





Cas9 is an RNA-guided DNA endonuclease enzyme
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Application of cas9 in the genome editing
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CRISPR technology: Beyond genome ediling
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Application in biology
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Cas9 Delivery Methods
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cas9 1s a Big protein: bad property
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Protein-Based CRISPR Delivery Technologies

1) Lipid-Based Systems(cationic liposomes)

2) Polymer-Based Systems(Polyethyleneimine (PEI))
3) Nanoparticle-Based Systems

4) Cell-Penetrating Peptide-Based Systems







Cell-penetrating peptide(CPP)

» Short peptides <30

» Have alternating pattern of polar/charged amino acids
and non-polar, hydrophobic amino acids
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Covalent strategy
{e.p. disulfide or thic-esters bonds,
CPP fusion proteins)
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Object of study

Design a delivery system for recombinant CRISPR-
Cas9/Cpfl protein by membrane permeabilizing
amphiphilic peptide




1. 6x histidin reach domain
2. Endosoolytic peptide: CM 18
3. Cell penetrating peptide: PTD4
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Peptide sequences and delivery efficiency
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12His-CM18-PTD4

------- CM18-PTD4-6His
+14:CM18-6His-PTD4: -+
6His-CM18-PTD4-6His

6His-CM18-PTD4 + GFP-NLS (Hela cells)

GFP-NLS delivery score

55 4 il
1
4.5
1 2 3 4 5 6 10
GFP positive cells (%) x cell viability (%)
EV-score = ( pr

OPTIMAL ENTRY- VIABILITY




100

)

Cells with GFP signal (%

@
i

=23
=

F
<

N
=

o

GFP-NLS delivery [ GFP+ cells (%) "= Cell viability (%)

7% _—
I T

62%

25%

Ctrl 5uM 10 uM 20 uM 35 uhi

6His-CM18-PTD4 (1 min)

> o
(=] [ ]
(%) Anqela 18o

F
=)

n
=

—
o
o

o

OPTIMAL CONCENTRATION




Control

E (no peptide)

3 h Post-incubation 24 h Post-incubation

0.0% 0.0%

02% |  01%

(=
o

™
ary
e

Sytox fluorescence (log)
Q

Sytox fluorescence (log)
-
. |

99.1% 0.6% 0.0% 3.1%

102 10* 10° 102 10* 108
FITC fluorescence (log) FITC fluorescence (log)

6His-CM18-PTD4

105

=
<
-3

=
R

Sytox fluorescence (log)
| |
£ ]
Sytox fluorescence (log)
=
<

86.9% 12% 96.7% 3.1%

102 10* 10° 102 10* 10°
FITC fluorescence (log) FITC fluorescence (log)

Fig 1.E. Cell viability assay with both the pre-apoptosis reporter
FITC-Annexin V and the Syto red reagents
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Fig 1.G. GFP-NLS (10 uM) delivery efficiency and related cell viability in multiple
mammalian cells after 1 min incubation of 6His-CM18-PTD4 (10 uM) with adherent
cells or of 6His-CM18-PTD4 (5 uM) with cells in suspension
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Functional assay of cas9 in the gene editing by T7 endonuclease I
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C  Gene target: HPRT - Jurkat cells - Gene target: HPRT - NK cells «
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Fig 4.A. 48 hours after CRISPR RNPs deliveries, (A) the genomic insertion
of a DNA template (72 bp) in the Cas9-edited HPRT gene was confirmed
by PCR amplification with specifically designed primers.
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Fig 4.B. The genomic insertion of a DNA template (76 bp) containing
an EcoR1 site in the Cpfl-edited DNMTI1 gene was confirmed by
exposing DNMT1 PCR product to a EcoR1 restriction enzyme (dashed
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investigate the delivery mechanism and endosomolytic activity
of 6His-CM18-PTD4

|end0cytosis inhibitorsl thatltarget specific pathways: |

amiloride 1s a macropinocytosis blocker

nystatin 1s a caveolae-dependent endocytosis blocker
chlorpromazine 1s a clathrin-mediated endocytosis blocker.
all forms of endocytosis were inhibited by

exposing Hela cells to low temperature.

heparin, a close structural homologue

of heparan sulfate proteoglycans (HSPGs), to compete with
6His-CM 18-PTD4 for cell penetration mediated by HSPG at

the cell surface
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This partial loss of protein signal at low temperature suggests that 6His-CM 18-
PTD4 activates both translocation and endocytosis mechanisms.
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Peptide
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