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Part I: Emergent Properties of Hemoglobin
1. Refer to the graph below to answer the following questions:
[image: ICB_13.02.png]

a. Imagine a molecule with high affinity, low affinity or hybrid binding affinity for O2 moving from the lungs to the muscles.  What percentage of O2 is released by each type of molecule when it reaches your muscles at 4 kPa oxygen concentration?


Low affinity:



High affinity:



Hybrid affinity:





b. Let’s put some numbers to the percentages.  Assuming 100 ml of blood can carry up to 13 ml of oxygen, how many milliliters of oxygen would be delivered to muscles by high, low and hybrid affinity binding molecules?  

Low affinity:




High affinity:




Hybrid affinity:



c. Now let’s think about the biological effects of the different types of binding curves.  Which curve is best for delivery of O2 from the lungs to the muscles?  Which is the worst?  Explain why.  
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Part II: The Hill Equation
1.  Archibald Hill developed an equation that closely fits the data in Figure 13.1 below for oxygen saturation of a hemoglobin solution. The Hill equation has become one of the most famous and useful equations in biology, because it can be applied in any situation where ligands bind to receptors.  We will examine the Hill equation and the Hill plot to see how to quantify cooperativity of binding.  
[image: http://www.trunity.net/files/324401_324500/324443/icb-13.01.jpg]
If x is the concentration of O2, and y is the percent O2 saturation of hemoglobin the Hill equation says that    where k is a positive constant.   (Equation 1)
a. What percent oxygen saturation (y) is predicted by the Hill equation when the concentration of O2 (x) is equal to k?  


b. In light of your results, what biological interpretation does the constant k have in the Hill equation?



c. Estimate the oxygen concentration (x) in the figure above at which the percent oxygen saturation of hemoglobin is 50%.  Write the Hill equation for this numerical value of k.



Now let’s examine n.  The figure below was created in Wolfram Alpha (a computational answer engine that can be used a resource to solve and explore equations) by plotting the following code.  
[image: ]

d. Consider the Hill equation, and the equations plotted by in Wolfram Alpha.  Where do these four curves intersect? Why?



e. From these four curves, describe the effect that changing the value of n has on the shape of the Hill equation.  Which curve looks most like the low affinity binding curve in the first figure?
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Part III:  The Hill Plot
The value of n is a measure of cooperative binding, and it controls the steepness of the curve.  If n > 1 this suggests that more than one binding site exists and the binding of one O2 increases the affinity for further O2 binding. When n=1, there is no cooperative binding.  The maximum value of n is equal to the number of binding sites.
1. The Hill equation can be made to fit the curve for Hemoglobin by setting k = 3.5 and n=2.8.  (You can go to the Exel file  CH13_hemoglobin.xlsx and try it for yourself!)  
a. Explain what the values of k =3.5 and n=2.8 means for O2 binding by Hemoglobin.




The Hill equation can be manipulated to produce an equation for a straight line, as shown below. 
   (2)
A Hill plot is a plot of the equation (2).   The figure below shows the Hill Plot for Hemoglobin and the high and low affinity molecules, as well as for myoglobin (a storage molecule found in muscle).
[image: https://storage.us-east-va-1.cloud.ovh.us/v1/AUTH_968d66ba4a3048c4ab5362cd0f5486fc/trunity/uploads/ckeditor/images/46ce30f3-b737-458a-b831-5096d67d5cc0.jpg]b. What value represents the slope of the line?  How does the slope of the line for Hemoglobin compare to the slopes for the high and low affinity binding molecules?  



c.   Examine the Hill plot for Myoglobin.  Both hemoglobin and myoglobin contain heme groups that bind O2.  What does the Hill plot for myoglobin suggest about the binding of O2 to myoglobin?
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