶ {ƛƴŎŜ ǿŜΩǾŜ ŘƻƴŜ ŀ ƭƻǘ ƻŦ ǿƻǊƪ ƘŜǊŜΣ ƭŜǘΩǎ ǎŀǾŜ ƻǳǊ ǎŜǎǎƛƻƴ ǳǎƛƴƎ ǘƘŜ File Ҧ Save command, 

naming the file H-bonds. 



 

¶ ¸ƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ ǘƘŜǊŜ ƛǎ ŀƴ I-bond that appears to contact the ribbon backbone near Asn49.  

²Ŝ ƴŜŜŘ ǘƻ ƪƴƻǿ ǿƘŜǘƘŜǊ ƻǊ ƴƻǘ ǿŜΩǊŜ ƳŀƪƛƴƎ ŎƻƴǘŀŎǘ ǿƛǘh the backbone N or O in the amide.  

To do this, we need to show this part of a protein in stick form.  There are a couple of ways to do 

this: 

o Select an atom in Asn49, then hit the up arrow until the entire residue is selected.  You 

Ŏŀƴ ǘƘŜƴ Ƙƛǘ ǘƘŜ άIƛŘŜ /ŀǊǘƻƻƴέ ōǳǘǘƻƴ ƛƴ ǘƘŜ άIƻƳŜέ ǘŀō ǘƻ ƘƛŘŜ ǘƘŀǘ ǇŀǊǘ ƻŦ ǘƘŜ 

ribbon, leaving the backbone exposed. 

o You can use the command: 

Á $ hide :49 cartoon 

 

¶ You can see that the ligand is forming an H-bond to the N atom.  This information will be useful 

when we make a 2D pharmacophore later.  For now, you can leave it looking like this, or you can 

ǎƘƻǿ ǘƘŜ ŎŀǊǘƻƻƴ ŀƎŀƛƴΣ ŜƛǘƘŜǊ ōȅ ŎƭƛŎƪƛƴƎ ǘƘŜ ά{Ƙƻǿ /ŀǊǘƻƻƴέ ƛƴ ǘƘŜ άIƻƳŜέ ǘŀōΣ ƻǊ ǳǎƛƴƎ ǘƘŜ 

command: 

o $ show :49 cartoon 

 

 

 

 

 

 

 

 



Processing a Protein Part 4:  Finding Non-Polar (vdW) Contacts 

¶ hǇŜƴ ǘƘŜ άI-.ƻƴŘέ ǎŜǎǎƛƻƴ ǘƘŀǘ ȅƻǳ ǎŀǾŜŘ ŜŀǊƭƛŜǊΦ  ²Ŝ ǿŀƴǘ ǘƘŜ ǇǊƻǘŜƛƴ ǘƻ ƘŀǾŜ ƭŀōŜƭǎ ŀƴŘ I-

bonds shown. 

Note:   ¢ƘŜǊŜ ŀǊŜ ǎƻƳŜ ŎƻƳƳŀƴŘǎ ǿŜ ǿƛƭƭ ǳǎŜ ƘŜǊŜ ǘƘŀǘ ŎŀƴΩǘ ōŜ ŦƛȄŜŘ ǿƛǘƘ ǘƘŜ ά¦ƴŘƻέ ŎƻƳƳŀƴŘΦ  
LǘΩǎ ōŜǎǘ ǘƻ ƘŀǾŜ ŀ ǎŀǾŜŘ session ready to go so you can reload if you get stuck! 

¶ Unfortunately, there is no easy way for ChimeraX to determine a non-ǇƻƭŀǊ ƛƴǘŜǊŀŎǘƛƻƴΣ ǎƻ ǿŜΩƭƭ 

have to do it manually.  Most vdW interactions range from 2-4 Å, depending on the size of the 

ŀǘƻƳǎ ƛƴǾƻƭǾŜŘΦ  {ƻΣ ŦƛǊǎǘ ƭŜǘΩǎ ŘƛǎǇƭŀȅ ŜǾŜǊȅ ŎƻƴƴŜŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ƭƛƎŀƴŘ ŀƴŘ ǘƘŜ ǇǊƻǘŜƛƴ ŀǘ ŀ 

distance of 3.8 Å using the command: 

o $ contacts /A@C* restrict :BTN@C* distance 3.8 reveal true name vdW 

Á The 3.8 Å number is arbitrary here, and you can change it.  However, 3.8 Å 

should give you all reasonable interactions (though there could be more). 

Á You can repeat the command with different numbers (instead of 3.8) to see 

what happens if you want.  Try adding a bigger number iŦ ȅƻǳ ŘƻƴΩǘ ƎŜǘ ŀƴȅ 

results using 3.8.  Numbers like 4.0 or 4.2 are also reasonable. 

Á ¢ƘŜ ά/ϝέ ƳŜŀƴǎ άŀƭƭ ŎŀǊōƻƴ ŀǘƻƳǎΦέ  {ƻΣ ǘƘŜ ǘǊŀƴǎƭŀǘƛƻƴ ƻŦ ǘƘŜ ŎƻƳƳŀƴŘ ƛǎ 

ǎƻƳŜǘƘƛƴƎ ƭƛƪŜ άǎƘƻǿ ŀƭƭ ŎƻƴǘŀŎǘǎ ōŜǘǿŜŜƴ ŎŀǊōƻƴǎ ƻƴ ŎƘŀƛƴ A (/A@C*) and 

ligand BTN carbons (:BTNϪ/ϝύ ŀǘ ŀ ŘƛǎǘŀƴŎŜ ƻŦ оΦу !ƴƎǎǘǊƻƳǎΦέ 

 

¶ 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 in the Models 

pane on the vdW line (which is what we named these contacts).  Be sure that the arrow 

next to the 1stp is clicked to show the list of all associated objects 



 

o LŦ ȅƻǳ ŘƻƴΩǘ ƘŀǾŜ ŀ Models pane open, you can bring it up using Tools Ҧ General Ҧ 

Model Panel 

¶ [ŀǎǘƭȅΣ ȅƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ !ǎƴпф ŀƴŘ ¢ƘǊфл ŀǊŜ ǎƘƻǿƴΣ ōǳǘ ǘƘŜȅ ŀǊŜƴΩǘ ƳŀƪƛƴƎ ŀƴȅ ŎƻƴǘŀŎǘǎΦ  [ŜǘΩǎ 

hide them to clean up the picture with the following commands: 

o $ hide :90 :49 

¶ ²Ŝ Ŏŀƴ ǊŜƳƻǾŜ ǘƘŜ ƭŜŦǘƻǾŜǊ ƭŀōŜƭǎ ǿŜ ŘƻƴΩǘ ǿŀƴǘ ǿƛǘƘΥ 

o $ label delete :90 :49 :BTN 

¶ {ŀǾŜ ǘƘƛǎ ǎŜǎǎƛƻƴ ŀǎ ά[ƛƎŀƴŘ /ƻƴǘŀŎǘǎέ ŦƻǊ ŦǳǘǳǊŜ ǊŜŦŜǊŜƴŎŜΦ 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Processing a Protein Part 5: Using the Sequence Pane 

¶ Open a fresh 1stp file as before 

¶ Bring up the Sequence ǇŀƴŜ ōȅ ǇǊŜǎǎƛƴƎ ǘƘŜ ά{ŜǉǳŜƴŎŜέ ōǳǘǘƻƴ ƻƴ ǘƘŜ άaƻƭŜŎǳƭŜ 5ƛǎǇƭŀȅέ ǘŀōΦ 

 

¶ Some important things to note: 

o ¢ƘŜ ŦƛǊǎǘ ŎƘŀƛƴ ƛǎ ƭŀōƭŜŘ ά!έ ōȅ ŘŜŦŀǳƭǘΦ  {ƛƴŎŜ ǘƘŜǊŜ ƛǎ ƻƴƭȅ ƻƴŜ ŎƘŀƛƴ ŦƻǊ ǘƘƛǎ ǇǊƻǘŜƛƴΣ ȅƻǳ 

only see chain A. 

o The yellow regions correspond to h-helixes 

o The blue regions correspond to ̡-pleated sheets 

o The white regions correspond to sections with no secondary structure 

o The white regions with a black box around them correspond to disordered sections 

which were not determined by X-Ǌŀȅ όȅƻǳ ŎŀƴΩǘ ǎŜŜ ǘƘŜƳΗύ 

¶ [ŜǘΩǎ ǘǳǊƴ ǘƘŜ -hhelixes red.  Double-left-click on one of the yellow regions to select them.  Then 

enter the command 

o $ color sel red 

¶ bŜȄǘΣ ƭŜǘΩǎ ǎŜƭŜŎǘ ǘƘŜ ǎŜŎƻƴŘ -̡sheet, starting on residue 28.  Highlight this sequence by holding-

left-click and dragging over the TFIVTA sequence.  Then, color it blue with: 

o $ color sel blue 

¶ You can use the Sequence pane to easily highlight sections of a chain, or find specific 

sections/residues. 

 

 

 

 

 

 



Processing a Protein Part 6: Working with Surfaces 

¶ Open a fresh 1stp file as before 

¶ Get rid of all stick atoms one of the following ways: 

o /ƭƛŎƪ ǘƘŜ άIƛŘŜέ ŀǘƻƳǎ ōǳǘǘƻƴ ƻƴ ǘƘe Home or Molecule Display tab 

o Type the command: 

Á $ hide atoms 

¶ [ŜǘΩǎ ƴƻǿ ƭƻƻƪ ŀǘ ǘƘŜ ǇƻƭŀǊƛǘȅ ƻŦ ǘƘŜ ǇǊƻǘŜƛƴ ǎǳǊŦŀŎŜΦ  ¸ƻǳ Ŏŀƴ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ƳƻƭŜŎǳƭŀǊ 

lipophilicity potential surface one of the following ways: 

o /ƭƛŎƪ ǘƘŜ άIȅŘǊƻǇƘƻōƛŎέ ōǳǘǘƻƴ ƻƴ ǘƘŜ coloring section of the Molecule Display tab or 

instead you can type the command: 

Á $ mlp 

¶ You will get the protein surface mapped by lipophilicity, with dark cyan being the most 

hydrophilic and goldenrod being the most lipophilic surface (with white being in between). 

o An easy way to remember is that the oily spots are the color of cooking oil! 

¶ [ŜǘΩǎ ǎŜŜ ǿƘŜǊŜ ƻǳǊ ƭƛƎŀƴŘ ǎƛǘǎ ƻƴ ǘƘŜ ǎǳǊŦŀŎŜΦ  ¸ƻǳ Ŏŀƴ ǎƘƻǿ ǘƘŜ ƭƛƎŀƴŘ ǳǎƛƴƎ ǘƘŜ ŎƻƳƳŀƴŘΥ 

o $ show ligand 

Á ¸ƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŜ ŀƭƛǇhatic chain of the ligand fits into a greasy region! 

¶ {ƛƴŎŜ ƻǳǊ ǎǳǊŦŀŎŜ ƛǎ ǎƻƭƛŘΣ ǿŜ ŎŀƴΩǘ ǎŜŜ ǘƘŜ ǊŜǎƛŘǳŜǎ ƻǊ ǇǊƻǘŜƛƴ ǎǘǊǳŎǘǳǊŜ ǳƴŘŜǊƴŜŀǘƘΦ  ¸ƻǳ Ŏŀƴ 

display both by adding transparency with the following command: 

o $ trans 50 

Á ¢ƘŜ άрлέ ƘŜǊŜ ƛǎ ŀ ǇŜǊŎŜƴǘΦ  CŜŜl free to put in different numbers and see what 

you like. 

¶ Try the following commands to play with your surface and see what happens: 

o $ surface hide 

o $ surface color silver 

o $ surface style mesh 

o $ surface style dot 

o $ surface style solid 

o $ surface ligand @<5 visible 1 

o $ mlp 

o $ surface ligand @<5 visible 1 

¶ Remember you can always revert to the original style with Presets Ҧ Original Look 

¶ Note that the b-factor button (next to the hydrophobic button) is for the DebyeςWaller factor.  

In terms of proteins, this ǳǎǳŀƭƭȅ ƳŜŀƴǎ Ƙƻǿ άŦƭƻǇǇȅέ ƻǊ άŘƛǎƻǊŘŜǊŜŘέ ǘƘŀǘ ǇŀǊǘ ƻŦ ǘƘŜ ǇǊƻǘŜƛƴ ƛǎΦ 

o The default blue color means highly ordered/rigid, while the red color means 

disordered/floppy. 

o ¢Ƙƛǎ ŎƻƭƻǊ ǎŎƘŜƳŜ ƛǎƴΩǘ ǇŀǊǘƛŎǳƭŀǊƭȅ ǳǎŜŦǳƭ ŦƻǊ ƻǳǊ ǇǳǊǇƻǎŜǎΣ ōǳǘ ƛǎ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ǘƘƻǎe 

that study protein structure and X-ray crystallography. 

 

 

 



Processing a Protein Part 7: Working with a Metalloprotein 

¶ [ŜǘΩǎ Ǉƭŀȅ Ƨǳǎǘ ŀ ƳƛƴǳǘŜ ǿƛǘƘ ŀ metalloprotein so we can learn how to deal with a metal atom 

¶ Load the protein 3hku with the following command: 

o $ open 3hku 

Á This protein is carbonic anhydrase II with the drug topirmate bound, which is 

used to treat seizures. 

¶ Depending on your ability to see color, it can be difficult to see the ligand versus the residues.  

Using starkly contrasting colors can help identify things more easily, especially for the colorblind 

or partially colorblind.  Try the series of commands below to modify the color scheme and get 

rid of the water molecules: 

o $ color ligand green 

o $ color byhet 

o $ delete solvent 

 

¶ Also note the presence of the zinc metal here, which appears a grey sphere!  Many proteins 

have metals, and they appear as colored spheres in ChimeraX 

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

¶ [ŜǘΩǎ ǘǊȅ ǘƻ Ƴŀƴǳŀƭƭȅ ƭƻƻƪ ŦƻǊ ŀǘƻƳǎ ǘƘŀǘ ŀǊŜ ƛƴǘŜǊŀŎǘƛƴƎ ǿƛǘƘ ǘƘŜ ƳŜǘŀƭΦ  ²Ŝ Řƻ ǘƘƛǎ ōŜŎŀǳǎŜ 

/ƘƛƳŜǊŀ· ŘƻŜǎƴΩǘ ŀƭǿŀȅǎ ǊŜŎƻƎƴƛȊŜ ƭƛƪŜƭȅ ƳŜǘŀƭ-ƭƛƎŀƴŘ ōƻƴŘǎΣ ŀƭǘƘƻǳƎƘ ƛǘΩǎ ǳǎǳŀƭƭȅ ǇǊŜǘǘȅ ƎƻƻŘ 

with metal-protein bonds 

¶ First, lets get rid of the purple metal bonds ChimeraX has marked with the following command: 

o $ hide pseudo 



Á ¢ƘŜ άǇǎŜǳŘƻέ ƛǎ ǎƘƻǊǘ ŦƻǊ ǇǎŜǳŘƻōƻƴŘǎΣ ǿƘƛŎƘ ƛǎ ǿƘŀǘ /ƘƛƳŜǊŀ· Ŏŀƭƭǎ ǘƘŜ ǇǳǊǇƭŜ 

lines. 

¶ bŜȄǘΣ ǿŜΩǊŜ ƎƻƛƴƎ ǘƻ ǳǎŜ ŀ ŦŀƴŎȅ άŎƻƴǘŀŎǘǎέ ŎƻƳƳŀƴŘ ǘƻ ƛŘŜƴǘƛŦȅ ŀƴȅ b ƻǊ h ŀǘƻƳ ǿƛǘƘƛƴ оΦрÅ of 

the zinc atom: 

o $ contacts :ZN restrict #1@N*,O* distance 3.5 reveal true name metalbonds color gold 

Á ¢ƘŜ άІмϪbϝΣhϝέ ƳŜŀƴǎ ŀƴȅ ƴƛǘǊƻƎŜƴ όbϝύ ƻǊ ƻȄȅƎŜƴ ŀǘƻƳ όhϝύ 

Á The 3.5 Å is arbitrary, and you can change it,  Note that 3.5 works well for most 

metal-ligand and metal-protein bonds.  Any number from 3-4 is usually good. 

 

¶ bƻǘŜ ǘƘŀǘ ǿŜ ƘŀǾŜ ŀ ƴŜǿ ōƻƴŘ ǘƻ ǘƘŜ ƻȄȅƎŜƴ ƻŦ ǘƘŜ ƭƛƎŀƴŘ ǘƘŀǘ /ƘƛƳŜǊŀ· ŘƛŘƴΩǘ ƘŀǾŜ ƳŀǊƪŜŘ 

before.  This means the zinc is likely coordinating to this atom, too! 

o The most common ligand groups to coordinate to metals are amines and carbonyls. 

Note:   Metals Ŏŀƴ ŎƻƻǊŘƛƴŀǘŜ ǘƻ ƳŀƴȅΣ Ƴŀƴȅ ŀǘƻƳǎΦ  LǘΩǎ ƴƻǘ ǳƴŎƻƳƳƻƴ ǘƻ ƘŀǾŜ 4-8 interactions.  
While this might sound like it would cause steric crowding, metal atoms are much, much larger than 
carbon atoms and can therefore interact with lots of nearby electronegative atoms. 

 

¶ Check out the 2D pharmacophore at the end of this tutorial for an example of a 2D model with a 

zinc atom in a different protein making multiple contacts to protein residues and a ligand. 

 

 

 

 



Processing a Protein Part 8: Deleting Extra Chains and Cofactors 

 LǘΩǎ ǇǊŜǘǘȅ ŎƻƳƳƻƴ ŦƻǊ ǇǊƻǘŜƛƴǎ ǘƻ ōŜ ŎǊȅǎǘŀƭƭƛȊŜŘ ŀǎ ŘƛƳŜǊǎΣ ǘǊƛƳŜǊǎΣ ƻǊ ƭŀǊƎŜǊ άƳŜǊǎΦέ  ¢ƘŜȅ ŀǊŜ 

also often crystallized with salts, additives, and co-factors.  Most of these molecules just add to the 

clutter and can be removed to help focus on the ligand/drug of interest. 

¶ [ŜǘΩǎ ǇǊŀŎǘƛŎŜ ǿƛǘƘ ŀ ǇǊƻǘŜƛƴ ŎǊȅǎǘŀƭ ǎǘǊǳŎǘǳǊŜ ǘŜǘǊŀƳŜǊΦ  [ƻŀŘ ǘƘŜ мƘǿƭ ǇǊƻǘŜƛƴ ǎǘǊǳŎǘǳǊŜ ǿƛǘƘ ǘƘŜ 

following command: 

o $ open 1hw9 

Á This is the crystal structure of HMG CoA Reductase bound with the drug 

simvastatin, a drug designed to prevent cardiovascular disease. 

¶ The log pane shows up that there are four chains and two ligands present 

 

¶ ¢ƘŜǊŜ ŀǊŜ п ŎƘŀƛƴǎ ƘŜǊŜΣ ƴŀƳŜŘ !Σ .Σ / ŀƴŘ 5Φ  LŦ ȅƻǳ ǊƻǘŀǘŜ ǘƘŜ ǎǘǊǳŎǘǳǊŜΣ ȅƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ ƛǘΩǎ 

symmetrical and all 4 chains are the same. 

o It is pƻǎǎƛōƭŜ ǘƻ ƘŀǾŜ ŀ ǎǘǊǳŎǘǳǊŜ ǿƛǘƘ ŘƛŦŦŜǊŜƴǘ ŎƘŀƛƴǎΣ ōǳǘ ƛǘΩǎ ŦŀǊ ƳƻǊŜ ŎƻƳƳƻƴ ǘƻ ƘŀǾŜ 

ǘƘŜƳ ōŜ ŘǳǇƭƛŎŀǘŜǎΦ  LǘΩǎ ƎŜƴŜǊŀƭƭȅ ǇǊŜǘǘȅ Ŝŀǎȅ ǘƻ ǎŜŜ ǘƘŜ ǎȅƳƳŜǘǊȅΣ ŀǎ ŘƛŦŦŜǊŜƴǘ ŎƘŀƛƴǎ 

have very different structures. 

¶ [ŜǘΩǎ ƎŜǘ ǊƛŘ ƻŦ ǘƘŜ ƻǘƘŜǊ ŎƘŀƛƴǎ with the following command: 

o $ delete /b-d 

Á IŜǊŜΩǎ ǿŜΩǊŜ ǘŜƭƭƛƴƎ ƛǘ ǘƻ ŘŜƭŜǘŜ ŎƘŀƛƴǎ ō ǘƘǊƻǳƎƘ ŘΦ 

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

 

¶ ¸ƻǳΩƭƭ ƴƻǘŜ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ н ǎƳŀƭƭ ƳƻƭŜŎǳƭŜǎ ƘŜǊŜΣ !5t ŀƴŘ {LaΦ  [ŜǘΩǎ ŎƻƭƻǊ ǘƘŜƳ ǎƻ ǿŜ Ŏŀƴ 

more easily identify them: 

o $ color :SIM green 

o $ color :ADP red 

 

 

 



 

 

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

delete the ADP co-factor 

o $ delete :ADP 

Note:   Most co-factors bind allosterically and do not interact with the ligand, so we can usually delete 
them.  Common co-factors and additives include cations (sodium and calcium most commonly), 
anions (usually chloride), sugars, ADP, ATP, orotic acid, steroids, NAD, NADP, FAD, SAH, SAM and 
ǾƛǘŀƳƛƴǎΦ  LǘΩǎ ǇǊŜǘǘȅ ŎƻƳƳƻƴ ŦƻǊ ǇǊƻǘŜƛƴǎ ǘƻ ƘŀǾŜ ƳǳƭǘƛǇƭŜ Ŏƻ-factors around. 

 

¶ Lǘ ƛǎ ǇƻǎǎƛōƭŜ ŦƻǊ ŀ ŘǊǳƎ ǘƻ ƛƴǘŜǊŀŎǘ ǿƛǘƘ ŀ ŎƻŦŀŎǘƻǊ ƛŦ ƛǘΩǎ ŎƭƻǎŜ ŜƴƻǳƎƘ.  If you think your 

ligand/drug might be interacting with a cofactor, then leave it in there and look for H-bonds and 

ǾŘ² ŎƻƴǘŀŎǘǎΦ  LŦ ƛǘ ǘǳǊƴǎ ƻǳǘ ȅƻǳǊ ŘǊǳƎκƭƛƎŀƴŘ ŘƻŜǎƴΩǘ ƛƴǘŜǊŀŎǘ with the cofactor, you can always 

delete the cofactor later. 

 

 

 

 

 

 

 

 



Processing a Protein Part 9: Recognizing Cation-Pi Interactions 

 Before we start talking about cation-pi interactions, we first need to deal with the issue of 

where the positive charge actually resides.  In general chemistry and organic chemistry classes, we use 

formal charge as a way to account for electrons by putting positive/negative charges on certain atoms.  

The problem with this formalism is that it gives the wrong impression as to which atoms are actually 

cationic.  For example, consider the structure of acetylcholine with a formal charge versus where the 

charge resides: 

 
 

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

then the positive charge on this unhindered methyl group will sit on the pi system.  In contrast, a 

primary amine (R-NH3
+) will leave significant charge near the nitrogen, so the nitrogen atom can sit on 

ŀƴ ŀǊƻƳŀǘƛŎ ǎȅǎǘŜƳΦ  ¢Ƙƛǎ ƭŜŀŘǎ ǘƻ н ŎƻƳƳƻƴ ǿŀȅǎ ǘƘŀǘ ȅƻǳΩƭƭ ǎŜŜ Ŏŀǘƛƻƴ-pi interactions: 

 

 
 

Note:   When the cation is on the drug όǘƘŜ άŎƻƳƳƻƴέ ŜȄŀƳǇƭŜ ŀōƻǾŜύ, interactions are common 
with unhindered carbons (especially methyl groups) bound to the nitrogen atom.  Just look for nearby 
Tyr or Phe rings.  Tryptophan and Histidine rings can serve as a pi-system for a cationic drug, but they 
are less common.  If the drug has a phenyl system, then it is possible for a nearby Lys or Arg to form a 
cation-pi interaction, but this is pretty rare.  An example protein with a cation-pi interaction is shown 
on the next page. 

 

 

 

 

 

 



Example of a Cationic Drug Interacting with an Aromatic Protein Residue 

Note:   These are the most common and easiest to find, as our normal processing will reveal these 
ǿƘŜƴ ǿŜΩǊŜ ƭƻƻƪƛƴƎ ŦƻǊ ƴƻƴ-polar contacts ŀǎ ȅƻǳΩƭƭ ǎŜŜ ōŜƭƻǿΦ  Remember, however, that many 
ligandǎ ǿƻƴΩǘ ƘŀǾŜ ŀ Ŏŀǘƛƻƴ-pi interaction 

 

¶ Load the crystal 1uw6 with the following command: 

o $ open 1uw6 

¶ [ƻƻƪ ŀǘ ǘƘŜ ǎƛȊŜ ƻŦ ǘƘƛǎ ǇǳǇǇȅΗ  ¸ƻǳΩƭƭ ƴƻǘŜ ǘƘŀǘ ǘƘŜǊŜ ŀǊŜ ƳǳƭǘƛǇƭŜ ŎƘŀƛƴǎ ƘŜǊŜΣ ƴŀƳŜŘ ! ǘƘǊƻǳƎƘ 

T.  The easiest way to delete everything but just chain A is to do the following: 

o $ delete /b-t 

Á IŜǊŜ ǿŜΩǊŜ ǘŜƭƭƛƴƎ ǘƘŜ ǇǊƻƎǊŀƳ ǘƻ ŘŜƭŜǘŜ ŎƘŀƛƴǎ . ǘƘǊƻǳƎƘ ¢Φ 

¶ Change the settings to something more familiar with: 

o Presets Ҧ Original Look 

¶ ¢ƘŜ ƭƛƎŀƴŘ ƘŜǊŜ ƛǎ ƴƛŎƻǘƛƴŜΣ ŀƴŘ ǘƘŜ ŎƻŘŜ όƛƴ ǘƘŜ ƭƻƎ ǇŀƴŜύ ƛǎ b/¢Φ  [ŜǘΩǎ ŦƛǊǎǘ ŦƛƴŘ ǘƘŜ I-bonds 

and vdW interactions with the following commands: 

o $ delete solvent 

o $ hide atoms 

o $ hbonds ligand reveal true 

o $ contacts /A@C* restrict :NCT@C* distance 3.8 reveal true name vdW 

¶ ¸ƻǳΩƭƭ ƴƻǘŜ ǘƘŀǘ ǘƘŜǊŜ ŀǇǇŜŀǊǎ ǘƻ ōŜ ǎƻƳŜ ŎƻƴǘŀŎǘǎ ōŜǘǿŜŜƴ ǘƘŜ ƭƛƎŀƴŘ ŀƴŘ ǘƘŜ ōŀŎƪōƻƴŜ ƻŦ ǘƘŜ 

nearby tryptophan residue.  You can show the backbone residues by selecting the residue by 

holding down CTL and left-clicking the residue, or by selecting it with the command: 

o $ select :143 

Á !ŦǘŜǊ ȅƻǳ ǎŜƭŜŎǘ ƛǘΣ Ƙƛǎ ǘƘŜ άIƛŘŜέ ƻƴ ǘƘŜ ŎŀǊǘƻƻƴ ǎŜŎǘƛƻƴ ƻŦ ǘƘŜ άaƻƭŜŎǳƭŜ 

5ƛǎǇƭŀȅ ¢ŀōέ 

¶ [ŀǎǘƭȅΣ ƭŜǘΩǎ ŀŘŘ ŀ ōƛǘ ƻŦ ŎƻƭƻǊ ǘƻ ǘƘŜ ƭƛƎŀƴŘ ǿƛǘƘ ǘƘŜ ŦƻƭƭƻǿƛƴƎΥ 

o $ color ligand green; color byhet 

Á The semicolon here is a way to combine commands together, and gives the 

same result as if you did them one at a time 

 

 

 

 

 

 

 



¶ Nicotine has both an aromatic system (the pyridine) and an ammonium cation at physiological 

pH (7.4).  This means nicotine has 2 potential places that it could form a cation-pi interaction 

with the protein 

 

¶ Looking at the pyridine system, there ŘƻŜǎƴΩǘ appear to be any cationic residues nearby, so 

nothing to look for here (as expected because these interactions are rare).  You can use the 

following command to look for these rare interactions: 
o $ contacts /A@N* restrict :NCT@Car distance 5 reveal true name catpi 

Á This command looks for any nitrogen atoms within 5 Å of an aromatic carbon 

(Car) in your ligand (NCT here)Φ  ²Ŝ ƎŜǘ ŀ άbƻ ŘƛǎǘŀƴŎŜǎέ ǊŜǎǳƭǘ ōŜŎŀǳǎŜ ǘƘŜǊŜ 

ŀǊŜ ƴƻ ǎǳŎƘ ƛƴǘŜǊŀŎǘƛƻƴǎ ƘŜǊŜΦ  aƻǎǘ ƭƛƎŀƴŘǎ ǿƻƴΩǘ ƘŀǾŜ ǘƘƛǎ ƪƛƴŘ ƻŦ ƛƴǘŜǊŀŎǘƛƻƴΦ 

¶ Looking at tƘŜ ǇȅǊǊƻƭƛŘƛƴŜ ǊƛƴƎΣ ƘƻǿŜǾŜǊΣ ȅƻǳΩƭƭ ƴƻǘƛŎŜ ǘƘŀǘ the N-Methyl has several contacts 

with a nearby Tyr residue.  This is a cation-pi interaction! 

  

¶ When you show these interactions, the standard way to do this is to draw a dotted line from the 

positive sign to the center of the aromatic ring like this: 

 

Cation-Pi Interactions 


