Day 8 (7th day of group project) Chimera and viewing protein structures
[bookmark: _GoBack]Adapted (with thanks!) from a module for CHE 4950, Biochemistry Lab, by Dr. Andy McMillan

Most properties of proteins are defined by how they form three-dimensional structures and a major focus of biochemical research involves determining these structures. Published structures are available in several databases known as the Protein Data Bank or PDB. You may have seen links to the PDB in Uniprot and NCBI. The primary U.S. version of the PDB database is found at www.rcsb.org. 
From this website you can search for different structures or find a specific structure using its PDB code, which is a combination of 4 letters and numbers. Group 1: 5M87  Group 2: 5TSA  Groups 3-5: 5ZLG 
It will help to have a copy of the paper about the crystal structure (which you could find a link to from the protein databank but I should have already provided to you in Benchling and/or Blackboard).
1. Pull up your assigned structure in the PDB (www.rcsb.org) Identify the organism that this protein is naturally made in. Have you ever heard of it before?
2. There is a simple three-dimensional viewer built into the PDB website, but it is fairly limited. One neat thing to do with the PDB viewer is to explore whether there are non-protein parts of your structure (like heme groups or metal ions). While looking at the structure on the left-hand side of the PDB page click on “Ligand Interaction” (in blue under the structure). That will show any ligands (non-protein parts bound to your protein) and the amino acid residues that interact with the ligands. Describe your findings, at a minimum identifying any ligands observed and the types of interactions they have with the protein.
3.  It will also be helpful to have the amino acid sequence of the protein you are exploring.  You can go from the PDB to UniProt by scrolling down in the PDB entry to the macromolecules section then, on the right hand side, click on Go to UniProtKB:. UniProt has the amino acid sequence, find the version that has numbers every 10 residues. In Benchling store the amino acid sequence and make a note of the UniProt entry number, too.
If you have made an alignment between your Drosophila protein sequence and the sequence that has been crystalized that is fantastic! That alignment will help you relate this crystal structure to your protein, which should be homologs (but may be so distantly related it isn’t super helpful, we’ll have to see).
A viewer with more useful features is Chimera, developed by researchers at UCSF. This will be installed on the computers in WC244D, and if you want to install it on your own computer, it is available for free at http://www.cgl.ucsf.edu/chimera/

The exercises below will help introduce some basic features of Chimera, but there is a good tutorial on the chimera website at: http://www.cgl.ucsf.edu/chimera/docs/UsersGuide/frametut.html
4. The file describing the structure can be downloaded from the PDB website. If you know the PDB code it can also be downloaded and opened directly from the menu: 
File -> Fetch by ID… 
This will open a dialog window where you can enter a PDB code and click “Fetch” to open the file. 
Describe what your protein looks like. Rotate it around (left click, then move mouse) and look from different angles. How is this view similar to what you saw for the whole protein in the PDB viewer, and how is it different?
In chimera you can modify the structure to emphasize different elements. Most ways of manipulating the view can be done both through menus and a command line. This guide includes both options. Menu commands will be shown in bold. Command line commands are shown in italics. To bring up the command line from the menu:

Tools -> General Controls -> Command Line
5. You can move the structure in the window by clicking with the middle mouse button. You can change the zoom either by dragging while holding the right mouse button down or with a mouse scroll wheel. 
Hovering the mouse over parts of the protein brings up a display showing the amino acid residue type and number. What are the first and last amino acids shown in the structure? How is the information displayed?
6. The foundational idea is that you can select parts (or all) of the structure and perform an action to do something to the selected part. Only the part that is selected will be changed by the action. Let’s get some practice selecting different regions.
7. Structures from crystals often contain many molecules from the solvent (in our case, water), which can get confusing when showing all atoms. To reveal the water atoms from the menu:
Select -> Structure -> solvent  
or Select -> Residue -> HOH
Actions -> Atoms/Bonds -> Show (any actions only apply to selected atoms, if no atoms are selected it applies to the whole structure)
or from the command line type:
disp:hoh 
Do you observe any water molecules? Approximately how many?
Hiding atoms can be done from the menu by selecting the atoms then:
Actions -> Atoms/Bonds -> Hide
Or from the command line:
~disp :hoh 
Generally a command that adds something to the view can be reversed by using ~ followed by the command, so this means to reverse the command that displayed :hoh
To remove these atoms using the menu, while solvent is selected:
Actions -> Atoms/Bonds/delete
or from the command line
del :hoh
Be careful deleting atoms, this cannot be reversed without reloading the structure! 
More about the command line
disp : means display the specified atoms. You can give other commands besides display, like color (col), which we’ll cover more below
Use the symbols in the table below to specify which thing in the structure to apply a command line action to. Probably the most useful is the colon, :, for residue (amino acid)
[image: ]
So, to color the amino acid 80 yellow, type
col yellow :80
8. To get a clearer view of any ligands without the rest of the protein hide the ribbon.
From the menu:
Actions -> Ribbons -> Hide
Using the command line:
~ribbon
To bring back the ribbon use:
Actions-> Ribbons -> show
Or 
ribbon
If you display backbone atoms you it will show how it is connected. This can be done from the menu with:
Select-> Structure -> Backbone ->full (for all amide atoms plus alpha-carbons) or minimal (doesn’t include backbone carbonyl oxygens)
Actions -> Atoms/Bonds ->Show
Or from the command line this can be done with:
disp @n,ca,c,o (n = backbone nitrogen, ca = alpha carbon, c = backbone carbonyl carbon, o=carbonyl oxygen)
9. Select any part of the protein by clicking on an atom while also pressing ctrl. You can increase the selection from atom -> residue -> chain (only one chain in this structure) -> structure by pressing the up arrow on the keyboard. Down will select less. To remove the selection ctrl-click outside the protein. You can select multiple atoms with shift-ctrl-click
10. To make a region stand out you can change its color.  For example, 
Select  residue  His 
Then color them:
Actions -> Color -> Hot pink
To show their sidechains
Actions -> Atoms/Bonds -> Sidechain/Base -> Show 
The coloring can also be done using the command line by entering
 color hot pink :His
If you want to bring back the different coloring for heteroatoms, use the menu:
Actions -> Color -> by heteroatom 
This display of sidechains and special coloring will allow you to highlight key residues that are important for the protein function. You will need information from the crystal structure paper and your alignment (between your protein and the one that was crystalized) to help you decide which residues are worth highlighting. Explain why you are interested in these parts of the protein. Are there any insights you gain from the structure? What insights are reported in the crystal structure paper? Do you think they apply to your Drosophila protein? Why or why not?
11. Labels can be added for a selected set of amino acids or atoms. Select the part you want, then one option is to select Actions -> Label -> Residue -> 1-letter code + specifier (this will give you the one letter code for the amino acid as well as the number in the sequence)
12. We can select within a zone. First select something, maybe a ligand in your protein, then:
Select -> Zone … 
This will bring up a dialog window where we can either specify if we want to select inside or outside a radius of already selected atoms. Check the box to select all the atoms of a residue, rather than just the atoms in the zone, then select the atoms within a distance. 
Use this selection to color the surrounding atoms a particular color. You can decide if there is a good use for this functionality for a figure for your memo to Maureen.
13. We can use the distance tool to measure the distance between any two arbitrary selected atoms. Again, you can think about if there is a good use for this functionality (are you curious to know some distance in the structure?). Measuring the distance between two atoms can be done from the command line after two atoms are selected with the command:
dist sel
More options are available by going through the menu:
Tools -> Structure Analysis -> Distances
With two atoms selected (first one by a control click, second one by a shift-control-click) next click the “Create” button to draw the distance line and label. This also adds it to the table, which will display the atoms measured and the distance between them. 
By default this distance will be indicated on the structure with a yellow line. If you want to change the background color to white (better for printing a figure) the yellow won’t show up. In the structure measurements box you can change the color by clicking on the yellow box to bring up color sliders, then adjust the color to be black. 
14. To change the background color to white using the menu:
Actions -> Color -> all options…
A new window will open, choose the button next to background, then click white.
From the command line:
background solid white
15. Before saving the image, be sure nothing is still selected. Then from the menu:
File -> Save Image…
You can choose the file type and save location from the new window. For file type, png is good because it gives a smaller size file, while .tiff is better for maintaining quality (many journals request figures in tiff). To save the view we’ve made we can save the session under:
File -> Save session as… 
After you have saved the menu:
File -> Close session 
will clear the view 
You can reopen a saved session with:
File -> Restore Session
14. Upload both the saved image and the session file to your Benchling entry. This probably won’t be the final version that you use for your memo, but is a way to document your progress!
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Atom Specification Symbols

Symbol Meaning Usage
# model #model (model ID number)
residue :residue (residue name or number)
chain :.chain (chain ID)
@ atom @atom (atom name)
= partial wildcard |matches partial atom or residue name,
e.g., @C= specifies all atoms with
names beginning with C
? single-character |matches single character in atom or
wildcard residue name, e.g., :G?? specifies all

residues with three-letter names
beginning with G
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