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CHEM6101/8101

HOMEWORK NUMBER 6
Review for Proteins/Quaternary Structure and Allostery 
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a)	His146 on the C-terminus of the ( chain will form a salt bridge with Asp 94 in the same chain, but only if Hb is in the deoxy conformation.  Also the N-terminal amino


groups of the ( chains.			       


  c) 








b) Protons associated with these residues favor, or 


stabilize, the deoxy conformation and thereby 


promoting the release of oxygen.




















d) the Bohr effect.





e) O2 binding to Mb is not affected by a change in pH because Mb has only one conformation and protonation does not change the O2 binding constant for that conformation.








7. 


CO2   ( H2CO3  (  HCO3- + H+


In the tissues, as they respire, CO2 is converted to carbonic acid, H2CO3 via an enzymatic process (carbonic anhydrase). H2CO3  is a weak acid and can dissociate to form HCO3- (bicarbonate) and a proton (H+). Release of protons decreases the pH and contributes to the Bohr effect whereby proton binding to a HIS (146) in the C-termini contributes to stabilization of the DEOXY state of Hb and further release of O2. 





Some of the bicarbonate binds to the 4 N-terminal amino groups on Hb forming carbamates. The rest travels through the blood stream. 





In the lungs, where [O2] is high, reversal of the Bohr effect occurs favoring the OXY conformational state of Hb, release of carbamates, reassociation of bicarbonate with protons and conversion of H2CO3 to CO2 and H2O where CO2 is expired further driving the equilibrium to this direction.











HO-C-O-   +  :NH2- amino termini  ( amino terminii-NH-C-OH   (carbamate)





 


H-bonds between amide C=O in one (-strand and the amide NH of an adjacent (-strand


Vanderwaals packing between peptide backbone atoms N, H, C, and C( atoms. (exclusion of water) between (-strands.


(-strand is not stabilized by non-covalent interactions UNLESS involved in formation of (-sheet structures
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a)  More tightly.  Fetal Hb must bind O2 more tightly in order to extract it from mother’s Hb. 


b) Replacing His with a Ser eliminates a positive charge in HB that was previously involved in charge-charge attractive force with negatively charged BPG. BPG binding lowers O2 affinity for the heme allosterically by stabilizing the deoxy conformation. Fetal Hb has a lower affinity for BPG (oxy conformation of fetal Hb is more stable.








 


a) valine replaces glutamate at position 6 on the surface of the beta chain


b) This creates a new hydrophobic spot on each surface of sickle cell Hb’s two beta chains. When exposed to the aqueous solvent, water will form clathrate structures around these spots. These spots, however, can interact with other hydrophobic spots or patches that already exist on the surface of another hemoglobin molecule which is in the deoxy conformation. This intermolecular association will exclude the water which will be released from their caged structures and entropically drive the formation of an intermolecular aggregation.  


Aside: “The polymerized hemoglobin distorts red blood cells into an abnormal sickle shape. Heterozygotes have a mixture of normal hemoglobin A and mutant hemoglobin S. The hemoglobin A stops polymerization, preventing serious sickling.  The pure hemoglobin S in homozygotes polymerizes to a greater degree. Red cells lyse in homozygotes, producing the disease 'sickle cell anemia'”.


c) “Sickle hemoglobin, even in heterozygotes, confers resistance to one type of malaria. Through evolution, this selective advantage has led to a 40% incidence of sickle hemoglobin in some regions of Africa where malaria is endemic”. 








   


H-bonds between amide C=O of the ith residue and the amide NH of the i+4th residue


Vanderwaals packing down center of helix among peptide backbone atoms N, H, C, and C( atoms. (exclusion of water)


 Formation of helix dipole





  


(   Rotation about N─C(						b)


				


(  Rotation about C(─ C- 





c) 
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collagen helix is left-handed 3.3 residues/turn





valine and isoleucine side chains are quite bulky (will present significant steric hindrance to many of the otherwise possible peptide backbone conformations. The much less bulky glycine (-H) side chain will not sterically disallow nearly as many conformations as any of the other more bulky AA would.
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