
Question 1, continued 
Part B 
The virus which causes AIDS (acquired immune deficiency syndrome) is called HIV (human
immunodeficiency virus). HIV is a retrovirus, and its genome is a single RNA strand . Two copies
of this RNA genome are packaged with two copies of the retroviral enzyme, reverse transcriptase, 
within a protein capsid. 
a) For HIV infection to occur, a surface protein on the virus must interact with a surface protein on 
the cell. HIV specifically infects the helper T cells of the human immune system. Give one 
explanation for how HIV infection is specific for helper T cells. 

b) Once infection has taken place, the RNA genome has to be made into double-stranded DNA. 
This process is mediated by reverse transcriptase.  Once a double-stranded DNA copy of the HIV 
genome has been made, it is integrated into the host cell genome.  The integration event is 
mediated by an enzyme, integrase. 

i) What are the three steps required to produce double-stranded DNA from the single strand 
RNA genome? 

ii) Given that these three steps are all performed by reverse transcriptase, what are three 
enzymatic activities that reverse transcriptase must possess? 

RNA Proteiniii) The central dogma states that: DNA Which one of the enzymatic 
activities possessed by reverse transcriptase goes against the central dogma?  Explain your 
answer. 

The drug most widely used to combat AIDS is Azidothymidine (AZT). AZT is very similar to
thymidine, except that the 3' hydroxyl (OH) group on the deoxyribose ring has been replaced by an 
azido (N3) group. 

c) Which process of the life cycle of the HIV do you think is inhibited by AZT? 

d) What side effects, if any, do you expect from AZT treatment? 

e) AZT-resistant forms of HIV have been isolated.  These mutant viruses have mutations in one of 
the viral genes.  In which viral gene do you think are the mutations most likely to be found?  Why? 
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immunodeficiency virus). HIV is a retrovirus, and its genome is a single RNA strand.  Two copies of 
this RNA genome are packaged with two copies of the retroviral enzyme, reverse transcriptase, 
within a protein capsid. 

a) For HIV infection to occur, a surface protein on the virus must interact with a surface protein on 
the cell. HIV specifically infects the helper T cells of the human immune system.  Give one reason that 
HIV infection is specific for helper T cells. 
A viral protein on the surface of the HIV particle binds to a protein that is only found on helper T cells. 
b) Once infection has taken place, the RNA genome has to be made into double-stranded DNA. This 
process is mediated by reverse transcriptase. Once a double-stranded DNA copy of the HIV genome 
has been made, it is integrated into the host cell genome.  The integration event is mediated by an 
enzyme, integrase. 

      i) What are the three steps required to produce double-stranded DNA from the single strand RNA 
genome? 
1. Synthesis of the complementary strand of DNA using the single strand RNA genome as the template. 
2. Degradation of the single (+) strand RNA template. 
3. Synthesis of the complementary strand of DNA using the single strand of DNA as the template to form 

double-stranded DNA. 

RNA Proteinii) The central dogma states that: DNA Which one of the enzymatic 
     activities possessed by reverse transcriptase goes against the central dogma?  Explain your answer. 
     The RNA-directed DNA polymerase activity used to synthesize a single strand of DNA from a single strand     

RNA template. The central dogma states that only DNA can act as the template for DNA synthesis (in 
replication), and that only DNA acts as the template for RNA synthesis (in transcription). 

The drug most widely used to combat AIDS is Azidothymidine (AZT).  AZT is very similar to 
thymidine, except that the 3' hydroxyl (OH) group on the deoxyribose ring has been replaced by an 
azido (N3) group. 

c) Which process of the life cycle of the HIV do you think is inhibited by AZT? 
As an analog of thymidine, AZT interferse with the synthesis of DNA. HIV reverse transcriptase incorporates 
AZT instead of thymidine into the growing DNA and it blocks further chain elongation because there is no  3' 
OH group. 
d) What side effects, if any, do you expect from AZT treatment? 
While AZT will inhibit DNA synthesis mediated by reverse transcriptase, it will also inhibit DNA synthesis in 
other cells and thus kill cells that are actively dividing (e.g. red blood cell precursors, skin cells, etc. However, 
HIV reverse transcriptase prefers to use AZT over thymidine while host cell DNA polymerase prefers 
thymidine over AZT. Therefore, AZT may be used at concentrations that inhibit HIV replication but are not 
yet toxic to host cell polymerases. 
e) AZT-resistant forms of HIV have been isolated. These mutant viruses have mutations in one of the 
viral genes. In which viral gene do you think are the mutations most likely to be found?  Why? 
The mutations are most likely to be in the viral gene coding for reverse transcriptase (the pol gene) because 
mutations in this gene may directly cause the mutated reverse transcriptase not to prefer AZT during 
replication and thus become resistant to AZT. 
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