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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? 
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Non Homologous 
End Joining 

Homologous 
Recombination 

DNA double-strand break repair 



X-‐rays	  are	  extremely	  good	  at	  inducing	  DNA	  Double	  
Strand	  Breaks	  (DSBs)	  



Non-‐Homologous	  End	  Joining	  (NHEJ)	  

Ku70	  
Ku80	  
	  
	  

DNA-‐PKcs	  
	  
	  

Xrcc4	  
Ligase	  IV	  

	  
	  



Ku80/70	  

DNA-‐
PKcs	  



Key Experimental Methods for 
Module 1 

•  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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•  IsolaWng	  X-‐ray-‐sensiWve	  (xrs)	  CHO	  cells	  

•  Xrs	  cells	  are	  deficient	  in	  NHEJ	  

•  DetecWng	  NHEJ	  proteins	  by	  Western	  Blot	  
	  



IsolaWng	  X-‐ray-‐sensiWve	  (xrs)	  CHO	  cells	  
Professor	  Penelope	  Jeggo	  



~ Forty years ago (1975) 

Age	  52	   Age	  22	   Age	  25	  
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Age	  64	  

~2.5 years ago (summer of 2012) 
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Add	  potent	  mutagen	  

Several	  million	  
CHO-‐K1	  cells	  	  

70%	  cells	  die.	  	  
The	  30%	  of	  cells	  
that	  live	  have	  a	  
high	  frequency	  
of	  mutants	  with	  

mutaWons	  
randomly	  

located	  across	  
the	  genome	  	  

Generate	  populaWon	  of	  CHO	  cells	  with	  a	  high	  
frequency	  of	  mutaWons	  

Freeze	  down	  aliquots	  
of	  mutagenized	  cells	  

Expand	  this	  
mutagenized	  
populaWon	  



Measure	  the	  frequency	  
of	  mutaWons	  at	  a	  

specific	  gene	  locus	  –	  
the	  HPRT	  gene:	  	  
1	  in	  103	  or	  10-‐3	  	  

Hypoxanthine	  phoshoribosyl	  
transferase	  enzyme	  





HPRT	  gene	  is	  on	  the	  X-‐chromosome	  



The	  Structure	  of	  DNA	  



Promoter	  methylaWon	  at	  CpG	  
silences	  gene	  expression	  



CHO	  cells	  happen	  
to	  have	  more	  than	  
the	  usual	  amount	  
of	  CpG	  methylaWon	  

	  
This	  results	  in	  
extensive	  

	  
“FUNCTIONAL	  
HEMIZYGOSITY”	  



HPRT	  gene	  is	  on	  the	  X-‐
chromosome	  –	  	  

funcWonal	  hemizygosity	  
in	  female	  cells,	  actual	  
hemizygosity	  in	  male	  

cells	  

Hope	  that	  the	  genes	  
for	  repairing	  X-‐ray	  
induced	  damage	  are	  
also	  in	  funcWonally	  
hemizygous	  state	  
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Tooth-‐picking	  and	  screening	  
9,000	  colonies!!!	  

Isolated	  seven	  (maybe	  only	  6?)	  
X-‐ray	  sensiWve	  clones!!	  





•  You	  now	  have	  6	  or	  7	  mutant	  cell	  
lines	  with	  similar	  phenotype	  

	  
•  How	  do	  you	  figure	  out	  if	  the	  cell	  
lines	  have	  mutaWons	  in	  the	  same	  
genes,	  or	  in	  different	  genes?	  	  



FuncWonal	  ComplementaWon	  
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What	  is	  the	  experiment?	  

How	  efficiently	  does	  DNA	  repair	  by	  the	  Non	  
Homologous	  End	  Joining	  (NHEJ)	  pathway	  act	  	  on	  DNA	  

damage	  with	  	  different	  topologies?	  

Check	  list	  of	  criWcal	  materials	  to	  be	  used:	  
	  

1.  Wild	  type	  CHO-‐K1	  cells	  
2.  CHO	  xrs6	  cells,	  deficient	  in	  Ku80	  protein	  
3.  Inhibitor	  of	  DNA-‐PKcs	  
4.  Plasmids	  containing	  DNA	  double	  strand	  

breaks	  of	  different	  topologies.	  
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cells	  

Proteins	  of	  
all	  sizes	   cell	  

suspension	  

Western	  Blot	  or	  Immunoblot	  Analysis	  



SeparaWng	  proteins	  on	  an	  SDS	  polyacrylamide	  gel	  

SDS	  –	  sodium	  dodecyl	  sulfate	  

Proteins	  denatured	  by	  
SDS	  

SDS	  to	  denature	  proteins	  plus	  
blue	  dye	  –	  loading	  buffer	  
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This	  first	  Ab	  specifically	  binds	  
Ku80	  

This	  second	  Ab,	  with	  an	  enzyme	  
linked	  to	  it,	  specifically	  binds	  the	  
first	  Ab	  	  

xrs6	  	  
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Horseradish	  Peroxidase	  

Western	  Blot	  Analysis	   Ku80	  
α-‐	  tubulin
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Chinese	  Hamster	  Ovary	  (CHO)	  	  cells	  are	  immortal	  
–	  they	  can	  grow	  indefinitely	  

NEXT	  LECTURE	  
	  
•  IsolaWng	  X-‐ray-‐sensiWve	  (xrs)	  CHO	  cells	  
•  Xrs	  cells	  are	  deficient	  in	  NHEJ	  
•  DetecWng	  NHEJ	  proteins	  by	  Western	  
•  Measuring	  NHEJ	  acWvity	  
•  Using	  fluorescent	  proteins	  to	  measure	  
biological	  processes….	  	  	  
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