
 

 

SELECTION INTERNATIONALE 

ECOLE NORMALE SUPERIEURE 

 

Biology as Secondary Discipline 

Cell Biology 

 

 

  



This exam is composed of eight independent questions and one problem.  

 

Answer the following questions. Drawings and schemes are allowed. 

 

Question 1: What is an enzyme and how does it function? 

Question 2: Describe the main steps of protein synthesis in eukaryotic cells (20 lines max + potential 

drawings) 

Question 3: What is a fusion protein and how do people use fusion proteins in order to tag proteins 

in living cells? 

Question 4: Imagine a technique that would allow you to tag and visualize an mRNA in a living cell. 

Question 5: What is the number of codons forming the genetic code? What is the number of natural 

amino acids? What is called the genetic code degeneration? 

Question 6: Imagine a technique that would allow you to incorporate a new synthetic amino acid in a 

protein, in a living cell. 

Question 7: What is the cytoskeleton and what are the main components? 

Question 8: What are the different roles of the cytoskeleton? Please structure your answer. 

  



Problem 
 

 
Using figure 1 below, what can you deduce concerning the early steps of differentiation of 
mesemchymal stem cells and general cell lineage?  

 

 
Figure 1. Tissue Elasticity and Differentiation of Naive Mesenchymal Stem Cells (MSCs)  
(A) Solid tissues exhibit a range of stiffness, as measured by the elastic modulus, E. (B) The in 
vitro gel system allows for control of E through crosslinking, control of cell adhesion by 
covalent attachment of collagen-I, and control of thickness, h. Naive MSCs of a standard 
expression phenotype are initially small and round but develop increasingly branched, 
spindle, or polygonal shapes when grown on matrices respectively in the range typical of 
elastic modulus of brain (0.1–1 kPa), elastic modulus of muscle (8– 17 kPa), or stiff 
crosslinked-collagen matrices (25–40 kPa). (C) Microarray profiling of MSC transcripts in cells 
cultured on 0.1, 1, 11, or 34 kPa matrices with or without blebbistatin treatment. Results are 
normalized to actin levels and then normalized again to expression in naive MSCs, yielding 
the fold increase at the bottom of each array. Microarray neurogenic markers are placed in 
the left column, while myogenic markers correspond to the center column, and osteogenic 
markers are placed in the right column.  
NB: blebbistatin is a specific inhibitor of myosin 2 that regulates the mechanical stress of the 
cell. 
 


