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Models make words meaningful!

The magic of models….

Interactive physical models provide students with a way to 

understand a description (written or verbal) of a complex 

molecular process – such as how CRISPR functions as an 

adaptive immunity system in bacteria.



A Framework for thinking about CRISPR

• CRISPR Biology … how does CRISPR function in 
bacteria as an adaptive immune system?

• CRISPR Biotechnology … how are we using 
CRISPR tools to edit eukaryotic genomes?



What makes Cas9 special?

Cas9 can target a statistically unique site in the 
3.2 billion base-pair human genome,
…. and make a double-stranded cut.





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… 12    16    24   38    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…



https://www.3dmoleculardesigns.com/Teacher-Resources/Making-the-Cut-with-CRISPR-Cas9-Animations-and-

Videos.htm

https://www.3dmoleculardesigns.com/Teacher-Resources/Making-the-Cut-with-CRISPR-Cas9-Animations-and-Videos.htm


3 Guiding Graphics



3 Guiding Graphics



3 Guiding Graphics



The Making the Cut with the CRISPR-Cas9 Kit



5 Steps in the Making the Cut

Step 1… Assembling the tracrRNA…on the Cas9 protein

Step 2… Adding the crRNA to the tracr RNA

Step 3… Binding the PAM site of double-stranded DNA to Cas9

Step 4… Interrogating the Target DNA strand with the guide RNA

Step 5… Cutting the Target and Non-Target DNA strands



CRISPR Cas9
… for real



Two must see / read 
accounts of the CRISPR story.



Two Cas9 Jmol Explorations…
… computer-based explorations of the structure of Cas9

1. Making the Cut with CRISPR Cas9  
https://cbm.msoe.edu/markMywe
b/basicPrinciplesOfChemistry/cas9.
html

1. The Conformationally Dynamic 
Domains of Cas9  
https://cbm.msoe.edu/markMywe
b/basicPrinciplesOfChemistry/tims
Cas9.html

https://cbm.msoe.edu/markMyweb/basicPrinciplesOfChemistry/cas9.html
https://cbm.msoe.edu/markMyweb/basicPrinciplesOfChemistry/timsCas9.html
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The “evidence” for much of what we know in the molecular biosciences 
is based on shifts in bands on gels!

Both tracrRNA and crRNA are necessary for Cas9 cleavage of DNA



Plasmid         +           +            +           +
Cas9               +           +            +           -
crRNA            +           +            - +
tracRNA         - +            +           +

Experimental Evidence….that tracRNA was required for Cas9 endonuclease activity



Its all about

Shifting bands…

… on gels !



“We propose an alternative methodology based on RNA-
programmed Cas9 that could offer considerable potential for 
gene targeting and genome editing applications.”  

Concluding statement, 2012 Jinek paper



What happens after the cut?

Minding our metaphors….

Stay tuned…



THANK YOU FOR ATTENDING!

Purchase kits at 3dmoleculardesigns.com. 

Use discount code SC22 to receive 20% off most items in 
our catalog. Student Modeling Packs are not eligible for discount.

Models and posters used in this session:


