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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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How do you grow mammalian cells? 

From Freshney’s “Culture of Mammalian Cells”"

This	is	for	normal	Nssue,	what	about	tumor	Nssue?	



HeLa	cells	from	the	
Nikon	microscope	

web	site	

HeLa	cells	have	been	cultured	conNnuously	
for	scienNfic	use	since	they	were	first	
taken	from	the	ovarian	tumor	of	HenrieDa	
Lacks	suffering	from	cervical	cancer	in	the	
1950s.	They	have																						been	uNlized	
for	many	purposes,	including	the	
development	of	a	polio	vaccine,	the	
pursuit	of	a	cure	for	diseases	such	as	
leukemia	and	cancer,	and	the	study	of	the	
cellular	effects	of	drugs	and	radiaNon.	



Ø  Most common and malignant form of 
brain cancer 

Ø  Affects 10,000 people a year in North 
America alone 

Ø  Median survival is around 10 months 
after diagnosis 

Ø  Highly diffusive tumor type 
Ø  Treatment consists of surgical 

resection, followed by radiotherapy  
and chemotherapy 

 

Grade IV Glioma 
Glioblastoma Mulitiforme 

(GBM) 

http://www.ajnr.org/content/32/1/67/F5.expansion.html 



M059J	 M059K	



M059J	

M059K	



M059J	

M059K	 K	=	oKay	aJer	γ Rays	

J	=	Junk	aJer	γ Rays	



Non-Homologous	End	Joining	(NHEJ)	

Ku70	
Ku80	
	
	

DNA-PKcs	
	
	

Xrcc4	
Ligase	IV	
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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? 



Substrate	contains	a	DNA	double	strand	break	

GFP	 GFP	NHEJ	
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Six	Major	DNA	Repair	Pathways	



						BER																				NER 		DR 						MMR 			HR									NHEJ	

Six	Major	DNA	Repair	Pathways	

PANCREATIC	CANCER	



						BER																				NER 		DR 						MMR 			HR									NHEJ	

Six	Major	DNA	Repair	Pathways	



Non Homologous 
End Joining 

Homologous 
Recombination 

DNA double-strand break repair 



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



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 



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 



Immunoblot	Analysis	
	

a.k.a.	
	

Western	Blot	
Analysis	

	
S	=	cytoplasmic	extract	
P	=	nuclear	extract		



Prepare	Cell	Extract	for	Western	Blot	(Immunoblot)	Analysis	

cells	

Proteins	of	all	sizes	

hIp://bio-ggs.blogspot.com/2009/11/ggs-live-western-blokng.html	



Western	Blot	or	Immunoblot	Analysis	

SDS	–	sodium	dodecyl	sulfate	

SDS	to	denature	proteins	plus	
blue	dye	–	loading	buffer	

Proteins	denatured	by	
SDS	



SeparaNng	proteins	on	an	SDS	polyacrylamide	gel	



e.g.,	YFP	(your	favorite	protein)	

e.g.,	YFP	

The	Separated	proteins	are	
transferred	out	of	the	gel	
and	BLOTTED	onto	a	
nitrocellulose	or	other	

membrane	

GEL	



This	first	Ab	specifically	binds	YFP	

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



Western	Blot	Analysis	

Ku80	
α-	tubulin	



Non-Homologous	End	Joining	(NHEJ)	

Ku70	
Ku80	
	
	

DNA-PKcs	
	
	

Xrcc4	
Ligase	IV	

	
	



Chinese	Hamsters	



Chinese	Hamster	Ovary	(CHO)		cells	are	immortal	
–	they	can	grow	indefinitely	



Chinese	Hamster	Ovary	(CHO)		cells	are	immortal	
–	they	can	grow	indefinitely	

•  IsolaNng	X-ray-sensiNve	(xrs)	CHO	cells	

•  Xrs	cells	are	deficient	in	NHEJ	

•  Used	these	cells	to	idenNfy	human	NHEJ	
proteins	

	



IsolaNng	X-ray-sensiNve	(xrs)	CHO	cells	
Professor	Penelope	Jeggo	



> Forty years ago (1975) 

Age	52	 Age	22	 Age	25	



Age	90	 Age	60	

Age	64	

~3.5 years ago (summer of 2012) 



How	would	you	go	about	
isolaNng	X-ray	resistant	

cell	lines?		



How	would	you	go	about	
isolaNng	X-ray	sensiNve	

cell	lines?		



Add	potent	mutagen	

Several	million	
CHO-K1	cells		

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

mutaNons	
randomly	

located	across	
the	genome		

Generate	populaNon	of	CHO	cells	with	a	high	
frequency	of	mutaNons	

Freeze	down	aliquots	
of	mutagenized	cells	

Expand	this	
mutagenized	
populaNon	



Measure	the	frequency	
of	mutaNons	at	a	

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

Hypoxanthine	phoshoribosyl	
transferase	enzyme	



Add	potent	mutagen	

Several	million	
CHO-K1	cells		

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

mutaNons	
randomly	

located	across	
the	genome		

Generate	populaNon	of	CHO	cells	with	a	high	
frequency	of	mutaNons	

Freeze	down	aliquots	
of	mutagenized	cells	

Expand	this	
mutagenized	
populaNon	



MutaNon	Research	(1983)	112:313-327	





No	X-RAYS	X-RAYS	



6	days	aJer	No	X-RAYS	6	days	aJer	X-RAYS	



Tooth-picking	and	screening	
9,000	colonies!!!	

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





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

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



FuncNonal	ComplementaNon	



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

	
Fell	into	different	

complementaNon	groups	
	

Used	to	isolate	human	genes	
that	rescue	the	X-ray	sensiNvity	



Non-Homologous	End	Joining	(NHEJ)	

Ku70	
Ku80	
	
	

DNA-PKcs	
	
	

Xrcc4	
Ligase	IV	

	
	



Immunoblot	Analysis	
	

a.k.a.	
	

Western	Blot	
Analysis	

	
S	=	cytoplasmic	extract	
P	=	nuclear	extract		



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	criNcal	materials	to	be	
used:	
	

1.  M059K	repair	proficient	cells	
2.  M059J	DNA-PKcs	deficient	cells	
3.  Inhibitors	of	DNA-PKcs	
4.  Plasmids	containing	DNA	double	

strand	breaks	of	different	
topologies.	



Chinese	Hamster	Ovary	(CHO)		cells	are	immortal	
–	they	can	grow	indefinitely	

NEXT	LECTURE	
	
•  Measuring	NHEJ	acNvity	
•  Using	fluorescent	proteins	to	measure	
biological	processes….			
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