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RATIONALLY-DESIGNED SYNTHETIC PEPTIDE SHUTTLE AGENTS FOR DELIVERING POLYPEPTIDE CARGOS
FROM AN EXTRACELLULAR SPACE TO THE CYTOSOL AND/OR NUCLEUS OF A TARGET EUKARYOTIC CELL,
USES THEREOF, METHODS AND KITS RELATING TO SAME

The present description relates to synthetic peptide shuttle agents useful for delivering a variety of polypeptide cargos
from an extracellular space to the cytosol and/or nucleus of target eukaryotic cells. More specifically, the present description

relates to parameters useful in the rational design of such synthetic peptide shuttle agents

BACKGROUND

Cell delivery technologies to transport large molecules inside eukaryotic cells have a wide range of applications,
particularly in the biopharmaceutical industry. While some soluble chemical substances (e.g., small molecule drugs) may
passively diffuse through the eukaryotic cell membrane, larger cargos (e.q., biologics, polynucleotides, and polypeptides) require
the help of shuttle agents to reach their intracellular targets.

Areas that would greatly benefit from advances in cell delivery technologies include the fields of genome editing and cell
therapy, which have made enormous leaps over the last two decades. Decipnering the different growth factors and molecular
cues that govern cell expangon, differentiation and reprogramming open the door to many therapeutic possibilities for the
treatment of unmet medical needs. For example, induction of pluripotent stem cells directly from adult cells, direct cell conversion
(trans-differentiation), and genome editing (Zinc finger nuclease, 1ALEN and CRISPR-associated endonuclease technologies)
are examples of methods that have been developed to maximize the therapeutic value of cells for clinical applications. Presently,
the production of cells with high therapeutic activity usually requires ex vivo manipulations, mainly achieved by viral transduction,
raising important safety and economical concerns for human applications. The ability to directly deliver active proteins such as
transcription factors or artificial nucleases, inside these cells, may advantageously circumvent the safety concerns and regulatory
hurdles associated with more risky gene transfer methods. In particular, methods of directly delivering active genome editing
complexes in immune cells in order to improve immunotherapy would be highly desiraple.

Protein transduction approaches involving fusing a recombinant protein cargo directly to a cell-penetrating peptide (e.g.,
HIV transactivating protein TAT) require large amounts of the recombinant protein and often fail to deliver the cargo to the proper
supcellular location, leading to massive endosomal trapping and eventual degradation. Several endosomal membrane-disrupting
peptides have been developed to try to facilitate the escape of endosomally-trapped cargos to the cytosol. However, many of
these endosomolytic peptides have been used to alleviate endosomal entrapment of cargos that have already been delivered

intracellularly, and do not by themselves aid in the Initial step of shuttling the cargos intracellularly across the plasma membrane

(Salomone et al., 2012, Salomone et al., 2013; Erazo-Oliveras et al., 2014, Fasoli et al., 2014).

In particular, Salomone et al., 2012 described a chimeric peptide CM1e-TAT 14, resulting from the fusion of the Tat1 cell
penetrating motif to the CM18 hybrid (residues 1-7 of Cecropin-A and 2-12 of Melittin). This peptide was reported to be rapidly
Internalized by cells (due to its TAT motif) and subsequently responsible for destabilizing the membranes of endocytic vesicles
(due to the membrane disruptive abilities of the CM18 peptide). Although the peptide CM1e-TAT 11 fused to the fluorescent label
Atto-633 (molecular weight of 774 Da; 21% of the MW of the peptide) was reported to facilitate the escape of endosomally trapped
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TAT11-EGFP to the cytosol (see Figure 3 of Salomone et al., 2012), the CM1s-TAT 14 peptide (alone or conjugated to Atto-633)
was not shown to act as a shuttle agent that can increase delivery of a polypeptide cargo from an extraceliular space fo inside of
the cell — 1.e., across the plasma membrane. In fact, Salomone et al., 2012 compared co-treatment (simultaneous treatment of
TAT11-EGFP and CM1s-TAT11-Atto-633) versus time-shifted treatment (.e., incubation of cells with TAT-EGFP alone,

fluorescence Imaging, and then incubation of the same cells with the CM1s-TAT 1+-Atto-633 peptide alone, and again fluorescence

imaging), and the authors reported that “both yielded the same delivery resuits’ (see page 295 of Salomone et al., 2012, last
sentence of first paragraph under the heading “2.9 Cargo delivery assays’). In other words, Salomone et al., 2012 described that
the peptide CM1s-TAT11 (alone or conjugated to Atto-633) had no effect on delivery of a polypeptide cargo from an extracellular
space to Inside of the cell (1.e., protein transduction). Thus, there remains a need for improved shuttle agents capable of increasing
the transduction efficiency of polypeptide cargos, and delivering the cargos to the cytosol and/or nucleus of target eukaryotic cells.

The present description refers to a number of documents, the content of which Is herein incorporated by reference in

their entirety.

SUMMARY

A plurality of different peptides was screened with the goal of identifying polypeptide-based shuttle agents that can
deliver independent polypeptide cargos intracellularly to the cytosol/nucleus of eukaryotic cells. On one hand, these large-scale
screening efforts led to the surprising discovery that certain domain-based peptide shuttle agents increase the transauction
efficiency of polypeptide cargos in eukaryotic cells, by increasing the number and/or proportion of cells that ultimately internalize

the polypeptide cargos, and also enable the internalized cargos to gain access to the cytosol/nuclear compartment (thus avoiding

or reducing cargo endosomal entrapment). These domain-base shuttle agents comprise an endosome leakage domain (ELD)
operably linked to a cell penetrating domain (CPD), and optionally one or more histidine-rich domains. On the other hand, the
above screening efforts also revealed some peptides having no or low polypeptide cargo transduction activity, excessive toxicity,
and/or other undesirable properties (e.g., poor solubility and/or stability). These empirical data (both positive and negative) were
used herein to identify physiochemical properties of successiul, less successiul, and failed peptides in order to arrive at a set of
design parameters that enable the rational design and/or identification of peptides having protein transduction activity.
Accordingly, the present description relates to methods for delivering polypeptide cargos from an extracellular space to
the cytosol and/or nucleus of a target eukaryotic cell by contacting the cell with the polypeptide cargo in the presence of a peptide
shuttle agent as described herein, at a concentration sufficient to increase the polypeptide cargo’s transduction efficiency, as
compared to In the absence of the shuttle agent. More particularly, the present description relates to parameters that may be
used In the rational design of such synthetic peptide shuttle agents, peptide shuttle agents that satisfy one or more of these design
parameters, as well as methods and compositions relating to the use of the synthetic peptide shuttle agents for delivery of a
variety of polypeptide cargos from an extracellular space to the cytosol andfor nucleus of target eukaryotic cells. The present
description also relates to machine-learning or computer-assisted approaches that may be used to generate peptide variants that

respect one or more of the design parameters described herein.
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The present description also relates to co-transducing a polypeptide cargo of interest and a marker protein as a means
to Identify and/or enrich transduced cells. It was surprisingly discovered that a strikingly high proportion of target eukaryotic cells
that were successfully transduced with a polypeptide cargo of interest, were also successiully transduced with a marker protein.
Conversely, a strikingly high proportion of cells that were not transduced with the polypeptide cargo of interest, were also not
transduced with the marker protein. Isolating cells positive for the marker protein (e.g., via FACS) resulted in a significant increase
In the proportion of cells that were successfully transduced with the polypeptide cargo of interest, and the correlation was found
to be concentration dependent in that cell populations exhibiting the highest fluorescence of the marker protein also tended to
exhibit the highest proportion of transduction with the polypeptide cargo of interest. It was also discovered that cells that were

unsuccesstully transduced following a first round of transduction with a polypeptide cargo of interest, may be isolated and re-

transduced with the polypeptide cargo of interest in subsequent rounds of transduction. Thus, In some aspects, the present
description relates to methods comprising co-transduction of a polypeptide cargo of interest with a marker protein, wherein the
marker protein may be used to isolate or enrich cells transduced with a polypeptide cargo of interest. In some embodiments, the
present description also relates to methods comprising repeated successive transduction experiments performed on, for example,

cells that were not successtully transduced with a marker protein following a first or previous transduction reaction. Such methods

present attractive approaches for increasing transduction efficiency in valuable cell populations (e.g., patient-derved cells for cell

therapy), and/for in cell populations that are inherently more difficult to transduce.

General Definitions

Headings, and other identifiers, e.g., (a), (b), (1), (i), etc., are presented merely for ease of reading the specification and
claims. The use of headings or other identifiers in the specification or claims does not necessarily require the steps or elements
be performed in alphabetical or numerical order or the order in which they are presented.

{ Py}

The use of the word "a” or "an” when used in conjunction with the term “comprising” in the claims and/or the specification

b I 1

may mean “one” but it is also consistent with the meaning of “one or more”, “at least one”, and “one or more than one”

The term “about’ is used to indicate that a value includes the standard deviation of error for the device or method being
employed in order to determine the value. In general, the terminology “about” is meant to designate a possible variation of up to
10%. Therefore, avariationof 1,2, 3,4, 5,6, 7, 8, 9 and 10% of a value is included in the term “about’. Unless indicated otherwise,
use of the term “about” before a range applies to both ends of the range.

As used in this specification and claim(s), the words “comprising” (and any form of comprising, such as “comprise”’ and
‘comprises’), “having” (and any form of having, such as *have’ and “has’), “including” (and any form of including, such as
‘Includes’ and “include”) or “containing” (and any form of containing, such as “‘contains’ and “contain”) are inclusive or open-
ended and do not exclude additional, unrecited elements or method steps.

As used herein, “protein’ or “polypeptide’ or “peptide’ means any peptide-linked chain of amino acids, which may or
may not comprise any type of modification (e.g., chemical or post-translational modifications such as acetylation, phosphorylation,

glycosylation, sulfatation, sumoylation, prenylation, ubiquitination, etc.). For further clarty, protein/polypeptide/peptide
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modifications are envisaged so long as the modification does not destroy the protein transduction activity of the shuttle agents
described herein

As used herein, a "domain” or "protein domain” generally refers to a part of a protein having a particular functionality
or function. Some domains conserve their function when separated from the rest of the protein, and thus can be used in a modular
fashion. The modular characteristic of many protein domains can provide flexibility in terms of their placement within the shuttle
agents of the present description. However, some domains may perform better when engineered at certain positions of the shuttle
agent (e.g., at the N- or C-terminal region, or therebetween). The position of the domain within its endogenous protein Is
sometimes an Indicator of where the domain should be engineered within the shuttle agent and of what typeflength of linker
should be used. Standard recombinant DNA techniques can be used by the skilled person to manipulate the placement and/or
number of the domains within the shuttle agents of the present description in view of the present disclosure. Furthermore, assays
disclosed herein, as well as others known In the art, can be used to assess the functionality of each of the domains within the
context of the shuttle agents (e.qg., their ability to facilitate cell penetration across the plasma membrane, endosome escape,
andfor access to the cytosol). Standard methods can also be used to assess whether the domains of the shuttle agent affect the
activity of the cargo to be delivered intracellularly. In this regard, the expression “operably linked" as used herein refers to the
abllity of the domains to carry out their intended function(s) (e.g., cell penetration, endosome escape, and/or subcellular targeting)
within the context of the shuttle agents of the present description. For greater clarity, the expression “operably linked” is meant to
define a functional connection between two or more domains without being limited to a particular order or distance between same.

As used herein, the term “synthetic’ used in expressions such as “synthetic peptide” or “synthetic polypeptide” is
intended to refer to non-naturally occurring molecules that can be produced in vifro (e.g., synthesized chemically and/or produced
using recombinant DNA technology). The punties of various synthetic preparations may be assessed by, for example, high-
performance liquid chromatography analysis and mass spectroscopy. Chemical synthesis approaches may be advantageous
over cellular expression systems (e.g., yeast or bacteria protein expression systems), as they may preclude the need for extensive
recombinant protein purification steps (e.g., required for clinical use). In contrast, longer syntnetic polypeptides may be more
complicated and/or costly to produce via chemical synthesis approaches and such polypeptides may be more advantageously
produced using cellular expression systems. In some embodiments, the peptides or shuttle agent of the present description may
be chemically synthesized (e.g., solid- or liquid phase peptide synthesis), as opposed to expressed from a recombinant host cell.
In some embodiments, the peptides or shuttle agent of the present description may lack an N-terminal methionine residue. A
person of skill In the art may adapt a synthetic peptide or shuttle agent of the present descrption by using one or more modified
amino acids (e.g., non-naturally-occurring amino acids), or by chemically modifying the synthetic peptide or shuttle agent of the
present description, to suit particular needs of stability or other needs.

The expression “polypeptide-based’ when used here in the context of a shuttle agent of the present description, Is
Intended to distinguish the presently described shuttle agents from non-polypeptide or non-protein-based shuttle agents such as
lipig- or cationic polymer-based transduction agents, which are often associated with increased cellular toxicity and may not be

suitable for use In human therapy.
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As used herein, the term “independent’ is generally intended refer to molecules or agents which are not covalently
bound to one another. For example, the expression “independent polypeptide cargo’ is infended fo refer to a polypeptide cargo
to be delivered intracellularly that is not covalently bound (e.g., not fused) to a shuttle agent of the present description. In some
aspects, having shuttle agents that are independent of (not fused to) a polypeptide cargo may be advantageous by providing
Increased shuttle agent versatility -- .., not being required to re-engineer a new fusion protein for different polypeptide cargoes,
and/or being able to readily vary the ratio of shuttle agent to cargo (as opposed to being limited to a 1:1 ratio in the case of a
fusion protein).

As used herein, the expression “is or Is from” or “is from” comprises functional variants of a given protein domain (e.g.,
CPD or ELD), such as conservative amino acid substitutions, deletions, modifications, as well as variants or function derivatives,
which do not abrogate the activity of the protein domain.

Other objects, advantages and features of the present description will become more apparent upon reading of the
following non-restrictive description of specific embodiments thereof, given by way of example only with reference to the

accompanying dramngs.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

Figures 1A and 1B snow a typical result of a calcein endosomal escape assay in which HEK293A cells were loaded

with the fluorescent dye calcein ("100 uM calcein’), and were then freated (or not) with a shuttle agent that facilitates endosomal
escape of the calcein (*100 uM calcein + CM18-TAT 5 uM"). Figure 1A shows the results of a fluorescence microscopy
experiment, while Figure 1B shows the results of a flow cytometry experiment.

Figure 2 shows the results of a calcein endosomal escape flow cytometry assay in which Hela cells were loaded with
calcein (‘calcein 100 uM"), and were then treated with increasing concentrations of the shuttle agent CM18-TAT-Cys (labeled
‘CM18-TAT").

Figures 3 and 4 show the results of calcein endosomal escape flow cytometry assays in which Hela cells (Figure 3) or
primary myoblasts (Figure 4) were loaded with calcein ("calcein 100 uM™), and were then treated with 5 uM or 8 uM of the shuttle
agents CM18-TAT-Cys or CM18-Penetratin-Cys (labeled *CM18-TAT" and "*CM18-Penetratin’, respectively).

Figure 5 shows the results of a GFP fransduction experiment visualized by fluorescence microscopy in which a GFP
cargo protein was co-incubated with 0, 3or & uM of CM18-TAT-Cys (labeled “CM18-TAT"), and then exposed to HeLacells. The
cells were observed by bright field (upper panels) and fluorescence microscopy (lower panels).

Figures 6A and 6B show the results of a GFP transduction efficiency experiment in which GFP cargo protein (10 uM)

was co-incubated with different concentrations of CM18-TAT-Cys (labeled "CM18-TAT"), prior to being exposed to Hel.a cells.

Cells were evaluated by flow cytometry and the percentage of fluorescent (GFP-positive) cell i1s shown in Figure 6A, and

corresponding cell toxicity data is shown in Figure 6B.
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Figures 7A and 7B shows the results of a GFP transduction efficiency experiment in which different concentrations of
GFP cargo protein (10, 5 or 1 yM) were co-incubated with either 5 uyM of CM18-TAT-Cys (Figure 7A, labeled “CM18TAT"), or
2.5 UM of dCM18-TAT-Cys (Figure 7B, labeled "dCM1STAT"), prior to being exposed to Hel a cells. Cells were evaluated by flow

cytometry and the percentages of fluorescent (GFP-positive) cells are shown.

Figures 8 and 9 snow the results of GFP transduction efficiency experiments in which GFP cargo protein (10 uM) was
co-incubated with different concentrations and combinations of CM18-TAT-Cys (labeled “CM18TAT"), CM18-Penetratin-Cys
(labeled “CM18penetratin®), and dimers of each (dCM18-TAT-Cys (labeled “dCM18TAT"), dCM18-Penetratin-Cys (labeled
*dCM18penetratin”), prior to being exposed to Hela cells. Cells were evaluated by flow cytometry and the percentages of
fluorescent (GFP-positive) cells are shown.

Figure 10 shows typical results of a TAT-GFP transduction experiment in which TAT-GFP cargo protein (5 uM) was co-
incubated with 3 uM of CM18-TAT-Cys (labeled “CM18-TAT"), prior to being exposed to Hel a cells. Cells and GFP fluorescence
were visualized by bright field and fluorescence microscopy at 10x and 40x magnifications. Arrows indicate the endosome delivery
of TAT-GFP In the absence of CM18-TAT-Cys, as well asits nuclear delivery in the presence of CM18-TAT-Cys.

Figures 11A and 11B show the results of a TAT-GFP transduction efficiency experiment in which TAT-GFP cargo
protein (o |UM) was co-incubated with different concentrations of CM18-TAT-Cys (labeled "CM18TAT"), prior to being exposed to
Hel a cells. Cells were evaluated by flow cytometry and the percentage of fluorescent (GFP-positive) cell is shown in Figure 11A,
and corresponding cell toxicity data is shown in Figure 11B.

Figure 12 shows typical results of a GFP-NLS transduction experiment in which GFP-NLS cargo protein (5 uM) was
co-incubated with 5 UM of CM18-TAT-Cys (labeled "CM18-TAT"), prior to being exposed to Hel a cells for 5 minutes. Cells and

GFP fluorescence were visualized by bright field and fluorescence microscopy at 10x, 20x, and 40x magnifications. Arrows

indicate areas of nuclear delivery of GFP-NLS.
Figures 13A and 13B show the results of a GFP-NLS transduction efficiency experiment in which GFP-NLS cargo
protein (5 UM) was co-incubated with different concentrations of CM18-TAT-Cys (labeled “CM18TAT"), prior to being exposed to

Hel a cells. Cells were evaluated by flow cytometry and the percentage of fluorescent (GFP-positive) cell is shown in Figure 13A,

and corresponding cell toxicity data is shown in Figure 13B.

Figures 14 and 15 show the results of GFP-NLS transduction efficiency experiments in which GFP-NLS cargo protein
(5 uM) was co-incubated with different concentrations and combinations of CM18-TAT (labeled “CM18TAT"), CM16-Penetratin
(labeled “CM18penetratin’), and dimers of each (dCM18-TAT-Cys, dCM18-Penetratin-Cys; labeled “dCM18TAT" and
*dCM18penetratin®, respectively), prior to being exposed to Hela cells. Cells were evaluated by flow cytometry and the

percentages of fluorescent (GFP-positive) cells are shown.

Figure 16 shows the results of a GFP-NLS transduction efficiency experiment in which GFP-NLS cargo protein (5 uM)
was co-incubated with either CM18-TAT-Cys (3.5 UM, [abeled “CM18TAT") alone or with dCM18-Penetratin-Cys (1 uM, labeled
*dCM18pen”) for 5 minutes or 1 hour in plain DMEM media ("DMEM") or DMEM media containing 10% FBS (*FBS’), before being

subjected to flow cytometry analysis. The percentages of fluorescent (GFP-positive) cells are shown. Cells that were not treated
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with shuttle agent or GFP-NLS (“ctrl”), and cells that were treated with GFP-NLS without shuttle agent ("*GFP-NLS 5 uM”) were
used as controls.

Figures 17A and 17B show the results of a GFP-NLS transduction efficiency experiment in which GFP-NLS cargo
protein (5 M) was co-incubated with or without 1 UM CM18-TAT-Cys (labeled *CM18TAT"), prior to being exposed to THP-1
cells. Cells were evaluated by flow cytometry and the percentage of fluorescent (GFP-positive) cells is shown in Figure 17A, and

corresponding cell toxicity data is shown in Figure 17B.

Figure 18 shows the results of a transduction efficiency experiment in which the cargo protein, FITC-abeled anti-tubulin
antibody (0.5 uM), was co-incubated with 5 uM of CM18-TAT-Cys (labeled “CM18-TAT"), prior to being exposed to Hela cells.
Functional antibody delivery was visualized by bright field (20x) and fluorescence microscopy (20x and 40x), in which fluorescent
tubulin fibers in the cytoplasm were visualized.

Figures 19A and 19B shows the results of an FITC-labeled anti-tubulin antibody transduction efficiency experiment in
which the antibody cargo protein (0.5 uM) was co-incubated with 3.5 uM of CM18-TAT-Cys (labeled “CM18TAT"), CM18-
Penetratin-Cys (labeled “CM18pen”) or dCM18-Penetratin-Cys (labeled “*dCM18pen”), or a combination of 3.5 uM of CM18-TAT-
Cys and 0.5 UM of dCM18-Penetratin-Cys, prior to being exposed to Hel a cells. Cells were evaluated by flow cytometry and the
percentage of fluorescent (FITC-positive) cell is shown in Figure 19A, and corresponding cell toxicity data is shown in Figure
19B.

Figure 20 shows the results of DNA transfection efficiency experiment in which plasmid DNA (pEGFP) was labeled with
a Cyo>™ dye was co-incubated with 0, 0.05, 0.5, or 5 uM of CM18-TAT-Cys (labeled "CM18-TAT"), prior to being exposed to

HEK293A cells. Flow cytometry analysis allowed quantification of Cys5™ emission (corresponding to DNA intracellular delivery;

y-axis) and GFP emission (corresponding to successful nuclear delivery of DNA; percentage indicated above each bar).

Figures 21A and 21B show the results of a GFP-NLS transduction efficiency experiment in which the GFP-NLS cargo
protein (5 M) was co-incubated with 1, 3, or 5 UM of CM18-TAT-Cys (labeled "CM18TAT"), of His-CM18-TAT (labeled “His-

CM18TAT"), prior to being exposed to Hel a cells. Cells were evaluated by flow cytometry and the percentage of fluorescent

(GFP-positive) cell is shown in Figure 21A, and corresponding cell toxicity data is shown in Figure 21B.
Figures 22A and 22B show the results of a transduction efficiency experiment in which GFP-NLS cargo protein was
intracellularly delivered using the shuttle His-CM18-PTD4 in Hel a cells. GFP-NLS transduction efficiency was evaluated by flow

cytometry and the percentage of GFP fluorescent cells ("Pos cells (%)"), as well as corresponding cell viability data (“viability (%))

are shown. Figure 22A shows a comparison of GFP-NLS transduction efficiencies using different transduction protocols (Protocol
A vs. B). Figure 22B shows the effect of using different concentrations of the snuttle His-CM18-PTD4 when using Protocol B.
Figures 23-26 are microscopy images showing the results of transduction experiments in which GFP-NLS (Figures 23,

24A, 24B, 25 and 26) or | TC-labeled anti-tubulin antibody (Figure 24C and 24D) cargo protein was intracellularly delivered with

the shuttle His-CM18-PTD4 in Hela cells. The bright field and fluorescence images of living cells are shown in Figures 23, 24

and 26. In Figure 25, the cells were fixed, permeabillized and subjected to iImmuno-labelling with an ant-GFP antibody and a
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fluorescent secondary antiboay. White triangle windows indicate examples of areas of co-labelling between nuclel (DAPI) and
GFP-NLS signals. Figure 26 shows iImages captured by confocal microscopy.
Figures 27A-27D show microscopy images of a kinetic (ime-course) transduction experiment in Hel a cells, where the

fluorescence of GFP-NLS cargo protein was tracked after 45 (Fig. 27A), 75 (Fig. 2/B), 100 (Fig. 2/C), and 120 (Fig. 27D) seconds

following intracellular delivery with the shuttle His-CM18-P TD4. The diffuse cytoplasmic fluorescence pattern observed after 45

seconds (Fig. 27A) gradually becomes a more concentrated nuclear pattern at 120 seconds (Fig. 27D).

Figures 28A-28D show microscopy images of co-delivery transduction experiment in which two cargo proteins (GFP-
NLS and mCherry™-NLS) are simultaneously delivered intracellularly by the shuttle His-CM18-PTD4 in Hela cells. Cells and
fluorescent signals were visualized by (Figure 28A) bright field and (Figure 28B-28D) fluorescence microscopy. White triangle
windows Indicate examples of areas of co-labelling between nuclel (DAPI) and GFP-NLS or mCherry ™,

Figures 29A-291 show the results of GFP-NLS transduction efficiency experiments in Hela cells using different shuttle
agents or single-domain/control peptides. GFP-NLS transduction efficiency was evaluated by flow cytometry and the percentage
of GFP fluorescent cells (*Pos cells (%)"), as well as corresponding cell viability data (*viability (%)") are shown in Figures 29A,
29B, 29D-29G and 29I. In Figures 29A and 29D-29F, cells were exposed to the cargo/shuttle agent for 10 seconds. In panel |,
cells were exposed to the cargo/shuttle agent for 1 minute. In Figures 29B, 29C, 29G and 29H, cells were exposed to the
cargo/shuttle agent for 1, 2, or o min. “Relative fluorescence intensity (FL1-A)" or “Signal intensity” corresponds to the mean of all
fluorescence intensities from each cell with a GFP fluorescent signal after GFP-NLS fluorescent protein delivery with the shuttle
agent. Figure 29D shows the results of a control experiment in which only single-domain peptides (ELD or CDP) or the peptide
His-PTD4 (His-CPD) were used for the GFP-NLS transduction, instead of the multi-domain shuttle agents.

Figures 30A-30F show microscopy images of Hela cells fransduced with GFP-NLS using the shuttle agent Figure
30A: TAT-KALA, Figure 30B: His-CM18-PTD4, Figure 30C: His-C(LLKK);C-PTD4, Figure 30D: PTD4-KALA, Figure 30E:
—B1-PTD4, and Figure 30F: His-CM18-PTD4-His. The insets in the bottom row panels show the results of corresponding flow

cytometry analyses, indicating the percentage of cells exhibiting GFP fluorescence.

Figure 31 shows the results of a transduction efficiency expenment in which GFP-NLS cargo protein was intracellularly
delivered using the shuttle His-=CM18-PTD4 in THP-1 cells using different Protocols (Protocol A vs C). GFP-NLS transduction
efficiency was evaluated by flow cytometry and the percentage of GFP fluorescent cells ("Pos cells (%)), as well as corresponding
cell viability data ("viability (%)") are shown. “Ctrl” corresponds to THP-1 cells exposed to GFP-NLS cargo protein in the absence
of a shuttle agent.

Figures 32A-32D shows microscopy images of THP-1 cells transduced with GFP-NLS cargo protein using the shuttle

IsS-CM18-PTD4. Images captured under at 4x, 10x and 40x magnifications are shown in Figures 32A-32C, respectively. White
triangle windows In Figure 32C indicate examples of areas of co-labelling between cells (bright field) and GFP-NLS fluorescence.
Figures 32D shows the results of comresponding flow cytometry analyses, indicating the percentage of cells exhibiting GFP

fluorescence.
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Figure 33A-33D show microscopy images of THP-1 cells transduced with GFP-NLS cargo protein using the shuttle His-

CM18-PTDA4. White triangle windows indicate examples of areas of co-labelling between cells (bright field; Figures 33A and
33B), and GFP-NLS fluorescence (Figure 33C and Figure 33D).

Figures 34A-34B show the results of GFP-NLS transduction efficiency experiments in THP-1 cells using the shuttle
TAT-KALA, His-CM18-PTD4, or His-C(LLKK)3C-PTD4. The cargo protein/shuttle agents were exposed to the THP-1 cells for 15,
30, 60 or 120 seconds. GFP-NLS transduction efficiency was evaluated by flow cytometry and the percentage of GFP fluorescent

cells ("Pos cells (%)"), as well as corresponding cell viability data ("viability (%)") are shown in Figure 34A. In Figure 34B, ‘Relative

fluorescence Intensity (FL1-A)" corresponds to the mean of all fluorescence intensities from each cell with a GFP fluorescent

signal after GFP-NLS fluorescent protein delivery with the shuttle agent.

Figure 35A-35F shows the results of fransduction efficiency experiments in which THP-1 cells were exposed dally to
GFP-NLS cargo In the presence of a shuttle agent for 2.5 hours. His-CM18-PTD4 was used in Figures 35A-35E, and His-
C(LLKK):C-PTD4 was used In Figure 38F. GFP-NLS transduction efficiency was determined by flow cytometry at Day 1 or Day
3, and the results are expressed as the percentage of GFP fluorescent cells ("Pos cells (%)), as well as corresponding cell viability
data ("viablility (%)") in Figures 35A-35C and 35F. Figure 35D shows the metabolic activity index of the THP-1 cells after 1, 2, 4,
and 24h, and Figure 35E shows the metapolic activity index of the THP-1 cells after 1 to 4 days, for cells exposed to the His-
CM18-PTD4 shuttle.

Figure 36 shows a comparison of the GFP-NLS transduction efficiencies in a plurality of different types of cells (e.g.,
adherent and suspension, as well as cell lines and primary cells) using the shuttie His-CM18-PTD4, as measured by flow
cytometry. The results are expressed as the percentage of GFP fluorescent cells ("Pos cells (%)), as well as corresponding cell
viability data (“viability (%)").

Figures 37A-37H show fluorescence microscopy images of different types of cells transduced with GFP-NLS cargo

using the shuttle HIsS-CM18-PTD4. GFP fluorescence was visualized by fluorescence microscopy at a 10x magnification. The
results of parallel flow cytometry experiments are also provided in the insets (viability and percentage of GFP-fluorescing cells).

Figures 38A-38B show fluorescence microscopy images of primary human myoblasts transduced with GFP-NLS using

the shuttle HIS-CM18-PTD4. Cells were fixed and permeabilized prior to immuno-labelling GFP-NLS with an anti-GFP antibody
and a fluorescent secondary antibody. Immuno-labelled GFP is shown in Figure 38A, and this image Is overlaid with nuclel

(DAPI) labelling in Figure 38B.
Figure 39A-39E show a schematic layout (Figures 39A, 39B and 39C) and sample fluorescence images (Figure 39D

and 39E) of a transfection plasmid surrogate assay used to evaluate the activity of intracellularly delivered CRISPR/Cas9-NLS
complex. At Day 1 (Figure 39A), cells are transfected with an expression plasmid encoding the fluorescent proteins mCherry ™

and GFP, with a STOP codon separating their two open reading frames. Transfection of the cells with the expression plasmid

results in only mCherry™ expression (Figure 39D). A CRISPR/Cas9-NLS complex, which has been designed/programmed to
cleave the plasmid DNA at the STOP codon, is then delivered intracellularly to the transfected cells expressing mCherry™

resulting double-stranded cleavage of the plasmid DNA at the STOP codon (Figure 39B). In a fraction of the cells, random non-



10

19

20

29

30

CA 03038839 2015-03-29

WO 2018/068135 PCT/CA2017/051205

homologous DNA repair of the cleaved plasmid occurs and results in removal of the STOP codon (Figure 39C), and thus GFP
expression and fluorescence (Figure 39E). White triangle windows indicate examples of areas of co-labelling of mCherry™ and
GFP fluorescence.

Figure 40A-40H show fluorescence microscopy images of Hela cells expressing mCherry™ and GFP, indicating
CRISPR/Cas9-NLS-mediated cleavage of plasmid surrogate DNA. In panels A-D, Hela cells were co-transfected with three
plasmids: the plasmid surrogate as described in the brief description of Figures 39A-39E, and two other expression plasmids

encoding the Cas9-NLS protein and crRNA/tracrRNAs, respectively. CRISPR/Cas9-mediated cleavage of the plasmid surrogate

at the STOP codon, and subseguent DNA repair by the cell, enables expression of GFP (Figure 40B and 40D) in addition to
mCherry™ (Figure 40A and 40C). In Figures 40E-40H, Hela cells were transfected with the plasmid surrogate and then
transduced with an active CRISPR/Cas9-NLS complex using the shuttle His-CM18-PTD4. CRISPR/Cas9-NLS-mediated
cleavage of the plasmid surrogate at the STOP codon, and subsequent DNA repair by the cell, enables expression of GFP

(Figures 40F and 40H) in addition to mCherry™ (panels 40E and 40G).
Figure 41A (lanes A to D) shows the products of a DNA cleavage assay (1/E1 assay) separated by agarose gel

electrophoresis, which Is used to measure CRISPR/CasY-mediated cleavage of cellular genomic DNA. Hela cells were
transduced with a CRISPR-Cas9-NLS complex programmed to cleave the PPIB gene. The presence of the cleavage product
framed In white boxes 1 and 2, indicates cleavage of the PPIB gene by the CRISPR-Cas9-NLS complex, which was delivered

intracellularly using the shuttle His-C(LLKK)sC-PTD4 (Figure 41A, lane B) or with a lipidic transfection agent used as a positive

control (Figure 41A, lane D). This cleavage product is absent in negative controls (Figure 41A, lanes A and C).

Figure 41B shows the products of a DNA cleavage assay (1/7E1 assay) separated by agarose gel electrophoresis,

which is used to measure CRISPR/Cas9-mediated cleavage of cellular genomic DNA (PPIB DNA sequences). The left panel

shows the cleavage product of the amplified PPIB DNA sequence by the CRIPR/Cas9 complex after the delivery of the complex

with the shuttle agent His-CM18-PTD4 in Hel a cells. The right panel shows amplified DNA sequence before the T/7E1 digestion

procedure as a negative control.

Figure 41C shows the products of a DNA cleavage assay (1/7E1 assay) separated by agarose gel electrophoresis,

which Is used to measure CRISPR/Cas9-mediated cleavage of cellular genomic DNA (PPIB DNA sequences). The left panel
shows the amplified PPIB DNA sequence after incubation of the Hel a cells with the Cas9/RNAs complex in presence of a lipidic
transfection agent (Dharmarect™ transfection reagent # 1-20XX-01) (positive control). The right panel shows amplified DNA
sequence before the T/E1 digestion procedure as a negative control. Figures 42-44 show the transcriptional activity of

THP-1 cells that have been transduced with the transcription factor HOXB4 using different concentrations of the shuttle His-

CM18-PTD4 and different cargo/shuttle exposure times. successful intra-nuclear delivery of HOXB4 was determined by
monitoring MRNA levels of a target gene by real-time PCR, and the results are normalized against those Iin the negative control
(HOXB4 without shuttle agent) and expressed as “Fold over control” (left bars). Total cellular RNA (ng/uL) was quantified and
used a marker for cell viability (nght bars). “@" or “Ctrl” means "no treatment”; “TF" means “Transcription Factor alone™; “FS”

means “shuttle alone”.
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Figures 45A-45D show fluorescence microscopy images of Hel a cells transduced with wild-type HOXB4 cargo using

the shuttle His-CM18-P TD4. Aiter a 30-minute incubation to allow transduced HOXB4-WT to accumulate in the nucleus, the cells

were fixed, permeabilized and HOXB4-WT was labelled using a primary anti-HOXB4 monoclonal antboay and a fluorescent
secondary antibody (Figures 45B and 45D). Nuclel were labelled with DAPI (Figures 45A and 45C). White triangle windows
Indicate examples of areas of co-labelling between nuclel and HOXB4 — compare Figure 45A vs 45B (x20 magnification), and

Figure 45C vs 45D (x40 magnification).

Figures 46A and 46B show the products of a DNA cleavage assay separated by agarose gel electrophoresis, wnich is

used to measure CRISPR/Cas9-mediated cleavage of cellular genomic DNA (HP TR sequence) after intracellular delivery of the
complex with different shuttle agents. Figure 46A shows the results with the shuttle agents: His-CM18-PTD4, His-CM18-PTD4-
His, and His-C({LLKK)3C-PTD4 in Hela cells. Figure 46B shows the results with His-CM18-P TD4-His and His-CM18-L2-PTD4

In Jurkat cells. Negative controls (lane 4 in panels A and B) show amplified HPTR DNA sequence after incubation of the cells

with the CRISPR/Cas9 complex without the presence of the shuttle agent. Positive controls (lane 5 in panels A and B) show the
amplified HPTR DNA sequence after incubation of the cells with the Cas9/RNAs complex in presence of a commercial lipidic
transfection agent

Figure 47 shows the transcriptional activity of THP-1 cells that have been transduced with the transcription factor
HOXB4 using the shuttle agents His-CM18-PTD4, TAT-KALA, EB1-PTD4, His-C(LLKK)3C-PTD4 and His-CM18-PTD4-His.
Successtul intra-nuclear delivery of HOXB4 was determined by monitoring mRNA levels of a target gene by real-time PCR, and
the results were normalized against those in the negative control (HOXB4 without shuttle agent) and expressed as “Fold over
control” (left bars). Total cellular RNA (nhg/uL) was quantified and used a marker for cell viability (right bars). “@" or “Ctrl" means
"no treatment”; “TF" means "Transcription Factor alone”; “FS" means “shuttle alone”.

Figures 48A-48D show in vivo GFP-NLS delivery in rat parietal cortex by His-CM18-PTD4. Brefly, GFP-NLS (20 uM)
was Injected in the parietal cortex of rat in presence of the shuttle agent His-CM18-PTD4 (20 uM) for 10 min. Dorso-ventral rat
brain slices were collected and analyzed by fluorescence microscopy at 4x (Fig. 48A), 10x (Fig. 48C) and 20x magnifications
(Fig. 48D). The injection site Is located in the deepest |layers of the parietal cortex (PCx). In presence of the His-CM18-PTD4
shuttle agent, the GFP-NLS diffused in cell nuclel of the PCx, of the Corpus Callus (Cc) and of the striatum (Str) (white curves
mark limitations between brains structures). Figure 48B shows the stereotaxic coordinates of the injection site (black arrows)
from the rat brain atlas of Franklin and Paxinos. The injection of GFP-NLS in presence of His-CM18-PTD4 was performed on the
left part of the brain, and the negative control (injection of GFP-NLS alone), was done on the contralateral site. The black circle
and connected black ines in Figure 48B show the areas observed in the fluorescent pictures (Figures 48A, 48C and 48D).

Figures 49A and 49B show helical wheel (left panels) and “open cylinder’ (nght panels) representations of the peptides
FSDS and VSVG-P TD4, respectively. The geometrical shape of each amino acid residue corresponds to its biochemical property
based on the residue’s side chain (1.e., hydrophobicity, charge, or hydrophilicity). One of the main differences between the two
opened cylindrical representations of FSDS and VSVG-PTD4 Is the presence of a highly hydrophobic core In FSDS (outlined In
Fig. 49A, left and right panels), which is not present in VSVG-P TD4. The cylinder in the lower midale panels of Fig. 49A and 49B
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represent simplified versions of the opened cylindrical representations in the right panels, in which: "H" represents the high
hydrophobic surface area; "h” represents low hydrophobic surface area; "+ represents positively charged residues; and “f
represent hydrophilic residues.

Figures 49C-49F show predicted 3-dimensional models of the structures of the peptides FSD9, FSD18, VSVG-PTDA4,
and FSD44, respectively.

Figure 49G shows a multiple sequence alignment of the peptides His-CM18-PTD4; EB1-PTD4; His-C(LLKK)3C-PTD4;
FSDS; FoD10; FSD19: FSD20; FSD21; FSD44; FSD4e: and FSDG3, along with *Consistency” scores for each residue position.
For the alignment, histidine-ricn domains were voluntarily excluded.

Figures S50A-50C show microscopy Images of live Hel.a cells successiully transduced by the shuttle agent FSD5 with
fluorescently labelled antibodies as cargos. Fig. 50A shows the cytoplasmic transduction of a Goat Anti-Rabbit |gG H&L (Alexa
Fluor® 594) antibody visualized by bright field (upper panel) and fluorescence microscopy (lower panel) at 20x magnification. Fig.
50B and 50C show the cytoplasmic transduction of a Goat Anti-Mouse IgG H&L (Alexa Fluor® 488) antibody visualized by bright
field (upper panels) and fluorescence microscopy (lower panels) at 10x and 20x magnifications, respectively.

Figure 50D shows the results of a transduction experiment in which an anti-NUP98 antibody, which recognizes an
antigen In the perinuclear membrane, was transduced into Hel.a cells using the shuttle agent FSD19. Following transduction,
Hela cells were fixed, permeabilized and labelled with a fluorescent (Alexa™ 488) secondary antibody recognizing the anti-
NUP93 antiboay (left panels) and Hoechst nuclear staining (right panels). Upper and lower panels indicate images taken under
Z20x and 40x magnification, respectively.

Figures 51A-51F show the results of genome editing experiments in which CRISPR/Cas9-NLS genome editing
complexes were transduced into different cell types (Hel.a, NK cells, NIC-H196 cells, HCC-/8 cells, and REC-1 cells) using
different shuttle agent peptides (FSD5, FSD8, FSD10, FSD18), and successful genome editing was verified by genomic DNA
cleavage assays. The CRISPR/Cas9-NLS complexes consisted of recombinant Cas9-NLS complexed with a crRNA/tracrRNA

designed to cleave the HPRT genomic DNA sequence. Successful genome editing was observed by the detection of genomic
DNA cleavage products (thick solid arrows), as compared to the uncleaved genomic target gene (thin dashed arrows). The
negative control (- ctrl”) were from transduction experiments performed in the absence of any shuttle agent peptide. An imaging
software was used to quantify the relative signal intensities of the cleavage product bands directly on gels. The sum of all the
bands in a given lane corresponds to 100% of the signal, and the numencal value In italics at the bottom of each lane Is the sum
of the relative signals (%) of only the two cleavage product bands (thick solid arrows).

Figure 951G shows the cleavage of the targeted HPRT genomic sequence by the CRISPR/Cas9-NLS complex
transduced by FSD5, in the absence (*No template”) or presence (*+500 ng”) of a short DNA template (72 bp). Thin dashed

arrows Indicate the bands corresponding to the target gene, and thick solid arrows indicate the bands corresponding to the

CRISPR/Cas9-NLS-mediated cleavage products of this target gene, which indicate the successful transduction of fully functional
genome editing complexes in the presence and absence of the DNA template. The numerical value in italics at the bottom of

each lane Is the sum of the relative signals (%) of only the two cleavage product bands (thick solid arrows). Figure $1H shows
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the results of a PCR-amplification of the samples of Figure $1G, using primers specific for the short DNA template, indicating

genomic insertion of the DNA template sequence (see arrow in Fig. 51H).

Figure 51l shows the cleavage of the targeted HPRT genomic sequence by the CRISPR/CasS-NLS complex
transduced by FSDJ5, in the absence (*No template™) or presence ("+500 ng') of a long linear DNA template (1631 bp). Thin
dashed arrows indicate the bands corresponding to the target gene, and thick solid arrows indicate the bands corresponding to
the CRISPR/Cas9-NLS-mediated cleavage products of this target gene, which indicate the successful transduction of fully
functional genome editing complexes in the presence and absence of the DNA template. The numerical value In italics at the
bottom of each lane Is the sum of the relative signals (%) of only the two cleavage product bands (thick solid arrows). Figure 51J
shows the results of a PCR-amplification of the samples of Figure 511, using primers designed to amplify across the genomic
cleavage site. Genomic insertion of the long DNA template sequence Is visible by the presence of a larger band in the “+500 ng’
(faint) and “+1000 ng" (darker) lanes — see arrow in Fig. $1J.

Figures 51K and 51L show the results of the cleavage of the targeted genomic DNMT1 DNA sequence with a
CRISPR/Cpf1-NLS genome editing complex in the absence (*- ctrl”) or presence of the shuttle agent FSD18 In Hela (Fig. 51K)
and NK cells (Fig. 91L), after PCR-amplification and separation by agarose gel electrophoresis. 1hin dashed arrows indicate the
bands corresponding to the target gene, and thick solid arrows indicate the bands corresponding to the CRISPR/Cpf1-NLS-
mediated cleavage products of this target gene, which indicate the successtul transduction of fully functional genome editing

complexes. An imaging software was used to quantify the relative signal intensities of each of the different bands directly on gels.

he sum of all the bands in a given lane corresponds to 100% of the signal, and the numerical value In italics at the bottom of
each lane Is the sum of the relative signals (%) of only the two cleavage product bands (thick solid arrows). No genomic DNA
cleavage was observed using the lipofectamine-based transfection reagent CRISPRMAX™ o transduce the CRISPR/Cpf1-NLS
genome editing complex.

Figures 52A-52E show the results of the cleavage of a targeted genomic BZM DNA sequence with the CRISPR/Cas9-
NLS and the crRNA/tracrRNA, or with the CRISPR/Cpf1-NLS and a single guide RNA in the absence (*- ctrl’) or presence of the
shuttle agents FSD10, FSD18, FSD19, FSD21, FSD23 or FSD43 used at different concentrations, exposure times, and in
different types of cells: THP-1 (Fig. §2A); NK (Fig. §2B-D) and Hel a (Fig. 52E), after separation by agarose gel electrophoresis.
Cells were incubated with CRISPR/Cpf1 complexes and FSD shuttle agents at the indicated times and concentrations. Thin

dashed arrows indicate the bands corresponding to the target gene, and thicker solid arrows indicate the bands corresponding to

the CRISPR system-mediated cleavage products of this target gene, which indicate the successful transduction of fully functional

CRISPR/Cas9-NLS genome editing complexes. An imaging software was used to quantify the relative signal intensities of each
of the different bands directly on gels. The sum of all the bands in a given lane corresponds to 100% of the signal, and the
numerical value In italics at the bottom of each lane Is the sum of the relative signals (%) of only the two cleavage product bands
(thick solid arrows).

Figures 52F-52| show the results of the cleavage of a targeted genomic GSK3 (Fig. 92F), CBLB (Fig. 52G) and DNMT1
(Fig. 52H-1) DNA sequence with the CRISPR/Cpf1-NLS and a single guide crRNA in the absence (- ctrl”) or presence of the
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shuttle agents FSD10, FSD18, FSD19 or FSD23 used at different concentrations, exposure times, and in different types of cells:
NK (Fig. 82F-G), THP-1 (Fig. 52H) and primary myoblasts (Fig. 52l), after separation by agarose gel electrophoresis. Cells were
incubated with CRISPR/Cpf1 complexes and FSD at the indicated times and concentrations. Thin dashed arrows indicate the
bands corresponding to the target gene, and thicker solid arrows indicate the bands corresponding o the CRISPR system-
mediated cleavage products of these target genes, which Indicate the successful transduction of fully functional
CRISPR/Cpf1-NLS genome editing complexes.

Figures 52J-52N show the results of the cleavage of a targeted genomic NKGZ2A DNA sequence with the
CRISPR/Cpf1-NLS and a single guide crRNA in the absence (*- ctrl”) or presence of the shuttle agents FSD10, FSD21, FSD22
or FSD23 used at different concentrations, exposure times, and In NK cells (Fig. 52F-52G) and NK-92 cells (Fig. 92H), after

separation by agarose gel electrophoresis. Cells were incubated with CRISPR/Cpf1 complexes for the indicated incubation times

and concentrations. Thin dashed arrows indicate the bands corresponding to the target gene, and thicker solid arrows indicate
the bands corresponding to the CRISPR system-mediated cleavage products of this target gene, which indicate the successful
transduction of fully functional CRISPR/Cpf1-NLS genome editing complexes.

Figures $3A-53C show the results of the cleavage of the targeted genomic HPR T, DNMT1 ana BZ2M DNA sequences
with CRISPR systems. The two genomic HPRT and DNM 11 (Fig. §3A) DNA sequences or two DNA loci on the genomic B2
exon 2 (Fig. 93B) were targeted in Hela cells using CRISPR/Cas9-NLS and CRISPR/Cpt1-NLS genome editing complexes
designed for those purposes, which were transduced using the shuttle agent peptide FSD18. The two DNA loci on the genomic
B2M exon 2 (Fig. $3C) were targeted in NK cells with the CRISPR/Cpf1-NLS and single guide crRNA-1, crRNA-2 or both, in the

absence (- ctrl’) or presence of the shuttle agents FSD10, FSD21 or FSD23 used at different concentrations, exposure times,

after separation by agarose gel electrophoresis. Thin dashed arrows indicate the bands corresponding to the target gene, and
thicker solid arrows indicate the bands corresponding to the CRISPR/Cpf1-mediated cleavage products in presence of the crRNA-
1 or crRNAZ or both (crRNA1+2) for the B2M exon 2, which indicate the successful transduction of fully functional
CRISPR/Cpf1-NLS genome editing complexes.

Figures 54A-54D show the results of flow cytometry assays in which T cells were treated with increasing concentrations
of the shuttle agent FSD21 (8 uM in Fig. 54B, 10 uM in Fig. $4C, and 12 uM in Fig. 54D), 1.33 uM of CRISPR/Cpf1-NLS system
and 2 uM of single guide crRNA targeting a B2M genomic DNA sequence. HLA-positive and HLA-negative (B2M knock-out) cells
were identified 72 hours after treatment by using an APC-labeled Mouse Anti-Human HLA-ABC antibody. Left-shifted cell
populations indicated successiul inactivation of cell surface HLA receptors, resulting from inactivation of the 82M gene.

Figures 55A-58D show the results of flow cytometry assays in which T cells were treated with increasing concentrations
of the shuttle agent FSD18 (8 uM in Fig. $8B, 10 uM in Fig. $8C, and 12 uM in Fig. 55D), 1.33 uM of CRISPR/Cpt1-NLS system
and 2 uM of single guide crRNA targeting a B2M DNA sequence. HLA-positive and HLA-negative (B2M knock-out) cells were

identified 72 hours after treatment by using an APC-labeled Mouse Anti-Human HLA-ABC antibody. Left-shifted cell populations

Indicated successful inactivation of cell surface HLA receptors, resulting from inactivation of the B2M gene.
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Figures 56A-56E show the results of flow cytometry assays in which THP-1 cells were treated (Fig. S6B-S6E) or not
(‘untreated”, Fig. 56A) with a mixture of 1.33 pM of CRISPR/Cpf1-NLS system, 2 uM of one or three guide crRNA each targeting
different sites within the B2M genomic DNA sequence and 3 pM of FSD18. HLA-positive and HLA-negative (B2M knock-out)
cells were identified 48 hours after treatment by using an APC-labeled Mouse Anti-Human HLA-ABC antibody in untreated cells
(Fig. 56A), crRNA E treated cells (Fig. 56B), crRNA G treated cells (Fig. 56C), crRNA J treated cells (Fig. 56D) and crRNA
E+G+J treated cells (Fig. 96E). Left-shifted cell populations indicated successful inactivation of cell surface HLA receptors,
resulting from inactivation of the B2M gene.

Figures 57A and 57B show the results of experiments in which NK-92 cells were genome-edited to determine whether
inactivation of the endogenous NKG2A gene could increase their ability to kill target HelLa cells. Briefly, NK-92 cells were
transduced with a CRISPR/Cpf1-NLS genome editing complex designed to cleave the NKG2A gene using the shuttle agent
peptide FSD23. After transduction, NK-92 cells were immunolabelled with a phycoerythrin (PE)-labelled anti-NKG2A antibody
and then analyzed by flow cytometry as shown in Fig. 57A, to verify successful inactivation of NKG2A. As controls, unlabelled
wild-type NK-92 cells (“unlabelled WT cells") had no antibody signal, and labelled wild-type NK-92 cells (“labelled WT cells™) had
full immunolabelling signal. For NKG2A-KO NK-92 cells, two cell populations (peaks) were observed: one with a complete knock-
out of NKG2A receptor expression on the cell surface (“Complete NKG2A KO cells™), and the other with a partial lack of expression
(‘Partial NKG2A KO cells”). Fig. 57B shows the results of cytotoxicity assays in which target Hela cells previously loaded with
an intracellular fluorescent dye (calcein) were exposed to either wild-type (solid line) or genome edited NKG2A-KO (dotted line)
effector NK-92 cells, at different Effector: Target ratios (E:T ratio). Cytotoxicity was evaluated by the relative release of intraceliular
calcein into the extracellular space resulting from disruption of the cell membranes of the target Hel a cells (% cell lysis”).

Figures 58A-58F show the results of flow cytometry assays in which T cells were treated (Fig. 98A-58F) or not
(‘untreated”, Fig. 58A) with a mixture of GFP-NLS, a CRISPR/Cpf1-NLS complex designed to cleave the B2M genomic DNA
sequence, and the shuttle agent FSD18. Fig. 58B and 58C show the results of a two-dimensional flow cytometry analysis 5h
after treatment based on GFP fluorescence (x-axis) and cell surface HLA expression (y-axis). Fluorescence-activated cell sorting
(Fig. 58D) of cells based on their GFP-fluorescence into a GFP-negative fraction (Fig. 58E) and a GFP-positive fraction (Fig.
58F) resulted in an increase in the proportion of genome-edited (HLA-negative) cells to 29.7% in the GFP-positive fraction (Fig.
58F). Each cell fraction was then subjected to a standard T7E1 cleavage assay followed by agarose gel electrophoresis to
evaluate the effectiveness of the genome editing. The results are shown in Fig. 58G, wherein thin dashed arrows indicate the
bands corresponding to the target gene, and thicker solid arrows indicate the bands corresponding to the CRISPR system-
mediated cleavage products of this target gene. The values at the bottom of anes 2, 3 and 4 correspond to the relative signal
intensities (%) of the cleavage product bands (solid arrows) in that lane.

Figures 59A-59E show the results of flow cytometry assays in which T cells were treated (Fig. 99C-59E) or not
(‘untreated”, Fig. 59A and 59B) with a mixture GFP-NLS, a CRISPR/Cpf1-NLS complex designed to cleave the endogenous
B2M gene, and the shuttle agent FSD18. Figs. 59A and 59B, show the results of “untreated” negative control cells not exposec

to the peptide shuttie agent, GFP, nor CRISPR/Cpf1, which were analyzed by flow cytometry for GFP fluorescence (Fig. S9A)
and cell surface HLA expression (Fig. 59B). T cells were co-transduced with both GFP-NLS and CRISPR/Cpf1 via the peptide
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FSD18, and the resulting GFP fluorescence distribution is shown in Fig. 89C. The two gates shown In Fig. 59C indicate the
fraction of cells that were considered to be GFP-positive (‘GFP+"; 93.2%; solid gate) and the sub-fraction of cells that were
considered as exhibiting high GFP fluorescence ("GFP high”; 33.1%; dotted gate). Fluorescence-activated cell sorting was
performed to quantify the level of cell surface HLA expression in cells considered to be GFP-positive (Fig. $9D) as compared to
cells considered as exhibiting high GFP fluorescence (Fig. 89E). The above co-transduction experiment was repeated using 12
UM or 15 uM FSD18, followed by fluorescence-activated cell sorting into GFP-positive and GFP-negative cell fractions. Each

fraction was subjected to a standard T/E1 cleavage assay, and the different samples were subjected to agarose gel
electrophoresis.

Figure 60 shows the results of a flow cytometry analysis in which T cells were subjected to a first transduction (Fig. 60B) or not

("untreated’, Fig. 60A) with the cargo GFP-NLS using the peptide FSD18. The first transduction resulted in a GFP-NLS
transduction efficiency of 55.4% (Fig. 60B). Fluorescence-activated cell sorting was performed fo isolate GFP-negative cells (Fig.

60C) following the first transduction, and this GFP-negative cell population was subjected to a second transduction with GFP-

NLS using the peptide FSD18. The results from this second transduction are shown in Fig. 60D, in which the GFP-NLS
transduction efficiency was found to be 60.6%.

SEQUENCE LISTING

This application contains a Sequence Listing in computer readable form created October 10, 201/ having a size of about
5 MB. The computer readable form is incorporated herein by reference.

SEQ ID NO: Description 27 SynB3
1 CM18 28 Ela
. Diphtheria toxin T domain (D1) 29 SVAU 1-Ag
3 GALA 30 C-myc
4 PEA 31 Op-T-NLS
5 NF-7 32 \Vp3
6 _AH4 33 Nucleoplasmin
7 HGP 34 Histone 2B NLS
8 HOWYG 35 xenopus N1
9 HAZ 36 PARP
10 —B1 37 PDX-1
11 VSVG 38 QKI-5
12 Pseudomonas toxin 39 HCDA
13 Melittin 40 H2B
14 KALA 41 v-Rel
15 JST-1 42 Amida
16 SP 43 RanBP3
17 TAT 44 Phodp
18 Penetratin (Antennapedia) 4% LEF-1
19 pVEC 46 TCF-1
20 M918 47 BDV-P
21 2ep-1 48 TRZ
22 Pep-2 49 SOX9
23 Xentry 50 Max
24 Arginine stretch 51 Mitochondrial signal sequence from
25 Trangportan Tim9
26 SynB1
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Mitochondrial signal sequence from 85 xentry-KALA
52 Yeast cytochrome ¢ oxidase subunit 86 SYnB3-KALA
|V 87 VSVG-PTD4
53 Mitochondrial signal sequence from 88 —B1-PTD4
18S rRNA 89 JST-PTD4
54 Peroxisome signal sequence — 90 CM18-PTD4
2T 91 6Cys-CM18-PTD4
55 Nucleolar signal sequence from 92 CM18-1 1-PTD4
BIRCS 93 CM18-L2-PTD4
56 Nucleolar signal sequence from 94 CM18-L 3-PTD4
RECQLA 95 His-CM18-TAT
57 CM18-TAT 96 His-CM18-PTD4-6Cys
58 CM18-Penetratin 97 3His-CM18-PTD4
99 HiS-C|V_1 S-1Al 98 12His-CM18-PTDA4
60 GFP 99 HA-CM18-PTD4
6 TAT-GFP 100 SHA-CM18-PTD4
62 GFP-NLS 101 CM18-His-PTD4
63 C{LLKK)SC 102 His-CM18-PTD4-His
64 GLLKK)3G 103 HPRT crRNA (Example 13.6)
65 P 1D4 104-129 -SD1-FSD26
66 TAT-CM18 130-137 FSN1-FSNS
67 TAT-KALA 138-153 FSD27-FSD42
68 His-CM18-PTD4 154 Short DNA template
69 His-CM18-9Arg 155 Cpf1-NLS
70 His-CM18-Transportan 156 GFP coding DNA template
71 His-LAH4-PTDA4 157 DNMT1 crRNA
72 His-C(LLKK)3C-PTD4 158 LKLWXRXLKXXXXG motif
73 mCherry TM-NLS 159 RRXXAKXA motif
74 Cas9-NLS 160 B2M crRNA (Cas9)
75 CrRNA (Example 13.3) 161 B2M exon 2 crRNA-1 (Cpf1)
76 tracrRNA (Example 13.3) 162 B2M exon 2 orRNA-2 (Cpf1)
77 Feldan tracrRNA (Example 13.5, 163 CBLB crRNA
13.6) 164 GSK3 crRNA
78 PPIB crRNA (Example 13.5) 165 NKG2A crRNA
79 Dharmacon tracrRNA (Example 166 B2M crRNA-E
13.9) 167 B2M crRNA-J
80 OXBA-WT 168 B2M crRNA-G
81 is-PTD4 169-242 FSD43-FSD116
82 PTDA-KALA Computer-generated peptide
83 IArg-KALA 243-10 242 variants that respect design
84 Pep1-KALA parameters described herein
DETAILED DESCRIPTION

Large-scale screening efforts led to the discovery that domain-based peptide shuttle agents, comprising an endosome

leakage domain (ELD) operably linked to a cell penetrating domain (CPD), and optionally one or more histidine-rich domains, can
increase the transduction efficiency of an independent polypeptide cargo in eukaryotic cells, such that the cargo gains access to the

cytosol/nuclear compartment (e.g., see Examples 1-15). Conversely, the above screening efforts also revealed some peptides
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having no or low polypeptide cargo transduction power, excessive toxicity, and/or other undesiraple properties (e.g., poor solubility
and/or stability).

Based on these empirical data (both positive and negative), the amino acid sequences and properties of successful, less
successful, and failled peptides were compared In order to better understand the physicochemical properties common to the more
successful shuttle agents. This comparison involved two main approaches: First, manually stratifying the different screened peptides
according to thelr transduction performance, based on our complied biological characterization data; and second, a more simplified
‘transduction score” approach, which considered only the transduction efficiency and cellular toxicity of the different peptides, for a
given polypeptide cargo and cell line.

For manual stratification, the screened peptides were evaluated individually according to their transduction performance,
with due consideration to, for example: their solubility/stability/ease of synthesis; their ability to facilitate escape of endosomally-
trapped calcein (e.g., see Example 2); their ability to deliver one or more types of independent polypeptide cargos intracellularly, as
evaluated by flow cytometry (e.g., see Examples 3-6 and 8-15) in different types of cells and cell lines (e.g., primary, immortalized,
adherent, suspension, etc.) as well as under different transduction protocols; their ability to deliver polypeptide cargos to the cytosol
and/or nucleus, as evaluated by fluorescence microscopy (e.g., for fluorescently labelled cargos), increased transcriptional activity
(e.g., for transcription factor cargos), or genome editing capabillities (e.g., for nuclease cargos or genome-editing complexes such as
CRISPR/Cas9 or CRISPR/Cpf1) (e.g., see Examples 3-6 and 8-15), and toxicity towards different types of cells and cell lines (e.qg.,
primary, immortalized, adherent, suspension, etc.), under different transduction protocols.

For the "transduction score” approach, each peptide was assigned a score corresponding to a given cell line and
fluorescently-labelled polypeptide cargo, which combines both transduction efficiency and cellular toxicity data into a single numerical
value. The transduction scores were calculated by simply multiplying the highest percentage transduction efficiency observed by
flow cytometry for a given peptide, cargo and cell type by the percentage cellular viability for the peptide in the tested cell line. The
peptides were then sorted according to their transduction scores as a screening tool to stratify peptides as successiul, less successful,
or failed shuttle agents.

The above-mentioned manual curation and “transduction score’-based analyses revealed a number of parameters that are
generally shared by successful domain-based shuttle agents (e.g. see Example A). These parameters were then successfully used
to manually design new peptide shuttle agents having polypeptide cargo transduction activity, which lack andfor are not based on
known putative CPDs and/or ELDs (e.g., see Example B). Furthermore, it was observed that peptides satisfying the most number
of design parameters had generally the highest transduction scores, while peptides satisfying the least number of design parameters
had generally the lowest transduction scores.

The design parameters described herein were further validated by testing a plurality of synthetic peptides whose amino
acid sequences were generated using a machine leaming algorithm (e.g., see Example C.1), the algorithm having been “trained”
using transduction efficiency and cellular to<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>