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The magic of models....

Models make words meaningful!

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 IiImmunity 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.



Modeling

OLERTCEE  The Evolution of Genome Engineering Technology
[usivensiry}

Zinc Finger Nuclease ;
Restriction Endonucleases In the 19807, zinc finger proteins were recognized as specific DNA binding motifs. Researchers TALEN Proteing
In the 1970's, restriction soon learned how to engineer the amino acid sequence of the fingers to direct them to From 2000 to 2010, the
endonucleases were the enabling different 3-bp target sequences. In subsequent work, multiple engineered fingers were strung modular nature of TALENS was
technology that led to genetic together (polydactile zinc fingers), fused with nuclease domains, and used to introduce exploited to make them
engineering. They recognized 6-8 double-stranded cuts at unique sites in the human genome, powerful gene editing agents.

nucleotide-long sequences, and
cut the human genome into
thousands of small fragments.

Cas-9 Protein

CRIPSR Cas-9

In the early 2000's an adaptive immunity system
in bacteria was discovered,...and by 2012 the
utility of the CRISPR Cas9 endonuclease in
engineering the human genome was demonstrat-
ed. CRISPR Cas9 is fundamentally different than the
preceding proteins in the way it recognizes a specific
DNA sequence. Instead of relying on specific
protein-DNA interactions, the Cas9 protein carries
a“"guide RNA"- that forms standard Watson-Crick
base pairs with the target DNA. The Cas9
endonuclease targets a 21 base pair sequence
of DNA - a sufficiently long sequence to be
statistically unique in the human genome.

Guide RNA

Exiting Double
Stranded DNA

Entering Double Stranded DNA
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EcoRl... a restriction enzyme that cuts DNA

at a 6 base-pair palindromic site:

N J
l
3-CTTAAG- 5’
5’-GAATTC- 3’

|

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




4 . )
The human genome is made up of
3,200,000,000 bp of DNA.

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

3,200,000,000

= 781,250 fragments
4,096

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?

N

The answer is...

12 16 24 38 42 ?



{ A statistically unique site in the human genome... }

|GAATTCGTCGCTAATG|

|
16 nucleotides

4x4x4x4x4x4x4x4x4x4x4x4x4x4x4x4=4.3X10°

...Or...

46 =4.3 X 10°




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

CRISPR/Cas9 System
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CRISPR: Connecting New Science to What You Already Teach


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

2. Expression of CRISPR Locus Genes

Building Cas9 Surveillance Complexes

- - ‘
; -‘ ‘ o [$18141 0 4
a0 0o

Trascribed into tracrRNA copies \

Transcribed into pre-<tRNA
Transcribed Into mRNA NI

Translated on Ribosomes into Cas9 Proteins

$ Processed and Assembled -nto Guide RNA Complexes

Assembiled into Functioning Cas9 Surveilfance Complexes
(RNA-guided Endonucieaten)

@@@

»




3 Guiding Graphics
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The Making the Cut with the CRISPR-Cas9 Kit
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Making the Cut with CRISPR-Cas9
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5 Steps in the Making the Cut

Step 1..
Step 2...
Step 3...
Step 4...

Step 5...

. Assembling the tracrRNA...onthe Cas9 protein

Adding the crRNA to the tracr RNA
Binding the PAM site of double-stranded DNA to Cas9
Interrogating the Target DNA strand with the guide RNA

Cutting the Target and Non-Target DNA strands



... for real
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/CRISPR Cas9 :
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Two must see / read
accounts of the CRISPR story.




Two Cas9 Jmol Explorations...

... computer-based explorations of the structure of Cas9

sirand 3 nucleotidos upstream from the PAM sito -
resuling in a blunt.ended, double-stranded cut

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

A Programmable Dual-RNA-Guided
DNA Endonuclease in Adaptive
Bacterial Immunity

Martin Jinek,>?* Krzysztof Chylinski,>** Ines Fonfara,” Michael Hauer,*t
Jennifer A. Doudna,>?**%t Emmanuelle Charpentier’t

Clustered regularly interspaced short palindromic repeats (CRISPR)/CRISPR-associated (Cas) systems
provide bacteria and archaea with adaptive immunity against viruses and plasmids by using
CRISPR RNAs (crRNAs) to guide the silencing of invading nucleic acids. We show here that in a
subset of these systems, the mature crRNA that is base-paired to trans-activating crRNA (tracrRNA)
forms a two-RNA structure that directs the CRISPR-associated protein Cas9 to introduce
double-stranded (ds) breaks in target DNA. At sites complementary to the crRNA-guide sequence,
the Cas9 HNH nuclease domain cleaves the complementary strand, whereas the Cas9 RuvC-like
domain cleaves the noncomplementary strand. The dual-tracrRNA:crRNA, when engineered as a
single RNA chimera, also directs sequence-specific Cas9 dsDNA cleavage. Our study reveals a
family of endonucleases that use dual-RNAs for site-specific DNA cleavage and highlights the
potential to exploit the system for RNA-programmable genome editing.

17 AUGUST 2012 VOL 337 SCIENCE



The “evidence” for much of what we know in the molecular biosciences
is based on shifts in bands on gels!

protospacer 2 plasmid DNA

circular linearized
plasmid-sp2 + + + + + + + + + + + o+
Cas9 — %+ + + + + — + + + + +
crRNA-sp2 —_—— % - —= == - ¢
tracrRNA —_——— b = = — F + +
crRNA-sp1 e B it e e B S O e e W e Wi e B e
Mg* + + + + + — + + + + + -

N kbp

<« ~ 6300 bp
<— ~ 4950 bp

O
>

S

Both tracrRNA and crRNA are necessary for Cas9 cleavage of DNA

<«— ~ 1350 bp




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

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

O




Its all about

Shifting bands...




Concluding statement, 2012 Jinek paper

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



What happens after the cut?

Minding our metaphors....

Stay tuned...



Center for
BioMolecular

Molecular
Designs )
...where molecules become real ™ MOdehng

THANK YOU FOR ATTENDING!

Models and posters used in this session:

~
(A -

Making the Cut with CRISPR-Cas9 ;"
e

Purchase kits at 3dmoleculardesigns.com.
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