CHEM6101/8101

HOMEWORK NUMBER 5  
 Fall 2007
Review for Proteins/Quaternary Structure and Allostery Chaps. 6 and 7  of Matthews and Van Holde.  For those who wish to work more problems, recommended textbook end of chapter questions for Chapter 6 #1,3,4,7, 12, 13 & 15 and for Chapter 7 #2,3, 8, 9. 
1. The conformation of a peptide bond can be described by plotting a Ramachandran map, in which the ( and (  torsion angles are plotted against one another.

a) What are the definitions of the ( and ( torsion angles?

b)  Draw a Ramachandran map, showing the approximate locations of the following conformations:   alpha helix (right-handed), beta sheet (parallel), the individual chains of the collagen triple helix

c) Speculate on why valine and isoleucine conformations are more restricted than some other residues and conversely, why glycine is not so restricted. 

2. What are the non-covalent forces that stabilize the (-helix conformation of the peptide backbone? 

3. What are the non-covalent forces that stabilize the (-sheet conformation of the peptide backbone? (-strand?
4.  Go through the “hemoglobin tutorial” linked on our CHEM6101/8101 homepage or (http://www.umass.edu/microbio/chime/hemoglob/2frmcont.htm). Follow the tutorial section on sickle cell hemoglobin to answer the following questions:

(a) What amino acid residue(s) is altered in sickle cell hemoglobin?

(b) How does this change affect the structure of hemoglobin? Describe it in terms of the hydrophobic effect.

(c) What is the evolutionary advantage of the sickle cell hemoglobin mutation(s)?

5. Fetal hemoglobin has two ( subunits replacing the two ( subunits of hemoglobin A.  The ( chains have a serine in one position where the ( chains have a histidine, in a region next to the central cavity of hemoglobin. 

(a) Does fetal hemoglobin bind oxygen more tightly or less tightly than hemoglobin A?

(b) How does this amino acid substitution account for the different binding affinity of fetal hemoglobin?

6. Answer the following questions on the effect of [H+] on hemoglobin, Hb, structure:

(a) Which amino acid residue(s) are affected by placing Hb in an acidic environment? 

(b) How does protonation of this(ese) residue(s) affect the structure of Hb?

(c) Sketch the O2 binding (saturation) curve for Hb (be sure to correctly label the axes). Show how this curve changes with decreasing pH.

(d) What is the name for this effect? 

(e) On the same plot, sketch the saturation curve for myoglobin, Mb. Is O2 binding to Mb affected by a change in pH? Why or why not?

7. How is CO2 transported in the circulatory system?
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