
Question 4 

Recall (from problem set 1) that 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. Recall also that a carrier of the disease is a person who has both HbS 
and HbA (wild-type hemoglobin) in their red blood cells. 

Suppose a colleague at your lab created some human stem cell lines from adult human carriers of 
sickle cell disease. As it happened, she left a dish with some of these cells in a hood where you were 
performing your UV mutagenesis experiments on yeast. 

Later she told you that, strangely, when she coaxed those cells to differentiate into red blood cells 
(RBCs) and placed these new RBCs into low O2 environment, some cells assumed rigid sickle-like 
shapes. 

a) Do you think that appearance of the sickle-like cells is related to your colleague leaving the dish 
in the hood? If yes, how? If no, what caused this phenomenon? 

b) Is the DNA in the sickle-like cells different from that in the normal-shape cells? If so, how is it 
different? If not, explain why not. 

c) Is the protein content of the sickle-like cells different from that in the normal-shape cells? If so, 
how is it different? If not, explain why not. 

d) Are your answers to parts b and c related? If yes, how are they related? If no, explain why they 
are not related. 

6




Question 4 

Recall (from problem set 1) that 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. Recall also that a carrier of the disease is a person who has both HbS 
and HbA (wild-type hemoglobin) in their red blood cells. 

Suppose a colleague at your lab created some human stem cell lines from adult human carriers of 
sickle cell disease. As it happened, she left a dish with some of these cells in a hood where you were 
performing your UV mutagenesis experiments on yeast. 

Later she told you that, strangely, when she coaxed those cells to differentiate into red blood cells 
(RBCs) and placed these new RBCs into low O2 environment, some cells assumed rigid sickle-like 
shapes. 

a) Do you think that appearance of the sickle-like cells is related to your colleague leaving the dish 
in the hood? If yes, how? If no, what caused this phenomenon? 

UV light is a mutagen. Leaving the dish of stem cells in the hood exposed to UV light likely caused mutations 
in at least some of the individual cells. Because some of these cells developed into RBCs that behave as if they 
only have HbS hemoglobin, it is logical to conclude that the stem cells from which these particular RBCs came 
suffered a mutation is the copy of the gene for β-subunit that coded for the wild-type subunit. As a result, no 
HbA hemoglobin was produced in those cells, and all the hemoglobin produced was HbS. 

b) Is the DNA in the sickle-like cells different from that in the normal-shape cells? If so, how is it 
different? If not, explain why not. 

Actually, RBCs do not have a nucleus, and therefore, have no DNA. But the stem cells that differentiated into 
the sickle-like cells had to only have genes encoding for the formation of HbS while the stem cells that 
differentiated into normal-shaped cells must have had genes encoding for both the HbS and HbA variants. 

c) Is the protein content of the sickle-like cells different from that in the normal-shape cells? If so, 
how is it different? If not, explain why not. 

Yes, sickle-like cells must contain only HbS, while normal-shaped cells in general must contain HbA, and 
may contain some HbS. Because the stem cells in this experiment came from carriers of sickle-cell disease, the 
normal-shape RBCs must also contain some HbS. 

d) Are your answers to parts b and c related? If yes, how are they related? If no, explain why they 
are not related. 

The stem cells in the dish all had the same versions of the genes. Because they came from carriers of sickle-cell 
anemia, they had one copy of a gene encoding wild-type β-subunit, leading to formation of HbA, and another 
that encoded a mutant β-subunit, leading to formation of HbS. If they were not exposed to a mutagen, they 
would likely all differentiate into RBCs that retained their normal shape even at low levels of O2. 
After being exposed to UV, some of the cells underwent mutations, and in some number of these cells the 
mutations occurred in the wild-type copy of the β-subunit. Those mutations altered the gene sequence, such 
that the mutated sequence now coded for a β-subunit that leads to the formation of HbS, instead of HbA. 
As a result, the RBCs differentiated from such a stem cell would contain only HbS, and would become 
deformed into the sickle-like shape if exposed to low levels of O2. 
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The stem cells that did not undergo a mutation in the β-subunit gene would differentiate into RBCs that 
retained normal shape even at low levels of O2 because they contain both HbS and HbA. 
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