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Question 3

a) Cells present antigens on MHC I and MHC II molecules. The following table lists several
different antigen types, and two different cell types that will present the antigen.  For each box,
write I,   II,   BOTH, or   NEITHER to indicate which MHC molecule(s) the cell will use to present
the antigen in the question.

Antigen Macrophage Muscle cell

A viral protein produced by a virus that has infected the
cell.

A novel cancer protein produced within the cell.

A cytoplasmic protein normally found in the cell.

A protein from a phagocytosed bacterium.

A lipid from a phagocytosed bacterium.

b) It is known that during viral infections, viral proteins activate CD8+ T-cells via MHC I
complexes.  However, CD4+ T-cells are also activated.  Since CD4+ T-cells are being activated via
interactions with MHC II, what might be occurring to allow viral proteins to be expressed on
MHC II cells? MØs are phagocytosing viruses, or B cells

c) Patients with DiGeorge’s syndrome have a developmental abnormality that results in partial or
total lack of development of the thymus.  These patients are capable of handling bacterial
infections, but are very vulnerable to viral infections.  What types of immune cells are missing or
defective in these patients?  (Circle all correct answers.)

Neutrophils      Macrophages      CD4+ T-cells      CD8+ T-cells      B-cells      None

d) HIV selectively infects and destroys CD4+ T-cells.  While it is the CD8+ “Killer” T-cells that
destroy intracellular invaders, CD4+ “Helper” T-cells are required for Killer T-cell activation.
Which of the following effects would this have?  (Circle all correct answers.)

i) Increased bleeding time
ii) Reduced heat & swelling after an injury
iii) Increased vulnerability to bacterial infections
iv) Increased vulnerability to viral infections
v) Severe immunodeficiency:  needs to live in a germ-free bubble to survive
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Question 4

a) Our ability to recognize a wide range of antigens depends upon the generation of a wide variety
of immune receptors.  This occurs through a process called VDJ recombination, where different
combinations of DNA (the V, D, and J sequences) are shuffled to make random receptors.
Adenosine deaminase is an enzyme required in this process, without which functional immune
receptors cannot be created.  What cells would be absent or defective in a patient lacking a
functional adenosine deaminase?

B-cells      CD4+ Helper T-cells       CD8+ Killer T-cells   Macrophages      Mast Cells   Neutrophils None

Put a check in the appropriate boxes to indicate which immune receptor binds to which antigen or
antigen complex.

Antigen / Antigen Complex B-cell receptor
CD4 T-cell
receptor

CD8 T-cell
receptor

Free-floating antigens

Antigens presented by MHC I

Antigens presented by MHC II

b) The following figure shows a complete antibody protein, with two heavy chain peptides forming
a dimer in the inner part and two light chain peptides hanging on the outer part.

Light chains do not have a D segment.
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c) If there are 300 VL segments and 5 JL segments, how many different light chains can be
produced by VJ recombination?

d) If there are 200 VH segments, 15 DH segments, and 4 JH segments, how many different heavy
chains can be produced by VDJ recombination?

e) If the two heavy chains have to be the same, and the two light chains have to be same, but
their VDJ recombination is independent of each other, how many different antibodies can be
produced?

f) B-cell and T-cell immune receptors are produced by undergoing an analogous VDJ recombination
process to antibody production.  Each B-cell or T-cell the body makes has a unique immune
receptor.  Each immune cell expresses its unique receptor, and only its unique receptor because
of.... (Circle one.)

• A unique combination of transcription factors

• A unique change in the DNA coding for the receptor

• A unique way of translating the mRNA coding for the receptor

• All receptors are produced, but only the unique receptor gets expressed at the cell
surface

g) What happens to developing T-cells that express receptors that recognize self-antigens?

h) What happens to mature T-cells if they express receptors that recognize self-antigens?

i) What happens to mature T-cells that express receptors that recognize foreign antigens?
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A lipid from a phagocytosed bacterium. 
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c) Patients with DiGeorge’s syndrome have a developmental abnormality that results in partial or 
total lack of development of the thymus. These patients are capable of handling bacterial 
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a) Our ability to recognize a wide range of antigens depends upon the generation of a 
wide variety of immune receptors. This occurs through a process called VDJ 
recombination, where different combinations of DNA (the V, D, and J sequences) are 
shuffled to make random receptors. Adenosine deaminase is an enzyme required in this 
process, without which functional immune receptors cannot be created. What cells would 
be absent or defective in a patient lacking a functional adenosine deaminase? 

B-cells  CD4+ Helper T-cells CD8+ Killer T-cells  Macrophages Mast Cells  Neutrophils None 

Put a check in the appropriate boxes to indicate which immune receptor binds to which 
antigen or antigen complex. 

Antigen / Antigen Complex B-cell 
receptor 

CD4 T-cell 
receptor 

CD8 T-cell 
receptor 

Free-floating antigens √ 

Antigens presented by MHC I √ 

Antigens presented by MHC II √ 

b) The following figure shows a complete antibody protein, with two heavy chain peptides 
forming a dimer in the inner part and two light chain peptides hanging on the outer part. 

Light chains do not have a D segment. 
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c) If there are 300 VL segments and 5 JL segments, how many different light chains can 
be produced by VJ recombination? 

1500 
d) If there are 200 VH segments, 15 DH segments, and 4 JH segments, how many 
different heavy chains can be produced by VDJ recombination? 

12000 

e) If the two heavy chains have to be the same, and the two light chains have to be same, 
but their VDJ recombination is independent of each other, how many different 
antibodies can be produced? 

1500 X 12000 = 18,000,000 

f) B-cell and T-cell immune receptors are produced by undergoing an analogous VDJ 
recombination process to antibody production. Each B-cell or T-cell the body makes has a 
unique immune receptor. Each immune cell expresses its unique receptor, and only its 
unique receptor because of.... (Circle one.) 

•	 A unique combination of transcription factors 

•	 A unique change in the DNA coding for the receptor 

•	 A unique way of translating the mRNA coding for the receptor 

•	 All receptors are produced, but only the unique receptor gets expressed at the 
cell surface 

g) What happens to developing T-cells that express receptors that recognize self-
antigens? 

apoptosis 

h) What happens to mature T-cells if they express receptors that recognize self-
antigens? 

auto immunity or anergy 

i) What happens to mature T-cells that express receptors that recognize foreign 
antigens? 

attack invaders 
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