
Question 2  
Hemoglobin is the protein complex that carries oxygen around our bodies and distributes it to 
the organs and tissues. Sickle cell anemia is a disease that results from the presence of abnormal 
hemoglobin (HbS) in the red blood cells. In order to have the disease a person needs to have only 
HbS hemoglobin.  
 
Wild-type hemoglobin (HbA) is composed of 2 α and 2 β polypeptides. The α and β 
polypeptidesare approximately the same length, and are very similar in their primary structure. 
  
a) • If you run HbA on a denaturing gel, how many bands are you likely to see? Why?  
When mutant HbS and wild-type HbA hemoglobin molecules are analyzed on a denaturing gel, 
they produce identical patterns.  
 
b) • What is the likely defect in the HbS? Why?  
 
At low concentrations of O2 HbS forms rigid rod-like complexes in the cell. These 
complexesdeform the red blood cells from saucer shape to sickle-like shape. These rigid, sickle-
like cells canget stuck in the small blood vessels and cause damage.  
The β-subunit of HbS has the amino acid valine in position 6, where the wild-type molecule has 
aglutamic acid.  
 
At normal oxygen concentrations, the overall shape of the β-subunit and the entire• hemoglobin 
molecule remains unaffected by the substitution.•  
 
At low concentrations of O2, the Val6 on one β-subunit interacts with two amino acids on a β-
subunit of another hemoglobin molecule.  
 
c) What level(s) of protein structure of the β-subunit is (are) affected by the substitution at normal 
oxygen concentrations? Why?  
 
d) What level(s) of protein structure of the β-subunit is (are) affected by the substitution at low 
oxygen concentrations? Why?  
 
At low concentrations of O2 the Val6 on the mutant β-subunit interacts with a surface pocket 
made up of amino acids Phe85 and Leu88. This pocket is found on both wildtype and mutant β-
subunits.  
 
e) What is the strongest interaction involved in this binding event?  
 
f) This pocket is found on both wild-type and mutant β-subunits. Explain why (at 
lowconcentrations of O2) hemogloblin containing only mutant β-subunits forms long rods yet 
hemogloblin containing wild-type β-subunits does not.  
 
g) The hemoglobin of a person who has both HbA and HbS does not form long rods and thus 
does not exhibit sickle-cell symptoms. Explain in terms of molecular interactions why the 
redblood cells of such a person are not deformed.  
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abnormalhemoglobin (HbS) in the red blood cells. In order to have the disease a person needs to 
have only HbS hemoglobin.  
 
Wild-type hemoglobin (HbA) is composed of 2 α and 2 β subunits. The α and β polypeptides are 
approximately the same length, and are very similar in their primary structure.  
a) If you run HbA on a denaturing gel, how many bands are you likely to see? Why?  
 
You are most likely to only see one band, since on the denaturing gel the small difference in size 
between the α and β subunits (4 amino acids) is unlikely to be detected. However, it is possible to use a 
set of conditions that would differentiate between bands 4 amino acids apart. If these conditions are 
used, you will see two bands.  
 
When mutant HbS and wild-type HbA hemoglobin molecules are analyzed on a denaturing gel, 
they produce identical patterns.  
b) What is the likely defect in the HbS? Why?  
 
If the patterns are identical, then the problem with the mutant protein is not due to the loss or gain of a 
major portion of a protein. Therefore, the likely defect in HbS is an amino acid substitution. 
 
At low concentrations of O2 HbS forms rigid rod-like complexes in the cell. These complexes 
deform the red blood cells from saucer shape to sickle-like shape. These rigid, sickle-like cells can 
get stuck inthe small blood vessels and cause damage.  
 
The β-subunit of HbS has amino acid valine in position 6, where the wild-type molecule has 
aglutamic acid.  
 
At normal oxygen concentrations, the overall shape of the β-subunit and the entirehemoglobin 
molecule remains unaffected by the substitution. 
 
At low concentrations of O2, the Val6 on one β-subunit interacts with two amino acids on a β-
subunit of another hemoglobin molecule.  
 
c) What level(s) of protein structure of the β-subunit is (are) affected by the substitution at normal 
oxygen concentrations? Why?  
 
At normal oxygen concentrations, the shape of the mutant subunit and the entire molecule are 
unaffected by the substitutions. Thus, only the primary structure of the β-subunit is affected. Since 
valine and glutamic acid have different shapes, it could also be said that there is a small local effect on 
the tertiary structure.  
 
d) What level(s) of protein structure of the β-subunit is (are) affected by the substitution at low 
oxygen concentrations? Why?  
 
At low oxygen concentrations, primary structure is affected, as above. However, a mutant subunit is 



involved in additional inter-molecular interaction, so the quarternary structure is affected as well.  
At low concentrations of O2, the Val6 on the mutant _-subunit interacts with a surface pocket 
made up of amino acids Phe85 and Leu88. This pocket is found on both wild type and mutant β-
subunits.  
 
e) What is the strongest interaction involved in this binding event?  
 
Phenylalanin, leucine, and valine are all hydrophobic residues, so the strongest interaction is 
hydrophobic interaction.  
  
f) This pocket is found on both wild-type and mutant β-subunits. Explain why (at 
lowconcentrations of O2) hemoglobin containing only mutant β-subunits forms long rods yet  
hemoglobin containing wild-type β-subunits does not.  
 
If we consider three molecules of HbS, A, B, and C. Val6 of molecule A can bind Phe85 and Leu88 of 
molecule B, while Val6 of molecule B can bind Phe85 and Leu88 of molecule C. We can see by extension 
that HbS can form long chains with these interactions. Wild-type β-subunits can provide a Phe85, Leu 
88 pocket for binding with mutant subunits, but they do not have Val6 and can not bind the next 
subunit to form a chain. Therefore, incorporating a wild-type subunit into a growing chain terminates 
the chain. HbA can not aggregate at all.  
 
g) A person who has both HbA and HbS is a carrier of the disease, but does not exhibit symptoms.  
Please explain in terms of molecular interactions why a carrier does not exhibit symptoms of the  
disease.  
 
A carrier has both wild-type and mutant β-subunits, and, therefore, has both HbA and HbS, as well as 
molecules containing one wild-type and one mutant β-subunit. As discussed above, whenever a 
hemoglobin molecule gets incorporated into a growing chain via the hydrophobic pocket on a wild-
type subunit, the chain terminates. With both types of β-subunit in the red blood cells, the probability 
of forming a sufficient number of long enough chains to actually deform the cell and cause the person 
to exhibit symptoms of the disease is low. 




