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CRISPR … an Adaptive Immunity System in bacteria
This CRISPR system deploys an RNA-guided Cas9 endonuclease

How does Cas9 protect bacteria from bacteriophages?
first, restriction enzymes,…. and then, CRISPR Cas9
The CRISPR Cas9 Kit ….tracr RNA;  crRNA;  PAM sites

What happens after the cut?
NHEJ…..Non-Homologous End Joining
HDR…Homology Directed Repair 

A 3D-printed model of Cas9…and a Cas9 Molecular Exploration.
-------------------------------------------------------------------------------------------------

Engineering Cas9 to be a  better editor…. Introducing base editing

How does Cas9 work?     &    What makes Cas9 special?









EcoRI… a restriction enzyme that cuts DNA

at a 6 base-pair palindromic site

In a random sequence of nucleotides, you would expect 
to find an EcoRI restriction site every 4096 nucleotides.

5’-GAATTC- 3’
3’-CTTAAG- 5’



The human genome is made up of 
3,200,000,000 bp of DNA.

Since EcoRI cuts every 4096 bp, EcoRI would cut 
the human genome into:

3,200,000,000

4,096
781,250 fragments=

in other words… a mess



CRISPR Cas9 cuts the human genome only once,
at a statistically unique site.

How many nucleotides must Cas9 be able to 
recognize, for it to be a statistically unique 

sequence in the human genome?

The answer is… 16   24   36    42   ?



GAATTCGTCGCTAATG

4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 X 4 = 4.3 X 109

…or…

416 = 4.3 X 109

16 nucleotides

A statistically unique site in the human genome…



CRISPR Cas9
… for real



CRISPR Cas9,… a Molecular Exploration 





QUESTION: What happens after the cut?

ANSWER: The cell tries to repair the damage!

Two Options

-----------------------------------------------------------------------------------------------------------------------------------------

( Error-prone)

Non-Homologous End Joining

Gene Knock-Out

or

(Requires a homologous donor DNA)

Homology Directed Repair

Gene Replacement

Neither outcome warrants the use of the word “editing”.

ATTGCCAGTCAGATCAGAGGTAA   CTTACGGTGCATGACATTACTAGT

TAACGGTCAGTCTAGTCTCCATT   GAATGCCACGTACTGTAATGATCT?



David Liu (Harvard), minding his metaphors

Base Editing
No cutting necessary !

C TU

Cytidine 
deaminase

DNA 
replication

Almost
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Cas9 (nickase)

Uracil Glycosylase 
Inhibitor… X2

Cytidine Deaminase

David Liu

BE3
...the 3rd generation 
Base Editor

Is science cool, or what?



TTAACAT

AATTGTA

TTGACAT

AACTGTA

TTGACAT

AAUTGTA

TTAACAT

AAUTGTA

BE3
Mis-match

Repair

DNA 
Replication

Is science cool, or what?

BE3 =  Base Editor, 3rd generation

• Cytidine Deaminase, fused to 5-end of Cas9
• UGI,…Uracil Glycosylase Inhibitor, fused to 3’end
• Cas9 nickase mutant

A Third Generation Base Editor…



Thank you for 
attending!



Invite your colleagues to register!

Celebrate World Water Day

Engage with Water Molecules!

Monday, March 22, 2021 at 6:00PM Central

Membranes & Ion Transport

Exploring the Wonderful World of Cell Membranes: Proteins, Lipids, and Ions, Oh My!

Wednesday, April 14, 2021 at 6:00 PM Central

DNA Structure & Function

Inspiring Student Questions with a TWIST in DNA Modeling

Wednesday, April 21, 2021 at 6:00 PM Central

https://www.3dmoleculardesigns.com/Webinars4.htm


