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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? 



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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Six	Major	DNA	Repair	Pathways	



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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Let’s	use	a	different	reporter	gene	that	is	
easy	to	assay	and	works	in	vivo	

Promoter	



http://www.genlantis.com/corp/images/gWiz_vectmap.gif 
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Each Fluorescent Protein gene 
will harbor a different type of 

DNA damage 

Reactivation of damaged DNA – multiplexed 



Minerals	fluorescing	under	
UV-light	



Under	White	Light	 Under	UV	Light	



ExcitaTon	 Emission		



Electro Magnetic Spectrum and Light	



Increasing	energy	



ExcitaTon	

Emission		



Western	Blot	Analysis	 Ku80	
α-	tubulin	



Ku80	
α-	tubulin	



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

Osamu	
Shimomura,	1962	
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DNA	–	Blue	
	
GFP	-	Green	

GFP	cDNA	
expressed	in	
human	cells	



Next	Halloween	Costume??	



Fluorescence	DetecTon	
A	dichroic	filter,	thin-
film	filter,	or	
interference	filter	is	a	
very	accurate	color	
filter	used	to	
selecTvely	pass	light	
of	a	small	range	of	
colors	while	reflecTng	
other	colors.	



Fluorescence	DetecTon	



hdp://www.glofish.com/meet-glofish/glofish-gallery/	





Let’s	use	a	different	reporter	gene	that	is	
easy	to	assay	and	works	in	vivo	



Let’s	use	a	different	reporter	gene	that	is	
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NFκB	TranscripGon	
Factor	Binding	Site	



RegulaTon	of	gene	expression	by	the	
NFkB	TranscripTon	Factor	

hdp://10e.devbio.com/arTcle.php?id=31	
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NFkB	
promoter	

Fluorescent	Protein	
Reporters	are	oien	
used	to	report	the	

amount	of	
transcripTon	from	a	
specific	promoter	



GeneTcally	engineered	
GFP-Fusion	proteins	





RegulaTon	of	subcellular	locaTon	of		NFkB	

hdp://10e.devbio.com/arTcle.php?id=31	

Tag	
with	
GFP	

hdp://eoncosurg.com/inhibiTon-of-canonical-nf-kb-and-uppression-of-
inflammaTon-and-cancer-growth-by-designed-inhibitor-dhmeq	



A	cell	line	stably	expressing	a	fusion	of	the	NFkB	transcripTon	factor	
subunit	with	GFP	allows	one	to	monitor	NFKB	acTvaTon	(translocaTon	

to	nucleus)	by	compound	induced	DNA	damage.	



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



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	
geneTc	mutaTons	is	illustrated	by	this	San	

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

proteins.	
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Non-Homologous	End	Joining	(NHEJ)	

Ku70	
Ku80	
	
	

DNA-PKcs	
	
	

Xrcc4	
Ligase	IV	

	
	



Following	digest,	the	substrate	contains	a	DSB	
in	the	5’	UTR	that	prevents	fluorescent	
reporter	expression		

Basis	for	the	fluorescent	reporter	assay:	

GFP	 GFP	NHEJ	



NHEJ	HCR	in	WT	and	NHEJ	defecTve	
cells	at	18	hours	post-transfecTon:	
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Overall	Structure	of	the	Reporter:	Overall	Structure	of	the	Reporter:	
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What	is	a	MulTple	Cloning	Site	(MCS)?	
(someTmes	called	a	polylinker)	



What	is	a	RestricTon	Enzyme?		



Palindromes	
	

Madam	I’m	Adam.	
Sit	on	a	potato	pan,	OTs!	

Cigar?	Toss	it	in	a	can,	it	is	so	tragic.	
U.F.O.	tofu.	

Golf?	No	sir,	prefer	prison	flog.	
Flee	to	me	remote	elf.	

Gnu	dung.	
Lager,	Sir,	is	regal.	

Tuna	nut.	



What	is	a	RestricTon	Enzyme?		



Why	do	RestricTon	Enzymes	exist?		



Restriction-modification (R-M) systems as defense 
mechanisms.  

Vasu K , and Nagaraja V Microbiol. Mol. Biol. Rev. 
2013;77:53-72 

R-M	systems	recognize	methylaTon	status	of	incoming	foreign	DNA,	e.g.,	phage	genomes.	Methylated	
sequences	are	recognized	as	self,	while	recogniTon	sequences	on	the	incoming	DNA	lacking	methylaTon	
are	recognized	as	nonself	and	are	cleaved	by	the	restricTon	endonuclease	(REase).	The	methylaTon	status	
at	the	genomic	recogniTon	sites	is	maintained	by	the	cognate	methyltransferase	(MTase)	of	the	R-M	
system.		







NHEJ	HCR	in	WT	and	NHEJ	defecTve	
cells	at	18	hours	post-transfecTon:	
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