
MCD Level 1 Exam 2012        
Part 1  General Essay/Short Answer: This section of the exam is worth 60% of the 
entire grade. (answer any four of the next six questions- do not answer all six- only answer four). 
Please use full sentences to answer the questions. When a short answer will do please do not 
write an essay. When asked to “describe”, “discuss”, or “detail”, a short essay is required. 
 
1. Human cells possess a finite replicative life span due to a process called senescence (also 
termed the “Hayflick limit”), a known tumor-suppressive mechanism. Based on your assigned 
readings, explain: 

A) what causes senescence? Describe the molecular processes involved as well as the 
known pathways leading to this irreversible cell cycle arrest. (4 points) 

 
B) senescence is often termed “M1”, and can be followed by 

  another stage called “M2” (crisis). What constitutes crisis in this context? (4 points) 
 

C)  tumor cells are immortal in culture. Which activity confers immortality to tumor cells, 
allowing for the bypass of both M1 and M2? 
How does this allow for the bypass of M1, and why is senescence not induced? 
How does this allow the bypass of M2, and why is crisis not occurring? (4 points) 

 
D) discuss the importance of M1 and M2 in the context of cellular transformation, and 
whether targeting these steps could be effective cancer therapeutic strategies. (3 points) 

  
2. Discuss the Golgi apparatus.  

A) What is its role? (1.5 points)  
 
B) Describe how the Cisternal Maturation model proposes that proteins move through the 
Golgi and how enzymes are retained in the proper compartments.  (4.5 points) 

 
C) Discuss the Rapid Partitioning model and its strengths and weaknesses in describing 
protein movement through the Golgi. (3 points) 

 
D) What have congenital disorders of glycosylation (CDG) taught us about Golgi function?  
(3 points) 
 
E) Discuss 2 problems that are left to be solved to understand the functioning of this 
organelle. (3 points) 

  
 
3. Many molecular biology techniques rely on antibodies to detect specific proteins in cells 
(immunofluorescence microscopy) or biochemical lysates (western blots) or to detect interactions 
between proteins (co-immunoprecipitation).  

A)  In 1992 Harris and colleagues described the structure of an IgG2a monoclonal antibody 
(Harris, L.J., et al. Nature 360, 369-372 (1992)). Describe the composition and three-
dimensional structure of a typical antibody and relate this to antibody specificity. (4.5 points) 

 
B)  Describe and contrast between monoclonal and polyclonal antibodies. (3 points) 

 
C)  In 1984 Köhler and Milstein shared the Nobel Prize in Medicine for developing a method 
for producing monoclonal antibodies in cell culture. Their work is described in Köhler, G. and 
Milstein, C. Nature 256, 495-497 (1975). Suppose you are characterizing a novel protein 



and want to generate monoclonal antibodies for use as a research tool. Describe the steps 
you would take to produce monoclonal antibodies for your research (assume you have a 
sufficient quantity of purified protein). (7.5 points) 

 
 
4. Developmental Critical Period: 
 

A) What is a developmental critical period? (5 points) 
 

B) Give three examples, including brief descriptions of the variables manipulated by 
researchers in this field (for example, how could one test for the presence of a critical period?) (5 
(points) 

 
C) What developmental changes might be responsible for the end of a critical period? 

Please discuss the phenomenology, by using well-known examples. (5 points) 
 
 

 
5. Blood and blood vessels provide a number of important functions including oxygen transport, 
blood pH regulation, waste removal, and delivery of nutrients. Angiogenesis is described as the 
development of new blood vessels from pre-existing blood vessels and is a process essential, and 
regulated, during a number of physiological events such as organogenesis and wound healing. 
During the “Angiogenic Switch” tumors co-opt the mechanisms that drive angiogenesis by 
secreting a number of pro-angiogenic factors that bind to receptor tyrosine kinases on distant 
endothelial cells. Once bound a signaling cascade is initiated that promotes a number of 
endothelial processes including invasion, migration and tubulogenesis all leading to the 
vascularization of tumor tissue and subsequent tumor growth. An important angiogenic molecule 
secreted by tumor cells is VEGF (Vascular Endothelial Growth Factor-A), however other factors 
and signaling molecules must be considered when defining the mechanisms of VEGF-induced 
tumor angiogenesis. 
 

A) Receptor binding of VEGF elicits a number of signaling cascades in endothelial cells that 
ultimately lead to angiogenesis. Describe in detail two of these cascades starting from the 
ligand binding to the receptor and ending in a process that promotes an aspect of 
angiogenesis (8 points). 
 

B) The “Angiogenic Switch” is regulated by a number of mechanisms one of which involves 
hypoxia (low oxygen) induced transcription of VEGF. Detail the mechanism of this hypoxia-
induced up-regulation of VEGF transcript (7 points). 

 



6. In Libina et al. the authors describe how signaling between tissues coordinates the physiology of 
aging. They use the animal C. elegans to determine the major anatomical focus for daf-16 activity 
in daf-2 long-lived mutants.  

 
A) Please answer the general questions below:  

 
 

i. Describe the objective of mosaic experiments (3 points). 
 

ii. Please describe the types of mutations in the insulin?IGF-1 pathway that influence lifespan. 
(3 points) 
 

iii. What is the major anatomical focus for daf-16 in daf-2 long-lived mutants? (3 points) 
 

iv. What is the biochemical function of daf-16? (2 points) 
 

v. Is the anatomical focus of daf-16 activity in daf-2 dauers different to that of daf-16 in daf-2 
long-lived mutant animals? (2 points) 

 
vi. How could multiple tissues ensure coordinated aging of the entire organism? (2 points) 

 
 



Part 2A   Experimental Design: This section of the exam is worth 20% of the total grade. 
 (answer either question 7 or question 8-do not answer both) 
 
 
7. You are interested in using Dictyostelium discoideum to discover new genes involved in host 
susceptibility to a pathogenic strain of Pseudomonas aeruginosa, which can cause skin infections, 
pneumonia and septic shock.  Dictyostelium cells can grow on non-pathogenic strains, but are 
unable to grow on pathogenic strains. In the experiment you will design Dictyostelium cells are the 
host. 
 

A. How would you set up a genetic screen to identify host susceptibility genes, and what 
phenotype(s) would you look for?  (5 points) 
 

B. Once mutants were found, what control experiment would you do to ensure that the effects 
are specific to P. aeruginosa susceptibility? (5 points) 

 
C. You identify 3 new genes PseA, PseB and PseC that have specific roles in susceptibility to 

P. aeruginosa.  Propose an experiment to determine whether these mutants have altered 
intracellular killing of P. aeruginosa. (5 points) 

 
D. Draw and propose one outcome for this result. The result may take the form of graph that 

plots the results of a mutant that confers increased Dictyostelium killing ability as compared 
to mutant with decreased Dictyostelium killing ability. Include a control. (5 points) 

 
 
  
8. The aging brain is subject to a variety of neurodegenerative diseases. Parkinson disease is one 
of the diseases affecting about 4% of the human population older than 60 years. The disease 
manifests itself in muscular rigidity and slowness of movement. Postmortem analysis of the brain 
of these patients indicates the occurrence of protein aggregates in the neurons of the substantia 
nigra brain region. 
 
Based on your assigned readings: 
 

A) Design an experiment that would allow you to establish the identity of the proteins in those 
aggregates. (5 points) 
 

B) Based on the answer to question 1, develop a theory for the causes of aggregate formation 
and design an experiment to test this theory. (5 points) 

 
C) Design experimental strategies to prevent the aggregate formation in the neurons of these 

patients. Test your theory using one model system. (10 points) 



Part 2B Data Interpretation: This section of the exam is worth 20% of the entire grade.
 (answer either question 9 or question 10- do not answer both) 

 
 
 
 
9. You are studying the regulation of two genes (gene “X” and gene “Y”).  Both of these genes 
seem to be inactive in un-stimulated cells.  However, both of these genes produce large amounts 
of transcript after cell stimulation with factor “Z”.  You are interested in understanding how factor C 
causes this strong activation of genes X and Y transcript production.  
 
Chromatin immuno-precipitation is employed to study the state of the two gene loci (X and Y) in 
the presence and absence of factor Z.  The following data is obtained: 
 
Cells BEFORE factor Z treatment  Cells AFTER factor Z treatment 
 
Gene H3K4me3 H3K36me3  Gene H3K4me3 H3K36me3  
 
X negative negative  X positive positive 
 
Y positive negative  Y positive positive 
 
Negative means not detected at the gene locus.  Positive means readily detected at the gene locus 
 
 
Please answer the following: 
 
A.  Please briefly explain what “H3K4me3” and “H3K36me3” refer to and what their presence at a 
gene locus is thought to signify. (4 points) 
 
 
B.   What is your interpretation of the data with respect to the mechanism by which factor Z 
activates transcript production from gene X?  (4 points) 
 
C.  Please describe what other molecular evidence you would expect to find at the gene X locus 
that would support your initial interpretation (described in part B) from the above data. (4 points) 
 
 
D. What is your interpretation of the data with respect to the mechanism by which factor Z 
activates transcript production from gene Y?  (4 points) 
 
E.  Please describe what other molecular evidence you would expect to find at the gene Y locus 
that would support your initial interpretation (described in part D) from the above data. (4 points) 
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10. The data presented below from Figures 4 and 5 (Van Buskirk and Shupbach, 2002) provided 
evidence for a role for half pint (hfp) in RNA splicing. Please review and interpret the data in the 
figures below and answer the following questions. 
 

1. Figure 4A-C shows the results of RT-PCR reactions designed to determine if hfp is required 
for splicing of the gurken (grk) transcript. 

a. Please describe the assay. (4 points) 
 

b. What can be concluded from the results shown in Figure 4B as to a role for hfp in 
splicing of grk?  What additional information was obtained using a primer from the 
third exon instead of the first (results shown in Figure 4C)? (6 points) 

 
2. Figure 5 shows the results of experiments designed to elucidate the role of hfp in regulating 

the splicing of otu and eIF4E in ovaries. 
a. Why was it important for the authors to look at both previtellarial and vitellarial stages 

of oogenesis for otu but not eIF4E? (4 points) 
 

b. Explain the appearance of the third smaller band (band 2) in the hfp/Df strain lane in 
figure 5I.  What does it tell you about the role of hfp in the regulation of splicing of the 
eIF4E transcript? (6 points) 

 
 
FIGURE 4 
 

 
 
 
 
 
 
 
 
 
 
 
See next page for more figures from this manuscript. 
 
 
 
 
 



 
 
FIGURE 5 (sections A, B, H, and I) 

 

   

 
 


