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  based	
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What experimental question will you ask in 
Module 1? 
 

What conditions affect the frequency of DNA 
repair by homologous recombination in mouse 
embryonic stem cells? 
 

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? 
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DNA	
  Double	
  Strand	
  
Break	
  (DSB)	
  Repair	
  



BRCA2 Mutation 
 
 
 

~60%	
  Chance	
  of	
  Breast	
  Cancer	
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Imagine HR is initiated by the fragment on the left…. 



Step 2: Resect the end to 
create a 3’ overhang 

Step 1: A double stranded 
end has been created 

Step 3: Create a nucleoprotein 
filament capable of homology 
searching 

Egelman, PNAS 2003 
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Step 4: Search and Invade 

This	
  DNA	
  crossover	
  
structure	
  is	
  called	
  a	
  
“Holliday	
  JuncYon”	
  



Step 4: Search and Invade 

Robin	
  Holliday	
  
1932-­‐2014	
  



Step 4: Search and Invade 

Step 5: Polymerize DNA using invading strand with 3’OH 
as a primer and the homologous donor DNA as a template 



Step 6: Branch Migration (Backwards) 



Step 6: Branch Migration (Forwards) 



Step 6: Possible Release 





This process started with a two-ended DSB... 



Now let’s imagine the same thing happened 
at the other end… 

Annealing 



Final Steps: Filling, Trimming, Ligating 



+ 



 A Plasmid-Based Assay for Homologous 
Recombination in Mammalian Cells 

Bevin	
  Engelward	
  

Δ5 
 

Δ3 

+ 
lipofect 48 hours 

RecombinaYon	
  Product	
  

dsb	
  

dsb	
  



hOp://web.mit.edu/engelward-­‐lab/animaYons/NHEJ.html	
  
Non	
  Homologous	
  End	
  Joining	
  

hOp://web.mit.edu/engelward-­‐lab/animaYons/SDSA.html	
  
DSB	
  repair	
  using	
  Homologous	
  RecombinaYon	
  

hOp://web.mit.edu/engelward-­‐lab/animaYons/forkHR.html	
  
Repair	
  of	
  a	
  collapsed	
  ReplicaYon	
  Fork	
  	
  





Decision to initiate HR, 
resection of DNA ends 

ATM, ATR, cAbl, Chk1, Chk2, p53, 
BRCA1, Fanc genes, CDKs 
Mre11, Rad50, Nbs1,  
Exonucleases 

Displacement of RPA & 
Loading Rad51 

RPA, Rad52, BRCA2(FANCD1), 
PALB2(FANCN), Rad51,  
Rad51B/Rad51C/Rad51D/XRCC2, 
Rad51C/XRCC3 Homology searching,  

histone remodeling,  
& invasion 

Rad54, Rad54B, Rad52 

MMR proteins,  
WRN, BLM, Rad54, p53 

Holliday junction migration,  
inhibition by mismatches  

Repair synthesis,  
Holliday junction migration, 
Possible resolution  
without junction cleavage 

Junction resolution 
Repair of mismatches 

Rad51C & possible additional proteins; 
possible resolution by topoisomerases; 
MMR 

Polymerase(s), topoisomerase(s) 
helicases WRN, BLM, Rad54 
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Homologous Recombination Repairs DNA 
 
 
 

Defects in HR Promote Aging, Cancer, & other Diseases 



XP frequency = ~1:250,000 giving a theoretical maximum of 
~28,000 cases worldwide with 2,000-fold increased risk 

Even if just 1% of the population is relatively repair deficient, 
could have tens of millions with several-fold increased risk  

Adapted	
  from	
  GROSSMAN	
  and	
  Wei	
  (1995)	
  Clinical	
  Chem	
  41:	
  1854-­‐1863	
  



Reactivation of UV damaged DNA by Host 
cell Reactivation (HCR) 

+ UV 
light Transient 

transfection 
peripheral 

blood 
lymphocytes 

Time to repair CAT Assay 

Athas & GROSSMAN 
Cancer Res. 1991 



Nature Reviews Molecular Cell Biology 9, 958-970  

RNA Polymerase II is exquisitely 
sensitive to DNA lesions 
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Cells 
from XP 
patients 

Athas & GROSSMAN 

RelaYvely	
  
HIGH	
  repair	
  

RelaYvely	
  
LOW	
  repair	
  



BPDE 
or 

NNK 
or   
UV  

Virtually all case/control HCR studies have 
monitored Nucleotide Excision Repair (NER) 



DNA Repair Strategies 
 

• Direct Reversal 
Methyltransferase, Oxidative demethylase  

•  Excision Repair 

 Base excision, nucleotide excision, mismatch repair 

•  Double strand break repair 

 Homologous recombination, Non-homologous end joining 



Developing Novel Methods 
to Measure DNA Repair 

Capacity in Human 
Populations 

 

Leona D. Samson 
 

MIT 

Biological Engineering Department 

Biology Department 

Center for Environmental Health Sciences 

Koch Institute for Integrative Cancer Research 

 Computational and Systems Biology Initiative 

Broad Institute (Harvard and MIT) 

CANDIDATE 
INTERVIEW 

June 16th 2009, 
8am! 

 



http://www.genlantis.com/corp/images/gWiz_vectmap.gif 

DsRed2FP	
  

EGFP	
  

EYFP	
  

ECFP	
  

EBFP	
  

Each Fluorescent Protein gene 
will harbor a different type of 

DNA damage 

Reactivation of damaged DNA – multiplexed 



Reactivation of damaged DNA – multiplexed 

+ different 
DNA lesions 

Transient 
transfection 
of mixture 

Time to repair 

DsRed2FP

EGFP

EYFP

ECFP

EBFP

Fluorescence 
quantitation 



Minerals	
  fluorescing	
  under	
  
UV-­‐light	
  



ExcitaYon	
   Emission	
  	
  



ExcitaYon	
  

Emission	
  	
  



Green	
  Fluorescent	
  Protein	
  (GFP)	
  first	
  isolated	
  from	
  
crystal	
  jellyfish	
  (Aequorea	
  victoria).	
  





Green	
  Fluorescent	
  Protein	
  (GFP)	
  first	
  isolated	
  from	
  
crystal	
  jellyfish	
  (Aequorea	
  victoria).	
  



DNA	
  –	
  Blue	
  
	
  
GFP	
  -­‐	
  Green	
  





GFP	
  modified	
  to	
  Enhanced	
  GFP	
  (EGFP)	
  and	
  EGFP	
  
modified	
  to	
  fluoresce	
  at	
  different	
  wavelengths	
  	
  



Fluorescent	
  Bulb	
  
Anemone	
  (Entacmaea	
  

quadricolor)	
  	
  

Mushroom	
  Coral	
  



The	
  diversity	
  of	
  fluorescent	
  proteins	
  and	
  
geneYc	
  mutaYons	
  is	
  illustrated	
  by	
  this	
  San	
  

Diego	
  beach	
  scene	
  drawn	
  with	
  living	
  
bacteria	
  expressing	
  8	
  different	
  colors	
  of	
  

fluorescent	
  proteins.	
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FM-­‐HCR	
  for	
  UV	
  damaged	
  Plasmids	
  
(NucleoYde	
  Excision	
  Repair)	
  

Zachary	
  Nagel	
  &	
  Siobhan	
  McRee	
  

FM-­‐HCR	
  
	
  
Fluorescence	
  
MulYplexed	
  
	
  
Host	
  
Cell	
  
ReacYvaYon	
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  HCR	
  developed	
  by	
  Dr.	
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5 color HCR assay applications 
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DNA Repair Strategies 
•  Direct Reversal 

Methyltransferase, Oxidative demethylase  
•  Excision Repair 

 Base excision, nucleotide excision, mismatch repair 

•  Double strand break repair 

 Homologous recombination, Non-homologous end joining 
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European 
(120) 

Native 
(30) 

African 
(120) 

Mexican 
(60) 

Asian (120) 

450 healthy unrelated US residents with ancestry from  
around the globe 

Nested subsets: 90, 44, 24, 8 
Ethical reasons: no medical, phenotypic, or ethnic information is provided 

Coriell	
  Lymphoblastoid	
  Cell	
  line	
  collecYon	
  derived	
  from	
  
ethnically	
  diverse	
  HEALTHY	
  humans	
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RESPONSES	
  of	
  TUMOR	
  and	
  NON-­‐TUMOR	
  CELLS	
  to	
  CANCER	
  
RADIOTHERAPY	
  and	
  CHEMOTHERAPY	
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