ChmE355: Biological Frameworks for Engineers

                                    Handed out on 10-4-06; due on 10-9-06


Tutorial: Molecular Structures in 3D

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 using X-ray structure determination techniques.  You will use a public database, called The Protein Database (http://www.rcsb.org/pdb/), to access files for a few structures.  

I.  PROTEIN  STRUCTURES

1.  Open a web browser and go to the PDB website (http://www.rcsb.org/pdb/).  Toward the top of the page is a Search box.  Select the “PDB ID or keyword” option and search for 1A3N (the PDB ID for hemoglobin, the protein in our blood that carries oxygen).  A page of information about hemoglobin should appear.

2.  Within the menu on the left-hand side, click “Image Gallery,” then scroll down to the “Interactive View.”  Note that you can rotate this structure in 3D space by moving your mouse.

This view presents each polypeptide chain as a separate color and allows you to “see” the makeup of the hemoglobin molecule.  There are also some small, mostly gray ball-and-stick structures of different colors – those are not polypeptide chains but heme molecules, non-protein structures that help the protein do its job.  You can click 1A3N in the left-hand menu to get back to the main page of information about hemoglobin.


a)  How many polypeptide chains are in hemoglobin?

b)  According to the main information page, are all of the chains (also called domains) the same?  

c)  What is the name of each chain?

3.  Now focus on the heme.  Rotate the structure so you can “see” what it is.  Note that the atoms are color-coded: carbon (C) is gray, iron (Fe) is orange, nitrogen (N) is blue, and oxygen (O) is red.  If you like, click in the KiNG Viewer and Webmol Viewer to see alternative views of the heme and hemoglobin.


a)  How many heme molecules are in the hemoglobin?

b)  Do they all appear to be identical?

c)  Where are they located?   


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

4.  Now open a second browser window.  Using the same instructions as above, view the structure for 1GZX.  This is the file for the structure of hemoglobin with O2 bound.  Compare the two windows.  Now you can see the site of the new O2 molecule.  Rotate the structure to see it better (look for the 2 new red atoms).


a)  Where is the O2 bound?

b)  How many O2 molecules are bound? 

5.  Close one window.  In the remaining window, view protein 1L7V.  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.


a)  How many chains are there in the structure? 

b)  Are they all identical?

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


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

II.  DNA  STRUCTURE

1. Now do a search for 140D.  This is the file for the structure of DNA.  As with the hemoglobin structure, try different display options (“Webmol Viewer” is recommended here) and rotate the structure to see both strands.  Note the double helical structure, and where the bases of each strand meet in the center.

2. View file 1TRO.  This is the file for a DNA-binding protein, called the Trp Repressor, bound to a small stretch of DNA.  (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].)  Again, adjust your viewing options so that you can visualize both the protein and DNA structures. 

a)  How many proteins are bound?

b)  Where is the protein bound?
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