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Iden,fying	the	cleavage	target	of	Cas9	

•  Adap,ve	immune	response	that	confers	
phage	resistance	

•  Requires	crRNA,	tracrRNA,	and	Cas9	

What	is	the	target	of	the	na,ve	system?	
Incoming	viral	DNA	or	host-transcribed	viral	

mRNA?	



DNA	vs	RNA	debate	

Many	in	researchers	in	
phage	community	
convinced	RNA	

interference	by	CRISPR	
too	inefficient	given	

explosive	replica,on	of	
phage	during	infec,on	



Data	support	that	Cas9	cleaves	DNA	

1.  Targets	in	direc,on	of	‘sense’	DNA	more	
efficient	than	those	of	‘an,-sense’	

2.  Transforma,on	of	plasmid	DNA	blocked	

3.  Presence	of	self-splicing	RNA	sequence	in	
DNA	target	abolished	CRISPR	ac,vity	



Na,ve	CRISPR	system	cleaves	phage	DNA	

•  Adap,ve	immune	response	encoded	by	
CRISPR	loci	and	Cas	genes	

•  Mechanism	involves	three	stages:	
– Adapta,on	
– Expression	
–  Interference	



CRISPR	system:	adapta,on	

Phage	DNA	recognized	and	fragmented	by	
restric,on	enzyme	system,	then	‘spacers’	

incorporated	into	bacterial	genome	



CRISPR	system:	expression	

Cas9	and	Rnase	III	involved	in	processing	pre-
crRNA,	then	Cas9	forms	complex	with	crRNA	and	

tracrRNA	



CRISPR	system:	interference	

Cas9	/	tracrRNA	/	
crRNA	bind	invading	
phage	DNA	and	
cleave	at	target	
sequence	that	is	
complementary	to	
‘spacer’	sequence	



Engineered	CRISPRi	system	

•  Modifica,ons	to	crRNA	/	tracrRNA	complex?	

•  Modifica,ons	to	Cas9?	
	



CRISPRi	system:	(s)gRNA	

•  (s)gRNA	molecule	is	a	target	sequence	and	
tracrRNA	fused	by	a	linker	loop	such	that	a	
single	transcript	used	to	direct	Cas9	cleavage	

crRNA	/	tracrRNA	complex	 (s)gRNA	



CRISPRi	system:	dCas9	

•  dCas9	protein	contains	mutated	residues	
D10A	and	H840A	that	render	it	cataly,cally	
inac,ve	and	unable	to	cleave	DNA,	but	s,ll	
able	to	bind	DNA	

Cas9	 dCas9	



HNH	and	RuvC	endonuclease	domains	

•  RuvC	
– Endonuclease	that	resolves	Holliday	structure,	
intermediate	structure	in	which	dsDNA	molecule	
is	linked	by	single-stranded	crossover	

•  HNH	
– Found	in	homing	endonucleases,	restric,on	
endonucleases,	transposases	



Cleavage	requires	HNH	and	RuvC	domains		

Jinek	et	al.	(2012)	Science.	337:816-820.	



HNH	and	RuvC	domains	target	specific	
DNA	strands	

Jinek	et	al.	(2012)	Science.	337:816-820.	



Schema,c	of	Cas9	DNA	cleavage	

•  RuvC	domain										
(D10A)	cleaves										
non-coding	strand	

•  HNH	domain								
(H840A)	cleaves					
coding	strand	

•  Result	in	blunt	end																																																					
cut	3	bp	from	PAM	site	



Closer	look	at	pgRNA	and	pdCas9	

•  Confirma,on	digest	
prepared	on	D1	

•  Insert	(gRNA	target	
sequence)	
designed	on	D2	



CRISPRi	‘inac,ve’	in	absence	of	inducer	

E.	coli	MG1655	genome	

•  pgRNA_target	
expressed	
cons,tu,vely	
– Always	
transcribed	and	
binding	to	
target	gene	



CRISPRi	‘blocks’	gene	expression	in	
presence	of	inducer	

E.	coli	MG1655	genome	

•  pdCas9	
expressed	when	
aTc	added	
– When	
transcribed	
associates	with	
pgRNA_target	/	
target	gene	

aTc	



Closer	look	at	aTc	induc,on	of	pdCas9	

•  Tet	promoter	regulates	
expression	of	dCas9	gene	

Tet	Response	Element	(TRE)	

+	anhydrotetracycline	(aTc)	Tet	Repressor	(TetR)	



Inducible	promoter	can	be	used	to	control	
dCas9-mediated	gene	expression	

Lei	et	al.	(2013)	Cell.	152:1173-1183.	



CRISPRi	collision	model	



In	the	laboratory…	

Meet	at	1p	in	16-336	for	Journal	Club	presenta,ons	


