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CRISPR-Cas: RNA-mediated adaptive

immune system in bacteria and archaea

CRISPR: clustered, regularly interspaced short palindromic repeats
Cas: CRISPR-associated



Infection of bacteria by invading genomes
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The CRISPR-Cas adaptive immune system
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Bacterial pathogens

Streptococcus pyogenes = Group A streptococcus

Manfred Rohde (HZI, Braunschweig)



Type Il CRISPR-Cas: crRNA maturation
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Type Il CRISPR-Cas: DNA interference
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CRISPR-Cas9 technology: a two-component system

The enzyme Cas9 is programmed with a guide RNA
to target and cleave specifically DNA

Linker

Target DNA

tracrRNA

Deltcheva et al., 2011 (Nature); Jinek, Chylinski et al., 2012 (Science)



Important milestones towards gene therapy
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Genome editing with sequence-specific nucleases
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RNA-programmabIe CRISPR-Cas9
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offer considerable potential

for genome editing in cells of
the three kingdoms of life for
biotechnological, biomedical
and gene-therapeutic

Qu rposes.
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e Advantages:

Cheap and easy
Efficient
Versatile
Multiplexing
Various flavors

* Improvements:

Specificity (off-target)
Toxicity
Delivery



tracrRNA is associated to type Il CRISPR-Cas

A

N 9D
S .S
tracrRNA 0"3’0 s 05(\

Seopogenes [t I DD

SF370 J

SIS [ IO

UA159

L innoctia [ e ol B—

Clip11262 :>

N. meningitidis "

72491 Wb
—>—<——-E>DD—V—m M

S. thermophilus

LMD-9 :>—.——»—Db[>—f’—m W

Deltcheva et al., 2011 (Nature)



Interchangeability among dual-RNA-Cas9 orthologs

Dual RNA Cas9
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Applications of CRISPR-Cas9 in biology
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Applications of CRISPR-Cas9 in human medicine

[Human medicine ]

 Understanding of functions of genes and unravel new pathways

* Engineering of disease models

e Screening for new targets for therapeutics

e Validation of new therapeutic targets and medicine under development
e Bed to bench approach (e.g. genetic predisposition for diseases)

e Develop direct therapeutics (e.g. gene therapy)
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CRISPR-Cas9: Funding
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CRISPR-Cas9: Funding

[ Sweden ]

Molecular Infection Medicine Sweden
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CRISPR-Cas9: Funding
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