
CRISPR/ CAS System and 
Targeted genome editing

Dr. Sudipta Chakraborty

Assistant Professor

PG Department of Microbiology

Bidhannagar College



The bacterial adaptive immune system CRISPR. Here, a bacteriophage injects its DNA into the bacteria and 

the bacteria cuts out a piece of it, called a protospacer, and inserts it into the CRISPR array in a process 

called spacer acquisition. An inserted protospacer is called a spacer.













The CRISPR-Cas9 complex with two different gRNA configurations. The grey figure represents the Cas9

protein. To the left is a Cas9 protein attached to gRNA consisting of the two components crRNA in red and

tracrRNA in blue, called a cr:tracrRNA complex. To the right is a Cas9 protein in complex with sgRNA in green.





The bilobed Cas9 structure consisting of the NUC and REC lobe is connected by a bridge helix. The NUC

lobe (grey) has the nuclease activity of the Cas9 protein, and contains two endonuclease domains called HNH

(orange) and RuvC (yellow), and a PI domain (pink) responsible for PAM recognition. The REC lobe (green)

recognizes the gRNA.



Binding of gRNA to the REC lobe initiates a series of conformational changes, resulting in a fully

activated protein. The target DNA can be attached when the complex of Cas9 and gRNA has connected. The PI

domain recognizes the PAM region and is followed by pairing of the gRNA seed sequence. The NUC-lobe’s HNH

and RuvC domains are responsible for the cleavage of target dsDNA.



When the Cas9 recognizes the PAM 

sequence, the target DNA starts to 

unwind, forming an R-loop

structure. The R-loop expands when 

bases between gRNA and target DNA 

match. When the entire spacer region

of the gRNA is bound to the target DNA, 

Cas9 makes a double stranded cut.



Illustrates the critical, dynamical changes of the Cas9 protein structure upon target binding and R-loop

formation. HNH (orange) changes position into the spacious room created during the R-loop expansion, fully

activating the nuclease activity of Cas9.











Pictures a simplified Cas9 plasmid containing promoters, 

insertion site for 20 bp guide RNA (spacer),

an sgRNA backbone, the Cas9 sequence and a potential 

selection marker gene.

Production of lentiviral vectors containing Cas9 and gRNA

genes. Several plasmids containing Cas9,

gRNA, packaging genes and envelope genes are 

necessary for the production of viral particles



By mixing a Cas9:sgRNA plasmid with liposomes, CRISPR components can cross the lipid bilayer and

be introduced into the cell. The lipid coat acts as a vehicle and protector of the components across the cell 

membrane


