

Name(s)__________________________


ChemE355/599     Protein and DNA Structure Lab

Due Monday October 11 at 2:30 pm (OK to work together)

The purpose of this exercise is to familiarize you with molecular representations of DNA and protein 3D structures.  These structures are determined mainly from crystallized preparations, with Xray structure determination techniques.  You will use a public database, called The Protein Database, and you will download files for a few structures.  You will visualize these with a simple program called Chime, which is free, and which you can download.  Here are the URLs for these:

PDB:  http://www.rcsb.org/pdb/

To get Chime:  http://www.mdl.com/downloads/downloadable/
You will have to register with the company (MDL) in order to download Chime, but the product is free.

Note:  if you have any problems with this, contact the TA (Xiaofeng Guo): xfguo@u.washington.edu

I.  Protein Structures

1.  Open your browser, and go to the PDB website (http://www.rcsb.org/pdb/).  In the middle of the page is a section entitled “Search the Archive.”  Type in 1A3N, and check the box “query by PDB id only.”  Click “Find a structure.”  This page gives information for the structure of the protein Hemoglobin.  In the left-hand menu, click “View Structure.”  On this new page, under “Interactive 3D Display,” click on the “First Glance” link.  After a moment, you will see the structure of Hemoglobin spinning.  Hemoglobin is the protein in our blood that carries oxygen.

2.  First, click the “Off” button on Spin, so that you can control your viewing of the structure.  Use the X boxes to the left of the structure to change the way it is presented;  try the different options.  For each, use the mouse to rotate the structure.  This allows you to “see” inside and around the 3D structure.  Now return to either “Cartoon” or “Backbone” styles of viewing (whichever you prefer).  These views present each polypeptide chain as a separate color, and allow you to “see” the makeup of the hemoglobin molecule.  There are also some small regions of a different color—those are not polypeptide chains, but are the heme molecule.


a)  How many polypeptide chains are in hemoglobin?  _____________

3.  Look for a differently colored set of atoms within the polypeptides.  Rotate the structure so you can “see” what it is.  This is the heme molecule, which is a structure containing iron.  If you like, change the Display type to find a different way of looking at the heme.  You can click on the word “Ligands” to see an explanation of what each atom is in the heme molecule, based on its color.  In the heme, the orange center atom is iron.  You can zoom in or out using multiple clicks on the zoom check-box. Usually, Protein (X-box in the left column) is the best mode.


b)  How many heme molecules are in the hemoglobin? _____________

                  Do they all appear to be identical? _____________

                  Where are they located?   

4.  If you are not already in this, change to “Protein” (with the X-box in the left column), which shows the space taken up by each molecule.  Look for the red and grey molecules (the hemes).


c)  Do you think O2  can access the hemes from the outside of the molecule?

5.  Now open a second browser window.  Using the same instructions as #1 of this assignment, view the structure for 1GZX.  This is the file for the structure of hemoglobin with O2 bound.  Choose the same viewing style (either Cartoon or Backbone) as you selected previously.  Open both windows next to one another.  Now you can see, by looking at the heme, the site of the new O2 molecule.  Rotate the structure to see it better (look for the 2 new red atoms).


d)  Where is the O2 bound?

      How many O2 molecules are bound? _____________

6. Close one window.  In the remaining window, view protein 1L7V by typing it into the “Explore” field in the left column, and pressing the “explore” button.  This is the file for the structure of a transporter that is specific for the vitamin B12.  Transporters are located in the membrane and move molecules in and out of cells.  Rotate the structure around to observe how it is configured.


e)  How many chains are there in the structure? _____________

      Are they all identical? _____________

7.   Rotate the structure and look for the central cavity, or hole.


f)  How do you think the B12 molecule might move through this structure?

II.  DNA Structure

6. Now type 140D (note the 3rd position is zero, not oh) into the “explore” field and press the button.  This is the file for structure of DNA.  As with the hemoglobin structure, choose different display options and rotate the structure to see both strands – the best view for this molecule is the “DNA/RNA” option.  Note the double helical structure, and where the bases of each strand meet in the center.

7. View file 1TRO.  This is the file for a DNA-binding protein, called the Trp Repressor, bound to a small stretch of DNA.  Rotate the structure so you can “see” the DNA helix better.  Change your viewing options to view both the protein and DNA structures.  

DNA binding proteins control the process of transcription—they are like switches that allow the transcription machine to work better (for activators) or impede the machinery (for repressors).  


e)  How many proteins are bound? _____________

       Where is the protein bound? (Hint: use the DNA/RNA viewing option to see this best.)

