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• CRISPR-Cas9 targeting system

• Genome-wide CRISPR-Cas9 library screening

• Applications in mammalian cell cultures

• Applications in microbiology & microbial 
pathogenesis



CRISPR-Cas9 targeting system
- CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats) is a microbial

nuclease system

- CRISPR contains two components: a nonspecific CRISPR-associated endonuclease (Cas9)
and a “guide” RNA (gRNA) capable of programming the specificity of the CRISPR-mediated
nucleic acid cleavage



Creating a Loss-of-
Function Mutation 
using CRISPR/Cas9



Genome-wide CRISPR/Cas9 screening
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- Genome-wide scale screens
involve lentiviral delivery of a
pooled genome-scale CRISPR-
Cas9 knockout (GeCKO) library
targeting 19,050 genes in human
cells

- The goal of a CRISPR screen is to
use Cas9 and a pool of gRNAs to
identify genes essential for a
given phenotype

Genome-wide CRISPR/Cas9 screening



• e.g. genes essential for cell viability

• e.g. genes whose loss is involved
in resistance to a drug

Genome-wide CRISPR/Cas9 screening



Applications of CRISPR library screening:

- Cellular signaling

- Drug discovery

- Bacterial/viral host target discovery

- Microbial toxin receptor discovery



Discovery/investigation of cellular signalling
networks using CRISPR/Cas9 screens

• A pooled screening approach provides an opportunity to
interrogate thousands of genetic perturbations in a single
experiment





- T cells play an essential role in maintaining human health against cancer, infection, 
and autoimmune diseases

- mechanisms controlling T cell activation are only partially known

- important for T cell-based immune cancer therapies

- a genome-wide CRISPR screen to search for genes that regulate T cell activation



Discovery of new cancer drug targets 
using CRISPR/Cas9 screens

- Biochemical approaches rely on physical binding of the compound to its protein
target

- RNAi-based screens are noisy due to off-target effects of siRNAs



Host-Pathogen Interactions



A CRISPR screen for novel host targets for 
HIV infection

Park et al., Nature Genetics 2016



• This screen was performed in CD4 + T-cells and was designed to find candidate genes required
for successful HIV infection, but whose inactivation did not affect cell viability.

• Two known (CCR5 and CD4) and three novel (ALCAM, SLC35B2 and TPST2) cellular factors were
discovered, which upon abrogation, prevented HIV infection.

• These new genes are involved in sulfation and cell aggregation pathways and represent
candidate targets for interventional HIV therapy.

Potential drug targets for anti-HIV therapy





Design of a CRISPR/Cas9 screen to identify host factors 
underlying susceptibility to enterohemorrhagic 

Escherichia coli (EHEC) infection

Alline R. Pacheco et al. mBio 2018 



Alline R. Pacheco et al. mBio 2018 







FZDs are functional receptors for TcdB



Tweten et al. 2015

Streptolysin O (SLO)

- secreted toxin of Group A Streptococcus

- member of cholesterol-dependent cytolysins

- binds to cholesterol-containing membranes, oligomerizes and inserts 
into the lipid bilayer to form large pores

Feil et al. 2013
Meehl et al. 2004

- domain 4 contains cholesterol recognition motif and a putative
carbohydrate-binding site

- mutation of SLO cholesterol recognition motif or chemical depletion of
host cell cholesterol does not diminish SLO membrane binding



Glycan microarray analysis reveals SLO has 
glycan-binding activity

SLO binding partners:



Inhibition assay for rSLO host 
surface binding



Preincubation with oligosaccharide LNnT prevents SLO binding to
human oropharyngeal keratinocytes, blocks pore formation and
increases cell viability



GeCKO v2.0 two vector system

CRISPR/Cas9 knockout screening strategy 
Sensitivity: A549 ≈ 5637 > HeLa 
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SLO screen



A549

Illumina MiSeq, 
2 x 150 bp

A549-Cas9 PCR for sgRNA amplicon enrichment 

All sgRNA sequences have universal 3’ and 5’ flanking sequence 



Conclusions

- CRISPR/Cas9 genome-wide library screening is
advantageous over existing techniques

- More precise (less off-targets), easy to use

- Applicable to multiple areas of research (drug discovery,
signalling, pathogenesis, immunology)

- Allows identification of bacterial toxins, viral receptors

- Allows discovery of novel drug targets for new therapeutic
drug design
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