Module 2:
Metabolic Engineering

Using CRISPR-based tools to manipulate systems




Several CRISPR systems have been identified
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How does the engineered CRISPRi system
differ from native CRISPR?

* Modifications to crRNA / tracrRNA complex

 Modifications to Cas9



CRISPRI system: sgRNA

* (s)gRNA molecule is a target sequence and tracrRNA fused by a linker
loop such that a single transcript used to direct Cas9 cleavage
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sgRNA able to target Cas9 cleavage
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CRISPRI system: dCasS

e dCas9 protein contains mutated residues D10A and H840A that render

it catalytically inactive and unable to cleave DNA, but still able to bind
DNA
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HNH and RuvC endonuclease domains

e RuvC

* Endonuclease that resolves Holliday structure, intermediate structure in which
dsDNA molecule is linked by single-stranded crossover

* HNH

* Found in homing endonucleases, restriction endonucleases, transposases



Cleavage requires HNH and RuvC domains
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HNH and RuvC domains target specific DNA
strands
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Schematic of Cas9 DNA cleavage

 RuvC domain (D10A) cleaves
non-template / coding strand

Proto-spacer PAM
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e HNH domain (H840A) cleaves
template / non-coding strand

e Results in blunt end cut 3 bp
from PAM site



Crystal structure of Cas9 / sgRNA complex
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CRISPRi inhibition of gene expression
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Targeting the coding region with CRISPRi system
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Targeting the promoter with CRISPRi svstem
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CRISPRI blocks transcription
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CRISPRI collision model
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‘c-inducible promoter used to control
RISPRi inhibition of targeted gene
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Components of CRISPRI system

1. Plasmid containing gene that
encodes dCas9

2. Plasmid containing sequence for
SERNA

* sgRNA sequence is complementary to 2.
target sequence R torae

3. Target sequence 1@




CRISPRI inactive in absence of inducer
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CRISPRI inhibits gene expression in presence
f inducer
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What is the take-home message?

* CRISPRI is a tool for non-permanent

genetic manipulation Ec[]|_| HYPS]’ER- D[]ING

e Know how CRISPRI differs from the
native CRISPR system

* Know how the CRISPRI system inhibits | :
expression of a targeted gene




