
Exploring Equilibrium Constants in Biological Systems
Distributed:  
Due: 


Name _______________________________    

This homework uses the virtual lab. Using a computer that is running Microsoft windows or Macintosh OS 10.1 or higher, go to http://ir.chem.cmu.edu  and click on “Virtual Lab” in the upper left-hand corner. You can then either,


a) Run the lab as a Java Applet in a web browser by clicking on “Run the applet >>”.


b) Download and install the lab on your computer, by clicking on “download” at the bottom of the page.

To load the assignment, select “Load Homework...” from the “File” menu, and select 

“Chemical Equilibrium : DNA Binding Problem ”.
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In the ‘30s and ‘40s, biologists knew that the agent for heredity was in thread-like chromosomes, made of the molecule DNA. They also knew that DNA was made of four bases, (A)denine, (G)uanine, (C)ytosine, and (T)hymine. The race was on to be first to determine how they fit together, and how they carried hereditary information.
 

In 1953, James Watson and Francis Crick unraveled the mystery, by showing that DNA had the double-helix structure shown to the left. The information is stored as the sequence of bases, GCATT…, on the strand of DNA running up one side of the double helix. On the opposing strand, the sequence is mirrored such that a C is paired with every G, and an A is paired with every T. This pairing is essential to the ability of DNA to replicate and to send its information out into the cell to direct protein synthesis. 

This problem uses a special version of the IrYdium Chemical Laboratory Simulation, that you can find on the assignment page of the course web site:  http://ir.chem.cmu.edu/chem106/assignments/ .

Please see the User Guide distributed in class for basic instructions on how to use the laboratory. If you have any questions or experience any problems, please send email to help@ir.chem.cmu.edu. Note that this version of the simulation can only be run from a Windows PC. 

You will be provided with stock solutions of all four bases. These are labeled dAMP for A, dCMP for C, dGMP for G, and dTMP for T to reflect the fact that these bases are only soluble as single bases in their d-MonoPhosphate form. Each of these solutions has a concentration of 0.10M. In the following, feel free to combine these solutions in any way you see fit. Note that the “Solution Info” window shows the concentrations of all chemical species in the currently-selected container. In this window, AT indicates A and T bound together, AC indicates A and C bound together, etc.

1) (2pts) The chemical equation corresponding to binding of the A and C base pairs is



A  +  C ( AC 

The equilibrium constant for this reaction is referred to as the “binding constant for A and C”, and Go for the reaction is the “free energy of binding”. Determine the free energy of binding for AT, CG and one mis-match (AC, AG, TC, or TG). Do your results make sense in terms of the structure of DNA?


Please briefly describe, in a few sentences, how you did the above problem (you are not graded on your procedure, but must tell us something).

2)  (2pts) The chemical stockroom also contains a solution labeled unknown. This solution contains a 0.10M solution of a “synthetic base”. Synthetic bases are designed and used by biologists to manipulate DNA. Which base, A, C, T or G, is this unknown synthetic base most like, in terms of its binding characteristics?


Please briefly describe, in a few sentences, how you did the above problem (you are not graded on your procedure, but must tell us something).

3)  (2pts) What is the equilibrium constant for the following reaction:



A  +   CT (  AT +  C

Please briefly describe, in a few sentences, how you did the above problem (you are not graded on your procedure, but must tell us something).

4)  (2pts) Your goal here is to create a solution containing only A and C (and water), such that when you add a small amount of T, the concentration of AT is equal to the concentration of CT (to within 1%). When you’ve created this solution, and tested it by adding some T, please tell us the concentration of A and C in your solution. 


Please briefly describe, in a few sentences, how you did the above problem (you are not graded on your procedure, but must tell us something).




[A] = ___________   [C] = _________________





It is most like:   A    C    T    G     (circle one)





Go (binding of AT) = ��������������������__________________kJ/mol.


Go (binding of CG) = ��������������������__________________kJ/mol.


I measured the binding of ________________ and�   found Go of binding = ��������������������__________________kJ/mol.





K = ____________________________________
























































� Figure from Eric S. Grace, “Biotechnology Unzipped: Promises and Realities”, Joseph Henry Press, Washington, DC (1997).
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