


Introduc)on	to	Electrophoresis	
•  Gel	electrophoresis	is	a	

widely	used	technique	for	
the	analysis	of	nucleic	acids	
and	proteins.	
	

	



Introduc)on	to	Electrophoresis	
•  Separates	DNA	or	RNA	

molecules	by	size,	charge,	
and	/	or	shape.	
	

	



Introduc)on	to	Electrophoresis	
•  Separates	DNA	or	RNA	

molecules	by	size,	charge,	
and	/	or	shape.	
–  Shorter	molecules	move	faster	

and	migrate	faster	than	longer	
ones.	

–  Supercoiled	structures	migrate	
faster	than	relaxed	and	linear	
structures	
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Why	Electrophoresis?	

•  To	separate	DNA	
fragments	from	each	
other	

•  To	determine	the	sizes	
of	DNA	fragments	

•  To	determine	the	
quality	/	quan)ty	of	
DNA	

•  Purifica)on	of	DNA	



Electrophoresis	Protocol	

•  Divided	into	three	
stages	
–  Gel	of	desired	
concentra)on	is	
prepared.	

–  DNA	samples	loaded	
into	wells	of	gel	

–  Gel	is	visualized	and	
recorded.	 		



+	-	

Power	

DNA	

										small	
large	

	•	DNA	is	nega)vely	charged.			
	•	When	placed	in	an	electrical	field,	DNA	will	migrate	toward	the	posi)ve	pole	

(anode).	
	 		

	•	An	agarose	gel	behaves	like	a	molecular	sieve.	

•	Polymerized	agarose	is	porous,		
		allowing	for	the	movement	of	DNA	

Migra)on	of	DNA	



•  What Is Agarose?

D-galactose	 3,6-anhydro	
L-galactose	

• 	Lina	Hesse,	technician	and	
illustrator	for	a	colleague	of	Koch	
was	the	first	to	suggest	agar	for	use	
in	culturing	bacteria	

• 	Agarose	was	first	used	in	biology	
when	Robert	Koch*	used	it	as	a	
culture	medium	for	Tuberculosis	
bacteria	in	1882	

* Sweetened	agarose	gels	have	
been	eaten	in	the	Far	East	
since	the	17th	century.	



Concentra)ons	of	Agarose	Used	

•  What	Is	Agarose?	
–  Linear	polymer	extracted	

from	seaweed.	

%	Agarose	(w/v) 			Size	Range	(kb	pairs)	
	0.5	 	 	 	 	 	2	–	30	

	
	0.75		 	 	 	 	0.7	–	20	

	
	1.0	 	 	 	 	 	0.5	–	10	

	
	1.5	 	 	 	 	 	0.2	–	3	

	
	2.0	 	 	 	 	 	0.1	–	2	

	
		



Electrophoresis	Equipment	

Cas)ng	tray!	
Gel	combs	

Power	supply"	

Gel	tank	 #Cover	

Electrical	leads	
																$	



Making	an	Agarose	Gel	

•  An	agarose	gel	is	
prepared	by	combining	
agarose	powder	and	a	
buffer	solu)on.	
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Pouring	the	Gel	

•  Allow	the	agarose	
solu)on	to	cool	slightly	
(~60ºC).	

•  Pour	the	melted	
agarose	solu)on	into	
the	cas)ng	tray.	
–  Avoid	air	bubbles.	



Pouring	the	Gel	

•  Each	of	the	gel	combs	
should	be	submerged	in	
the	melted	agarose	
solu)on.		



Pouring	the	Gel	

•  When	cooled,	the	
agarose	polymerizes.	
–  Forms	a	flexible	gel	
when	completely	cooled	
(30-45	minutes).	

•  Gel	can	be	used	
immediaely	or	stored	in	
a	fridge	(wrapped	in	
“Cling	Wrap”.	



Electrophoresis	Chamber	
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•  Add	enough	electrophoresis	buffer	to	cover	the	gel	to	a	depth	of	at	least	1	mm.	
•  Make	sure	each	well	is	filled	with	buffer.	



Sample	Prepara)on	

•  Mix	the	samples	of	DNA	
with	loading	buffer.	



Loading	the	Gel	

•  Carefully	place	the	
pipeje	)p	over	a	well	
and	gently	expel	the	
sample.			

•  Sample	should	sink	into	
the	well.			

•  Be	careful	not	to	
puncture	the	gel	with	
the	pipeje	)p.	



Running	the	Gel	

•  Place	the	cover	on	the	electrophoresis	chamber,	connec)ng	the	electrical	leads.	
•  Connect	the	electrical	leads	to	the	power	supply.	

o  Be	sure	the	leads	are	ajached	correctly!	
o  When	the	power	is	turned	on,	bubbles	should	form	on	the	electrodes	in	the	

electrophoresis	chamber.	
	



Running	the	Gel	
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&	Bromophenol	Blue	

Cathode	
(-)	

Anode	
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Gel	

•  Aler	the	current	is	applied,	make	sure	the	gel	is	running	in	the	correct	direc)on.			
o  Bromophenol	blue	will	run	in	the	same	direc)on	as	the	DNA.	

•  The	higher	the	voltage,	the	more	quickly	the	gel	runs	
o  If	voltage	is	too	high,	gel	melts	
o  The	best	separa)on	will	apply	voltage	at	no	more	than	5V/cm	of	gel	length.	

DNA	
(-)	
$	



Running	the	Gel:	DNA	Ladder	

•  DNA	Ladder	consists	of		
known	DNA	sizes	used	
to	determine	the	size	of	
an	unknown	DNA	
sample.		



Running	the	Gel:	DNA	Ladder	
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•  Inclusion	of	a	DNA	ladder	(DNAs	of	know	sizes)	on	the	gel	makes	it	easy	to	determine	
the	sizes	of	unknown	DNAs.	
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Note:	bromophenol	
blue	migrates	at	
approximately	the	same	
rate	as	a	300	bp	DNA	
molecule	



Staining	the	Gel	

•  To	make	DNA	fragments	visible	aler	electrophoresis,	the	
DNA	must	be	stained.	
•  Place	the	gel	in	the	staining	tray	containing	stain.	
•  To	remove	excess	stain,	gel	must	destain	in	water.	
•  Replace	water	several	)mes	for	efficient	destain.	



Visualizing	the	DNA	
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