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In brief

Lam et al. show that filamentous
bacteriophage can be harnessed as
agents of gene delivery to bacteria
colonizing the gastrointestinal tract.
Using M13 to deliver CRISPR-Cas9, they
demonstrate sequence-specific targeting
of GFP-marked E. coli in the gut and show
that CRISPR-Cas9 can induce genomic
deletions at the target site.



Human microbiome: an important invisible “organ”
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Microbiota vs. Microbiome

The aggregate collection of
genomes and genes (and

M l c R 0 B I 0 M E — more) present in a microbiota.

THEATRE OF ACTIVITY

MICROBIAL STRUCTURAL

The community of
microbes that lives i
an individual.

ENVIRONMENTAL CONDITIONS



Scanning electron micrograph; (SEM) of
human small intestine microbiota.




Functions of the gut microbiota
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Gut microbiota contributes to the pathophysiology of obesity

Obese Mouse Lean Mouse Becomes
Obese Mouse

(fecal transplant)
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Human
microbiota
dysbiosis
contributes to
various
diseases
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Inflammatory bowel disease (IBD):
decrease in bacterial diverity and richness
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Importance of developing microbiome manipulation strategies
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A more precise microbiome-editing strategy: CRISPR/Cas9

CRISPR/Cas9 editing

MY ' .

Personalized Medicine
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CRISPR is part of
bacterial adaptive

" immunity that protect
— them from viral infection \
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CRISPR: a system to archive former invader
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viral DNA

During viral infection, '
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CRISPR: a system to archive former invader
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CRISPR defense
mechanism iIn
Streptococcus

CRISPR surveillance squad:
Cas9
tracrRNA
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Cas9

CRISPR and genome editing
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“for the development of a method
(CRISPR-Cas9) for genome editing”
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Some of the exciting applications of genome editing include:

Basic research Therapeutic Bioproduction
genome editing
In vivo genome editing
Treat diseases by delivering genome l
editing tools directly to the body

o I )¢

Ex vivo genome editing
Break DNA sequences encoding Edit cells outside the body & later Engineer cells to produce useful
cellular parts to learn their functions deliver them to patients compounds

...and much more!
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Filamentous bacteriophage M13

Lee et al., 2013

Single-stranded DNA
(ssDNA) filamentous inovirus

E. coli W1655
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M13 phagemid

The phagemid carries both the CRISPR spacer sequence and the Cas9 protein sequence, which together form the
‘molecular scissors' to cleave the dsDNA in bacteria, achieving specific bacterial strain depletion.
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Phage-delivered CRISPR-Cas9 system

E. coli
N /
—_— [ id) — | i)
Phagemid Phagemid plasmid
= Praetorius et al., 2017.
Lam et al., 2021.
Phagemid Phagemid Release of M13
construction transformation phage particles
1) Get phagemid into the E. coli cell M13 phage particles

carrying CRISPR-

2) The helper plasmid carries genes encoded Cas9 phagemids are
for M13 phage. released from E. coli.

3) During M13 phage assembly within E. coli,

phagemid will be packed into the M13 phage. -



Animal model: Specific pathogen free (SPF) BALB/c mice

-

Oral gavage
mice with
fluorescently
labeled E. coli.

Oral gavage mice
with phage M13.
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Flow cytometry

Lam et al., 2021.
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- Detect bacterial cells based on fluorescence.

- Quantitative analysis.
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