Study Questions for Biophysics: A Physiological Approach
Chapter 2

1. Give an example showing the relationship between retention time and reaction time in probabilistic systems.

2. In measurements of dissociation constants using capillary electrophoresis, the Ke decreases as the electric field decreases.  What is the Ke and why does it decrease as the electric field decreases?

3. The association energy between norepinephrine and ascorbate is 24.4 kJ/mol.  What does this tell us about the binding between the two molecules?

4. How could osmotic pressure be used to measure KD?

5. Define molecular concentration and activity and explain the conditions under which they will be equal.

6. How is the activation of a gene by a transcription factor similar to the progression of an autoimmune disease?

7. Give an example of how changes in absorbance are used to infer the formation of molecular complexes.

8. Explain the effect of cholesterol on membrane stability.

9. Describe the sequence of energetic events that lead to the stacking of hemoglobin with the sickle cell mutation.

10. Why must you have Fe2+, rather than Fe3+, in order to make hemoglobin?

11. Four oxygen molecules bind to hemoglobin in a cooperative manner, producing the O2-Hb binding curve familiar to everyone who has studied lung physiology.  Produce a diagram of the different energy states that would occur as each of the 4 oxygen molecules binds, reflecting their relative energies and the relation to the ambient energy.  Having produced this diagram, draw a parallel diagram showing the binding of oxygen to fetal hemoglobin, which is supplied with oxygen from the maternal blood supply in the placenta.  The parallel diagrams should reflect the energies of adult and fetal hemoglobin relative to each other.

12. Suppose you are treating a disease with an exogenous antibody that has both a greater retention time and a greater reaction time than native antibodies.  How would the system respond?

13. We showed in class how capillary electrophoresis can be used to measure the KD for two molecules when these two molecules are added to the capillary at the same time.  The next question is how to measure the relative binding of a test molecule X to multiple other molecules, A, B, C, and D at the same time.  A, B, C, and D do not bind to each other.  Molecule X, which is uncharged, is added to the driving buffer in the capillary, and thus is present throughout the entire capillary, always available to bind to A, B, C, and D.  Because it is uncharged, the concentration of X can be varied over a wide range in the capillary.  The CE electropherogram (the figure with the peaks) of A, B, C, and  D run without any X is shown below, along the capillary diagram showing the position of A, B, C, and D after injection into the capillary but before the voltage is applied.  Hypothesize on what will happen to the different peaks as a function of the concentration of X if X binds to the other molecules strongly, weakly, or not at all.  Explain the logic behind your answer.  
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