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What experimental question will you ask in 
Module 2? 
 

How efficiently does DNA repair by the Non 
Homologous End Joining (NHEJ) pathway act  
on DNA damage with  different topologies? 
 

This raises the following questions 
 

•  How does DNA get damaged? 

•  What is DNA repair? 

•  Why does DNA repair exist? 

•  Why do we care about how efficient DNA repair is? 

•  How does one actually measure DNA repair efficiency? 



DNA	
  Damage	
  and	
  Repair	
  

Direct-Reversal 
repair (DR)


Single-strand break 
Alkylation


Adapted from Hoeijmakers 2001 Nature 

Recombina?onal	
  
(HR,	
  NHEJ)	
  



DNA	
  Damage	
  and	
  Repair	
  

Direct-Reversal 
repair (DR)


Single-strand break 
Alkylation


Adapted from Hoeijmakers 2001 Nature 

Recombina?onal	
  
(HR,	
  NHEJ)	
  



DNA	
  Damage	
  and	
  Repair	
  

Direct-Reversal 
repair (DR)


Single-strand break 
Alkylation


Adapted from Hoeijmakers 2001 Nature 

RESPONSES	
  of	
  TUMOR	
  and	
  NON-­‐TUMOR	
  CELLS	
  to	
  CANCER	
  
RADIOTHERAPY	
  and	
  CHEMOTHERAPY	
  

Recombina?onal	
  
(HR,	
  NHEJ)	
  



Key Experimental Methods for 
Module 2 

•  Mammalian tissue cell culture 

•  Monitoring protein level by Western blot 

•  Generating plasmids with DNA damage  

•  Transfecting plasmids into mammalian cells 

•  Using fluorescent proteins as reporters of 
 biological processes 

•  Flow cytometry to measure DNA repair 

•  Statistical analysis of biological data 
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Non Homologous 
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The	
  MRN	
  complex	
  (Mre11/Rad50/Nbs1)	
  competes	
  
with	
  Ku	
  for	
  binding	
  DSBs	
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Duplication of chromosomes  
DNA Replication                   

The Cell Cycle                   



Progression	
  through	
  the	
  Cell	
  Cycle	
  REQUIRES	
  a	
  series	
  
of	
  cyclins	
  and	
  cyclin-­‐dependent-­‐kinases	
  (CDKs)	
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complex	
  



DisposiZon	
  of	
  DSBs	
  between	
  repair	
  pathways.	
  	
  

Chiruvella K K et al. Cold Spring Harb Perspect Biol 
2013;5:a012757 ©2013 by Cold Spring Harbor Laboratory Press 
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Signaling	
  at	
  DSBs	
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  ATM	
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CDC25A	
  is	
  a	
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  that	
  
must	
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and	
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Ataxia	
  Telangiectasia	
  

•  Staggering	
  gait	
  
•  Muscular	
  un-­‐coordinaZon	
  
•  Mental	
  retardaZon	
  
•  DilaZon	
  of	
  small	
  blood	
  vessels	
  
•  Immune	
  dysfuncZon	
  
•  Cancer	
  prone…lymphomas	
  
•  Cells	
  from	
  AT	
  paZents	
  have	
  lost	
  cell	
  cycle	
  
checkpoints	
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Following	
  digest,	
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Flow Cytometry  
 
 

Flow cytometry analyzes cells one by one 

 

Fluorescence, diffracted and reflected light can be measured for 
each cell 

 

Multiple lasers and multiple colors can be analyzed at millions of 
cells per minute 

 

Resulting plots show the relative level of fluorescence of each cell 
for specific wave lengths. 
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