
Viruses—Online Lecture Solutions

Section 1:

1. The viral capsid is a sort of “nucleus” within the virion in the sense that it contains the virus's nucleic 
acid—in the case of HIV, that nucleic acid is RNA. (A virion is a virus particle.) Therefore, the capsid 
is sometimes called a “nucleocapsid.” However, the capsid should not be understood as real nucleus 
because it is not made out of the same stuff as a nucleus is. (See the answer to the next question.) The 
viral envelope is a membrane, derived from the membrane of the host cell that produced the virion, 
which surrounds the capsid and other viral proteins.

2. The capsid is a complex of proteins. The envelope is derived from the host cell's membrane and is 
made out of the same stuff, namely the phospholipid bilayer with embedded proteins.

3. GP 120 is one of these proteins embedded in the viral envelope. It spans the membrane and projects to 
the outside of the virion.

4. Virologists do, in fact, characterize HIV as diploid since it carries two RNA strands with precisely the 
same genes on them.

Section 2:

1. HIV binds to cluster differentiation protein 4 (CD4) and a co-receptor, either CCR5 or CXCR4.

2. The HIV protein that binds to CD4 and co-receptor is GP-120.

3. A mutation in CCR5 renders a person highly resistant to HIV infection. In order to successfully infect a 
cell, HIV requires both CD4 and CCR5 or CXCR4. A person who does not express CCR5 on the 
surface of their cells therefore has many fewer cells that can be infected by HIV. 

4. Human T-lymphocytes of a type called “helper-T” lymphocytes express both CD4 and CXCR4. The 
other cell types—macrophages and dendritic cells—express CD4 and CCR5. Very few other cell types 
express both CD4 and either CCR5 and CXCR4. As we saw in the previous question, HIV requires 
both CD4 and one of the two co-receptors. Therefore, only cell types that express both—those listed in 
the question—are susceptible to HIV infection.

These two observations—the answers to questions 3 and 4 in this section—lead to another interesting 
result. HIV typically  infects macrophages and dendritic cells before it attacks any other cell type, 
including helper-T lymphocytes. So, although a person with a CCR5 mutation still has susceptible T 
lymphocytes (because they still have CXCR4 on their lymphocytes), they are apparently protected from 
infection because HIV rarely establishes itself in lymphocytes before macrophages.

Section 3:

1. HIV has RNA, not DNA, inside its capsid. After HIV binds to the cell it will infect, its RNA is released 
into the cell cytosol. There, the viral enzyme called reverse transcriptase copies the RNA into DNA. 
Now the viral genes are in the form of DNA, but they are still in the cytosol. The viral DNA is then 
moved into the host cell's nucleus where another viral enzyme called integrase inserts them into one of 
the host cell's chromosomes.

2. Remember from unit 2 that the ultimate source of evolutionary innovation is mutation. In the video, the 
speaker notes that reverse transcriptase is “sloppy.” That is, it does not copy the viral RNA into DNA 
particularly accurately. HIV therefore mutates with a high frequency, which means it develops 
evolutionary innovations very often. Some of those innovations include resistance to any particular 
drug or vaccine that we have ever developed. That's one of the main reasons why our current best 



treatment for HIV—namely, highly active antiretroviral treatment, or HAART—is designed to force 
the virus to evolve in certain ways that keep it susceptible to the drugs. Even then, we still cannot 
eradicate it; HAART is not a cure, only a treatment.

3. A drug that inhibited integrase would have no effect on production of viral DNA because it acts only 
after the viral RNA has been copied into DNA. (See the answer to question 1 of this section.) 
However, if integrase were blocked, the viral DNA would never be integrated into the host's 
chromosome, so it would never be transcribed or translated. Therefore, it would be an effective way to 
treat HIV (until HIV evolved a mechanism to resist it).

4. Here are the steps in the process:
Step 1) Inside the nucleus, the viral DNA genes are transcribed into mRNA, just like normal 

genes of the host cell.
Step 2) The viral mRNA leaves the nucleus, assembles a ribosome and moves to the endoplasmic 

reticulum (ER). Would this be the rough ER or the smooth ER? (You should be able to 
answer that question from the information you already had in class.)

Step 3) The viral mRNA is translated, making the viral protein (GP-120, or parts of it anyway). 
The protein is pushed into the interior (lumen) of the ER as it is being built.

Step 4) The ER packages the protein into a vesicle, which leaves the ER and moves to the Golgi 
body.

Step 5) The Golgi body processes the protein, concentrates it with other proteins and inserts it 
into a membrane. 

Step 6) The Golgi produces another vesicle that contains the protein embedded in its membrane 
facing the interior of the vesicle.

Step 7) The vesicle moves to the inner surface of the cell membrane and fuses with it. It's like a 
small soap bubble inside a larger one. The small bubble touches the inside of the larger 
one and poof!—it becomes part of the larger one. But, anything inside the small bubble 
would be released to the outside of the larger bubble. (Can you see that in your head?) So 
the viral protein, which was projecting toward the inside of the vesicle, is now projecting 
to the outside of the cell.

5. HIV is completely different from bacterial viruses. It does not cause the host cell to explode. Rather, 
the host cell constructs new viruses that have no envelope, and these new viruses move to the inside of 
the cell membrane where the envelope proteins have clustered (see answer to previous question). 
There they “bud” out of the cell through a process that is essentially the opposite of endocytosis. When 
they leave, they take a small island of cell membrane that contains the envelope proteins with them, 
which gives rise to the viral envelope.

6. When HIV first buds out of the cell, it is immature in the sense that a number of proteins that it needs 
to be infectious, including both reverse transcriptase and integrase, are all connected together in 
something called a polyprotein. Before the virus can mature, an enzyme called protease must chop 
this polyprotein into its functional parts. That maturation process does not happen immediately.

Bonus Section:

NOTE: I refer to this as a bonus section because you may see a bonus question about it on the exam.

1) AZT is very similar to the nucleotide on which thymine is the base.

2) AZT, if its effective, inhibits the enzyme reverse transcriptase. In particular, because it looks so much 
like T, when reverse transcriptase tries to build DNA from the viral RNA, it will sometimes use AZT 
instead of T. But, AZT will not bind to any other nucleotide, so the DNA construction (reverse 
transcription) stops and the viral DNA strand ends up truncated and non-functional. Since the DNA is 



non-functional, not all viral genes will be transcribed or translated, so new viruses cannot be built. If 
they can't be built, they can't leave the cell.

3) See the answer to question 2 in section 3 above—the virus always evolves resistance to the drug.

4) Ritonavir would have no effect on HIV's ability to leave the host cell. It acts after that event has 
already occurred.

5) Ritonivir is a protease inhibitor, so HIV would never mature and would therefore remain uninfectious. 
(See the answer to question 6 in section 3 above.)

6) Mutations in the protease gene make HIV resistant to Ritonivir. This drug works by binding to 
protease and keeping it from working. But sometimes the protease gene mutates and produces a 
version of protease that still works, but will not bind to Ritonivir, so the drug has no effect on the 
mutant protein.


