Protein Structure Tutorial

Protein structure is a huge challenge for bioinformatics.  Much of what we understand about the processes of life has to do with the interaction of proteins with each other and with other molecules: proteins are enzymes that catalyze biochemical reactions, proteins form molecular motors that move cells, proteins form pores that control the flow of small and large molecules into and out of cells, proteins bind to DNA to control the production of other proteins.  In biology, function is related to structure. All of these phenomena are best understood by visualizing the 3-dimensonal structures of proteins and their interaction with other molecules. 
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However, it is very difficult to obtain data about molecular structures. We cannot see individual protein molecules with light or electron microscopes. So far, bioinformatics has had little luck in predicting the 3-dimensonal structures of proteins directly from amino acid sequences. It requires years of work to determine the structure of a single protein using X-ray crystallography or Nuclear Magnetic Resonance. 

The Research Collaboratory for Structural Bioinformatics (RCSB) maintains a public database, known as the Protein Data Bank (PDB), which stores all of the known protein structures. A variety of free visualization tools are available that can be used to view 3-dimensonal images of these known protein structures on any computer.  It is important to understand that the PDB stores structures as a list of molecules and coordinates that represent distances in 3-dimensional space, not as actual images. This allows visualization programs to generate images from the structure data so that they can easily change the color and style of each molecule, as well as to rotate the viewing angle of a protein image in any direction on your computer screen. 

In order to visualize protein structures on a computer, some new software must be installed. This may be a challenge in a classroom or computer lab setting where the computers may be locked with security software that prevents installing new programs. Some assistance from the IT department may be required. 

Bioinformatics is both a theoretical and a practical field. Scientists (and teachers and students) must understand how algorithms work, but they must also figure out how to install and run software on various types of computers.  There are a number of different protein structure visualization programs available, and the installation process varies on different types of computers and different operating systems. Installation instructions are presented below for the Cn3D structure viewer that is simple to use and works with most Macintosh and Windows operating systems. These visualization programs work together with a web browser as a “helper application,” so there may be additional differences in setting them up with different web browsers. 

Cn3D is the protein structure viewer application created by the NCBI (National Center for Biotechnology Information), part of the US National Library of Medicine. It is nicely integrated with GenBank/Entrez and other NCBI bioinformatics tools.  There is an installer for Windows available on this web page: 

http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3dwin.shtml
Just download the installer Cn3D-4.1.msi, find it on your computer (usually on the desktop), and run it. The installer should set up your web browser, so that’s it. Go back to the Cn3D install page and test it on the sample image. 
Macintosh users have to do a bit more work. Download the Mac version of the CN3D program on this web page:


http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3dmac.shtml
Use version 4.1 for OSX, version 4.0 for OS 8 and 9. Put the Cn3D application in a logical place, such as your “Applications” folder. Now you have to set up your web browser to use Cn3D to view structure files from NCBI. Go to the cn3dinstall web page and click on the test image.


http://www.ncbi.nlm.nih.gov/Structure/CN3D/cn3dinstall.shtml
Some web browsers will let you choose an application when opening up a new type of file. If your browser gives you an option to "open with," point it to the Cn3D application in the folder where you installed Cn3D 4.1.  The Cn3D application should open and display the test file.

If your web browser is not cooperative, you can still make Cn3D work. Download the test image and save it as a file on the desktop.

http://www.ncbi.nlm.nih.gov/Structure/CN3D/test_launch.prt
Now select the test_launch.prt file and choose “Get Info” from the File menu (Command i). Inside the Info box, click on the small triangle next to “Open with:” If it says anything other than Cn3D, then use the pull-down menu to choose “Other…” This will open up a standard file finder where you can navigate to the Cn3D application. Click on the Cn3D application, check the little box that says “Always Open With,” then click the “Add” button on the bottom right.  Check back in the Info box: it should now say “Open with: Cn3D.”  Hit the “Change All…” button so that all .prt files from NCBI will open directly in Cn3D, and close the Info box. Go back to the Cn3D install page and test it on that image.  You should see a cool picture like this:
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There are many features to play with in Cn3D. Try grabbing the image with the mouse and pulling it around.  From the View menu, set the Animation to Spin. There is a complete Cn3D tutorial on the NCBI website:


http://ncbi.nih.gov/Structure/CN3D/cn3dtut.shtml
Now you can view any structure in the NCBI database – just go to the NCBI home page

http://www.ncbi.nlm.nih.gov/
and choose “Structure” from the pulldown Search menu, then type any protein name in the search box and hit the Go button (try “hemoglobin”).  Click on the link to the first entry in the list (1UFP) and then hit the “View 3D Structure” button. 

One of the best features of Cn3D is the ease with which you can connect each amino acid in the protein sequence with a specific spot on the 3-D structure. Click on an amino acid in the Sequence Viewer window and the corresponding position in the 3-D image is highlighted, or click on a spot in the structure and the amino acids are selected in the sequence.   Here is a Cn3D picture of a hemoglobin molecule showing the interaction of histidine #77 (in yellow) with the iron atom in the heme unit. 
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Cn3D only works with structure data in the NCBI’s Entrez database. If you want to view structure data directly from the PDB, you will need a PDB file viewer.  There are many different PDB viewer applications, but many are complex to install and use, or they do not offer the direct integration of sequence and structure. The PDB website has its own Java-based structure viewer, Quick PDB. This is a much simpler and less capable program than Cn3D, but it requires no software download or installation. Quick PDB allows the user to locate each amino acid on a rotateable wireframe 3-D protein structure, but it does not support side-chains or ligands. It also allows the user to color the protein by secondary structure (alpha helix vs beta sheet), hydrophobicity, charge, and other amino acid properties.

To test out Quick PDB, go to the PDB website and make a query such as “hemoglobin”:


http://www.rcsb.org/pdb
Click on the link to one of the entries and then click on the “View Structure” link. From the PDB Structure Explorer, just click the Quick PDB button.  The image below shows hemoglobin (PDB entry 1A00) with helical portions of the structure in red, beta sheet in yellow and a couple of histidines in blue.
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