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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.g., biologics, polynuclectides, and polypeptides) require
the help of shuttle agents to reach their intracelluler 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. Deciphering the different growth factors and molecular
cues that govern cell expansion, 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
(frans-differentiation), and genome editing (Zinc finger nuclease, TALEN 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 desirable.

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
subcellular location, leading to massive endosomal trapping and eventual degradation. Several endosomal membrane-disrupting
peptides have been developed to fry 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
infracellularly, 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 Tat11 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-TAT1; 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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TAT1-EGFP to the cytosol (see Figure 3 of Salomone et al., 2012), the CM1e-TAT+4 peplide (alone or conjugated to Atto-633)
was not shown to act as a shutile agent that can increase delivery of a polypeptide cargo from an extracellular space fo inside of
the cell - i.e., across the plasma membrane. In fact, Salomone et al., 2012 compared co-treatment (simultaneous treatment of
TAT11-EGFP and CM1s-TAT14-Atto-633) versus time-shifted treatment (i.e., incubation of cells with TATy-EGFP alone,
fluorescence imaging, and then incubation of the same cells with the CM1e-TAT 1+-Atto-633 peptide alone, and again fluorescence
imaging), and the authors reported that “both yielded the same delivery results’ (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 toinside of the cell (i.e., protein fransduction). 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 intracellularty to the cytosolinucleus 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 transduction
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 aveiding
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 successful, less successful, 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 fransduction 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 and/or 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 andfor enrich transduced cells. It was surprisingly discovered that a strikingly high proportion of target eukaryotic cells
that were successfully fransduced with a polypeptide cargo of interest, were also successfully fransduced 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 pasitive 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 flucrescence 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
unsuccessfully transduced following a first round of fransduction 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 fransduction experiments performed on, for example,
cells that were not successfully 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-derived cells for cell

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

General Definitions

Headings, and other identifiers, e.g., (a), (b), (i}, (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.

The use of the word “a’ or “an” when used in conjunction with the term “comprising” in the claims andfor the specification
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 o
10%. Therefore, a variation of 1,2, 3,4, 5,6, 7, 8, 9 and 10% of a value isincluded 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 “comprisg” 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 clarity, 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 amodular
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 indicater of where the domain should be engineered within the shuttle agent and of what typedength of linker
should be used. Standard recombinant DNA techniques can be used by the skilled person to manipulate the placement andfor
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.g., their ability to facilitate cell penetration across the plasma membrane, endosome escape,
and/or 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
ability of the domains to carry out their intended function(s) (e.g., cell penetration, endosome escape, andfor 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 vitro (e.g., synthesized chemically and/or produced
using recombinant DNA technology). The purities 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 synthetic 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 description 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 sit 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 shutfle agents from non-polypeptide or non-protein-based shuttle agents such as
lipid- 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 intended fo refer to a polypeptide cargo
to be delivered infracellularly 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 -- e.g., 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 drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:

Figures 1A and 1B show 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 treated (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 Hel a cells were loaded with
calcein (‘calcein 100 uM"), and were then freated with increasing concentrations of the shuttle agent CM18-TAT-Cys (labeled
“CM18-TAT").

Figures 3 and 4 show the resullts 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, 3 or 5 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 is 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 pM) were co-incubated with either 5 uM of CM18-TAT-Cys (Figure 7A, labeled “CM18TAT"), or
2.5 M of dCM18-TAT-Cys (Figure 7B, labeled “dCM18TAT"), prior to being exposed to Hel a cells. Cells were evaluated by flow
cytometry and the percentages of fluorescent (GFP-paositive) cells are shown.

Figures 8 and 9 show 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 as its 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 (5 uM) was co-incubated with different concentrations of CM18-TAT-Cys (labeled “CM18TAT"), prior to being exposed to
HeLa 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 foxicity 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"), CM18-Penetratin
(labeled “CM18penetratin’), and dimers of each (dCM18-TAT-Cys, dCM18-Penefratin-Cys; labeled “dCM18TAT" and
“dCM18penetratin’, respectively), prior to being exposed fo 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, labeled “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 flucrescent (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 contrals,

Figures 17A and 17B show the results of a GFP-NLS fransduction 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-labeled anti-tubulin
antibody (0.5 uM), was co-incubated with 5 uM of CM18-TAT-Cys (labeled “CM18-TAT"), prior to being exposed to Hel a cells.
Functional antibody delivery was visualized by bright field (20x) and flucrescence 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 M) 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 Hela 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 Cyb™ dye was co-incubated with 0, 0.05, 0.5, or 5 pM of CM18-TAT-Cys (labeled "CM18-TAT"), prior to being exposed to
HEK293A cells. Flow cytometry analysis allowed quantification of Cy5™ 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 UM) 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 Hela 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
infracellularly delivered using the shuttle His-CM18-PTD4 in HelLa 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 protocals (Protocol
Avs. B). Figure 22B shows the effect of using different concentrations of the shuttle His-CM18-PTD4 when using Protocol B.

Figures 23-26 are microscopy images showing the results of fransduction experiments in which GFP-NLS (Figures 23,
24A, 24B, 25 and 26) or FITC-abeled anti-tubulin antibody (Figure 24C and 24D) cargo protein was infracellularly delivered with
the shuttle His-CM18-PTD4 in Hel a 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, permeabilized and subjected to immuno-labelling with an anti-GFP antibody and a



10

15

20

25

30

WO 2018/068135 PCT/CA2017/051205

fluorescent secondary antibody. White triangle windows indicate examples of areas of co-labelling between nuclei (DAPI) and
GFP-NLS signals. Figure 26 shows images captured by confocal microscopy.

Figures 27A-27D show microscopy images of a kinetic (time-course) transduction experiment in Hel_a cells, where the
fluorescence of GFP-NLS cargo protein was tracked after 45 (Fig. 27A), 75 (Fig. 27B), 100 (Fig. 27C), and 120 (Fig. 27D) seconds
following intracellular delivery with the shuttle His-CM18-PTD4. 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 nuclei (DAPI) and GFP-NLS or mCherry™,

Figures 29A-291 show the results of GFP-NLS transduction efficiency experiments in HelLa cells using different shuttle
agents or single-domain/control peptides. GFP-NLS fransduction efficiency was evaluated by flow cytometry and the percentage
of GFP flucrescent cells (*Pos cells (%)"), as well as corresponding cell viability data (‘viability (%)") are shown in Figures 29A,
29B, 29D-29G and 291. 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 agentfor 1, 2, or 5 min. “Relative fluorescence intensity (FL1-A)" or “Signal intensity” corresponds to the mean of ll
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:
EB1-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 experiment 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
His-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 exhibiing 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-PTD4. White friangle 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)sC-PTD4. The cargo protein/shuttle agents were exposed to the THP-1 cells for 15,
30, 60 or 120 seconds. GFP-NLS fransduction efficiency was evaluated by flow cytometry and the percentage of GFP fluorescent
cells (‘Pos cells (%)"), as well as corresponding cell viability data (“viability (%)) are shownin 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 daily 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)sC-PTD4 was used in Figure 35F. 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 ("viability (%)") in Figures 35A-35C and 35F. Figure 35D shows the metabalic activity index of the THP-1 cells after 1, 2, 4,
and 24h, and Figure 35E shows the metabolic 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 shuttle 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 flucrescence microscopy images of different types of cells transduced with GFP-NLS cargo
using the shuttle His-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-flucrescing cells).

Figures 38A-38B show fluorescence microscopy images of primary human myoblasts fransduced with GFP-NLS using
the shutfle 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 nuclei
(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-
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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, Hel a 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 Cas3-NLS protein and crRNA/tracrRNAs, respectively. CRISPR/Cas3-mediated cleavage of the plasmid surrogate
at the STOP codon, and subsequent 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, Hel a cells were transfected with the plasmid surrogate and then
transduced with an active CRISPR/CasS-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 (T7/E1 assay) separated by agarose gel
electrophoresis, which is used to measure CRISPR/Cas3-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
infracellularly using the shuttle His-C(LLKK)sC-PTD4 (Figure 41A, lane B) or with a lipidic fransfection 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 (T7E1 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 HeLa cells. The right panel shows amplified DNA sequence before the T7E1 digestion
procedure as a negative control.

Figure 41C shows the products of a DNA cleavage assay (T7E1 assay) separated by agarose gel electrophoresis,
which is used o 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 (DharmaFect™ transfection reagent # T-20XX-01) (positive control). The right panel shows amplified DNA
sequence before the T7E1 digestion procedure as a negative control. Figures 42-44 show the ftranscriptional 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 cargofshuttle 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 in 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 (right 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 HelLa cells transduced with wild-type HOXB4 cargo using
the shuttle His-CM18-PTD4. After 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 antibody and a fluorescent
secondary antibody (Figures 45B and 438D). Nuclei were labelled with DAPI (Figures 45A and 45C). White triangle windows
indicate examples of areas of co-labelling between nuclei 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, which is
used to measure CRISPR/Cas9-mediated cleavage of cellular genomic DNA (HPTR 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 Hel a cells. Figure 46B shows the results with His-CM18-PTD4-His and His-CM18-L.2-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/Cas8 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.
Successful 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 (ng/L) 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. Briefly, GFP-NLS (20 uM)
was injected in the parietal cortex of rat in presence of the shuttle agent His-CM18-PTD4 (20 juM) 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 nuclei 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 lines 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” (right panels) representations of the peptides
FSD5 and V3VG-PTD4, respectively. The geometrical shape of each amino acid residue corresponds to its biochemical property
based on the residue’s side chain (i.e., hydrophobicity, charge, or hydrophilicity). One of the main differences between the two
opened cylindrical representations of FSD5 and VSVG-PTD4 is the presence of a highly hydrophobic core in FSD5 (outlined in
Fig. 49A, left and right panels), which is not present in VSVG-PTDA4. The cylinder in the lower middle 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; “+' represenis positively charged residues; and “4’
represent hydrophilic residues.

Figures 49C-49F show predicted 3-dimensional models of the structures of the peptides FSD5, FSD18, VSVG-PTD4,
and FSD44, respectively.

Figure 49G shows a multiple sequence alignment of the peptides His-CM18-PTD4; EB1-PTD4; His-C(LLKK)sC-PTD4;
FSD5; FSD10; FSD19; FSD20; FSD21; FSD44; FSD46; and FSD63, along with “Consistency” scores for each residue position.
Far the alignment, histidine-rich domains were voluntarily excluded.

Figures 50A-50C show microscopy images of live Hela cells successfully transduced by the shuttle agent FSD5 with
fluorescently labelled antibodies as cargos. Fig. 50A shows the cytoplasmic transduction of a Goat Anti-Rabbit IgG 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 fransduction 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-NUP298 antibody, which recognizes an
antigen in the perinuclear membrane, was transduced into Hela cells using the shuttle agent FSD19. Following transduction,
HelLa cells were fixed, permeabilized and labelled with a fluorescent (Alexa™ 488) secondary antibody recognizing the anti-
NUP98 antibody (left panels) and Hoechst nuclear staining (right panels). Upper and lower panels indicate images taken under
20x 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 (HelLa, NK cells, NIC-H196 cells, HCC-78 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/fracrRNA
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 fo the uncleaved genomic target gene (thin dashed arrows). The
negative control (- ctrl") were from transduction experiments performed in the absence of any shutlle 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 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 51G shows the cleavage of the targeted HPRT genomic sequence by the CRISPR/Cas3-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 51H shows

12



10

15

20

25

30

WO 2018/068135 PCT/CA2017/051205

the results of a PCR-amplification of the samples of Figure 51G, using primers specific for the short DNA template, indicating
genomic insertion of the DNA template sequence (see arrow in Fig. 51H).

Figure 511 shows the cleavage of the targeted HPRT genomic sequence by the CRISPR/Cas3-NLS complex
transduced by FSD5, 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/Cas3-NLS-mediated cleavage products of this target gene, which indicate the successful fransduction of fully
functional genome editing complexes in the presence and absence of the DNA template. The numerical value in itelics 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. 51J.

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 shutle agent FSD18 in Hel a (Fig. 51K)
and NK cells (Fig. 51L), after PCR-amplification and separation by agarose gel electrophoresis. Thin 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 successful 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.
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). No genomic DNA
cleavage was observed using the lipofectamine-based transfection reagent CRISPRMAX™ to transduce the CRISPR/Cpf1-NLS
genome editing complex.

Figures 52A-52E show the results of the cleavage of a targeted genomic B2M 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. 52A); NK (Fig. 52B-D) and Hel a (Fig. 52E), after separation by agarcse 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-521 show the results of the cleavage of a targeted genomic GSK3 (Fig. 52F), 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. 52F-G); THP-1 (Fig. 52H) and primary myoblasts (Fig. 521), 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 to the CRISPR system-
mediated cleavage products of these target genes, which indicate the successful ftransduction of fully functional
CRISPR/Cpf1-NLS genome editing complexes.

Figures 52J-52N show the results of the cleavage of a targeted genomic NKG2A 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. 52H), 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 o 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 53A-53C show the results of the cleavage of the targeted genomic HPRT, DNMT1 and B2M DNA sequences
with CRISPR systems. The two genomic HPRT and DNMT1 (Fig. §3A) DNA sequences or two DNA loci on the genomic B2M
exon 2 (Fig. 53B) were targeted in Hela cells using CRISPR/Cas9-NLS and CRISPR/Cpf1-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. 53C) 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 agarcse 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 crRNA2 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 pM in Fig. 54B, 10 pM in Fig. 54C, and 12 pM in Fig. 54D), 1.33 pM 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 successful inactivation of cell surface HLA receptors, resulting from inactivation of the B2M gene.

Figures 55A-55D 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. 55B, 10 uM in Fig. 55C, and 12 uM in Fig. 55D), 1.33 uM of CRISPR/Cpf1-NLS system
and 2 UM of single guide orRNA targeting a B2M DNA sequence. HLA-positive and HLA-negative (B2M knock-out) cells were
identified 72 hours after freatment 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. 56B-56E) 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. 56E). 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 HeLa 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 (‘labefled 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 HelLa cells (% cell lysis”).

Figures 58A-58F show the results of flow cytometry assays in which T cells were treated (Fig. 58A-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 fiow 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) celis 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 lanes 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. 59C-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 exposed

to the peptide shuttle agent, GFP, nor CRISPR/Cpf1, which were analyzed by flow cytometry for GFP fluorescence (Fig. 59A)
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. 59C. 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
congsidered 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. 59D) as compared fo
cells considered as exhibiting high GFP fluorescence (Fig. 89E). The above co-transduction experiment was repeated using 12
KM 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 T7E1 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 to 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, 2017 having a size of about
5 MB. The computer readable form is incorporated herein by reference.

27 SynB3
1 CM18 28 Ela
2 Diphtheria toxin T domain (DT) 29 SV40 T-Ag
3 GALA 30 c-myc
4 PEA 3 Op-T-NLS
5 INF-7 32 Vp3
6 LAH4 33 Nucleoplasmin
7 HGP 34 Histone 2B NLS
8 HEWYG 35 Xenopus N1
9 HA2 36 PARP
10 EB1 37 PDX-1
11 VSVG 38 QKI-5
12 Pseudomonas toxin 39 HCDA
13 Melittin 40 H2B
14 KALA 41 v-Rel
15 JSTA1 42 Amida
16 SP 43 RanBP3
17 TAT 44 Pho4p
18 Penetratin (Antennapedia) 45 LEF-1
19 pVEC 46 TCF-1
20 M918 47 BDV-P
21 Pep-1 48 TR2
22 Pep-2 49 SOX9
23 Xentry 50 Max
24 Arginine stretch 51 Mitochondrial signal sequence from
25 Transportan Tim9
26 SynB1
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Mitochondrial signal sequence from 85 Xentry-KALA
52 Yeast cytochrome ¢ oxidase subunit 86 SynB3-KALA
IV 87 VSVG-PTD4
53 Mitochondrial signal sequence from 88 EB1-PTD4
18S rRNA 89 JST-PTD4
54 Peroxisome signal sequence — 90 CM18-PTD4
PTS1 91 6Cys-CM18-PTD4
55 Nucleolar signal sequence from 92 CM18-L1-PTD4
BRCS 93 CM18-L2-PTD4
56 Nucleolar signal sequence from 94 CM18-L.3-PTD4
RECQL4 95 His-CM18-TAT
57 CM18-TAT 96 His-CM18-PTD4-6Cys
58 CM18-Penetratin 97 3His-CM18-PTD4
59 His- CM18-TAT 98 12His-CM18-PTD4
60 GFP 99 HA-CM18-PTD4
61 TAT-GFP 100 3HA-CM18-PTD4
62 GFP-NLS 101 CM18-His-PTD4
63 C{LLKK)3C 102 His-CM18-PTD4-His
64 G(LLKK)3G 103 HPRT crRNA (Example 13.6)
65 PTD4 104-129 FSD1-FSD26
66 TAT-CM18 130-137 FSN1-FSN8
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-PTD4 157 DNMT1 orRNA
72 His-C(LLKK)3C-PTD4 158 LKLWXRXLKXXXXG motif
73 mCherry TM-NLS 159 RRXXAKXA motif
74 Casd-NLS 160 B2M crRNA (Cas9)
75 crRNA (Example 13.3) 161 B2M exon 2 aRNA-1 (Cpf1)
76 fracrRNA (Example 13.3) 162 B2M exon 2 aRNA-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 orRNA-J
80 HOXB4-WT 168 B2M crRNA-G
81 HisPTD4 169-242 FSD43FSD116
82 PTD4-KALA Computer-generated peptide
83 9Arg-KALA 243-10242 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

5 increase the transduction efficiency of an independent polypeptide cargo in eukaryatic cells, such that the cargo gains access to the
cytosolinuclear 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, andfor other undesirable 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 failed 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 their fransduction performance, based on our complied biclogical 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 individuelly according to their transduction performance,
with due consideration to, for example: their solubility/stabilityfease 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
eveluated 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, efc.) 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 capabilities (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.g.,
primary, immortalized, adhersnt, suspension, etc.), under different transduction protocols.

For the “fransduction score” approach, each peptide was assigned a score corresponding to a given cell line and
fluorescently-abelled 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 successful, less successiul,
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 and/or 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 toxicity data of domain-based peptides (but not the design parameters described herein).
Interestingly, the peptides generated by the machine leaming algorithm demonstrating the highest transduction scores were
generally peptides that satisfied all of the design parameters described herein, thereby substantiating their use in actively designing
and/or predicting the transduction activity of new peptide shuttle agents (e.g., tailored to particular polypeptide cargos andfor types
of cells). Furthermore, computer-assisted random peptide sequence generation followed by descriptors filtering was used to generate
alist of 10 000 peptide variants that respect nearly all of the design parameters described herein (see Example C.2).

Rationally-designed peptide shuttle agents are shown herein to facilitate escape of an endosomally trapped fluorescent
dye, suggesting endosomolytic activity (e.g., see Example D). Furthermore, the ability of rationally-designed peptide shuttle agents
to transduce a variety of polypeptide cargos (e.g., fluorescent proteins, transcription factors, antibodies, as well as entire CRISPR-
associated genome editing complexes, with or without a DNA template) in a variety of different cell types (both adherent and
suspension) is also shown herein (e.g., see Examples E-G).
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Rational design parameters and peptide shuttle agents

In some aspects, the present description relates to a method for delivering a polypeptide cargo from an extracellular space
to the cytosol and/or nucleus of a target eukaryotic cell. The method comprises contacting the target eukaryotic cell with the
polypeptide cargo in the presence of a shuttle agent at a concentration sufficient to increase the transduction efficiency of said
polypeptide cargo, as compared to in the absence of the shuttle agent. In some aspects, the shuttle agent relates to a peptide that
satisfies one or more of the following parameters.

(N In some embodiments, the shuttle agent is a peptide at least 20 amino acids in length. For example, the peptide may
comprise a minimum length of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 amino acid residues, and a maximum length of 35, 36,
37,38,39,40, 41,42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 60, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125,
130, 135, 140, 145, or 150 amino acid residues. In some embodiments, shorter peptides (e.g., in the 20-50 amino acid range) may
be particularly advantageous because they may be more easily synthesized and purified by chemical synthesis approaches, which
may be moare suitable for dlinical use (as opposed to recombinant proteins that must be purified from cellular expression systems).
While numbers and ranges in the present description are often listed as multiples of 5, the present description should not be so
limited. For example, the maximum length described herein should be understood as also encompassing a length of 56, 57, 58...61,
62, etc., in the present description, and that their non-listing herein is only for the sake of brevity. The same reasoning applies to the
% of identities listed herein.

2 In some embodiments, the peptide shuttle agent comprises an amphipathic alpha-helical motif. As used herein, the
expression “alpha-helical motif’ or “alpha-helix’, unless otherwise specified, refers to a right-handed coiled or spiral conformation
(helix) having angle of rotation between consecutive amino acids of 100 degrees and/or an alpha-helix having 3.6 residues per turn.
As used herein, the expression “‘comprises an alpha-helical motif’ or “an amphipathic alpha-helical motif’ and the like, refers to
the three-dimensional conformation that a peptide (or segment of a peptide) of the present description is predicted to adopt when in
a biological setting based on the peptide’s primary amino acid sequence, regardless of whether the peptide actually adopts that
conformation when used in cells as a shuttle agent. Furthermore, the peptides of the present description may comprise cne or more
alpha-helical motifs in different locations of the peptide. For example, the shuttle agent FSD5 is predicted to adopt an alpha-helix
over the entirety of its length (see Figure 49C), while the shuttle agent FSD18 is predicted to comprise two separate alpha-helices
towards the N and C terminal regions of the peptide (see Figure 49D). In some embodiments, the shuttle agents of the present
description are not predicted to comprise a beta-sheet motif, for example as shown in Figures 49E and 49F. Methods of predicting
the presence of alpha-helices and beta-sheets in proteins and peptides are well known in the art. For example, one such method is
based on 3D modeling using PEP-FOLD™, an online resource for de novo peptide structure prediction (http://bioserv.rpbs.univ-
paris-diderot.friservices/PEP-FOLD/) (Lamiable et al,, 2016; Shen et al., 2014; Thévenet et al., 2012). Other methods of predicting
the presence of alpha-helices in peptides and protein are known and readily available to the skilled person.

As used herein, the expression “amphipathic” refers to a peptide that possesses both hydrophobic and hydrophilic
elements (e.g., based on the side chains of the amino acids that comprise the peptide). For example, the expression “amphipathic
alpha helix’ or “amphipathic alpha-helical motif’ refers to a peptide predicted to adopt an alpha-helical motif having a non-polar
hydrophobic face and a polar hydrophilic face, based on the properties of the side chains of the amino acids that form the helix.

(3) In some embodiments, peptide shuttle agents of the present description comprise an amphipathic alpha-helical motif having
a positively-charged hydrophilic outer face, such as one that is rich in R and/or K residues. As used herein, the expression
‘positively-charged hydrophilic outer face” refers to the presence of at least three lysine (K) andfor arginine (R) residues clustered
to one side of the amphipathic alpha-helical motif, based on alpha-helical wheel projection (e.g., see Figure 49A, left panel). Such
helical wheel projections may be prepared using a variety of programs, such as the online helical wheel projection tool available at;
http://rzlab.ucr.edu/scriptsiwheel/wheel.cgi. In some embodiments, the amphipathic alpha-helical motif may comprise a positively-

19



10

15

20

25

30

35

40

WO 2018/068135 PCT/CA2017/051205

charged hydrophilic outer face that comprises: (2) at least two, three, or four adjacent positively-charged K and/or R residues upon
helical wheel projection; and/or (b) a segment of six adjacent residues comprising three to five K andfor R residues upon helical
wheel projection, based on an alpha helix having angle of rotation between consecutive amino acids of 100 degrees and/or an alphe-
helix having 3.6 residues per turn.

In some embodiments, peptide shuttle agents of the present description comprise an amphipathic alpha-helical motif
comprising a hydrophobic cuter face, the hydrophobic outer face comprising: (a) at least two adjacent L residues upon helical wheel
projection; and/or (b) a segment of ten adjacent residues comprising at least five hydrophobic residues selected from: L, |, F, V, W,
and M, upon helical wheel projection, based on an alpha helix having angle of rotation between consecutive amino acids of 100
degress and/or an alpha-helix having 3.6 residues per turn.

@) In some embodiments, peptide shutile agents of the present description comprise an amphipathic alpha-helical motif having
a highly hydrophobic core composed of spatially adjacent highly hydrophobic residues (e.g., L, I, F, V, W, andfor M). In some
embodiments, the highly hydrophobic core may consist of spatially adjacent L, I, F, V, W, and/or M amino acids representing 12 to
50% of the amina acids of the peplide, calculated while excluding any histidine-rich domains (see below), based on an open
cylindrical representation of the alpha-helix having 3.6 residues per tumn, as shown for example in Figure 49A, right panel. In some
embodiments, the highly hydrophobic core may consist of spatially adjacent L, I, F, V, W, and/or M amino acids representing from
12.5%, 13%, 13.5%, 14%, 14.5%, 15%, 15.5%, 16%, 16.5%, 17%, 17.5%, 18%, 18.5%, 19%, 19.5%, or 20%, to 25%, 30%, 35%,
40%, or 45% of the amino acids of the peptide. More particulary, highly hydrophobic core parameter may be calculated by first
arranging the amino acids of the peptide in an opened cylindrical representation, and then delineating an area of contiguous highly
hydrophobic residues (L, I, F, V, W, M), as shown in Figure 49A, right panel. The number of highly hydrophobic residues comprised
in this delineated highly hydrophobic core is then divided by the total amino acid length of the peptide, excluding any histidine-rich
domains (e.g., N- and/or C-terminal histidine-rich domains). For example, for the peptide shown in Figure 49A, there are 8 residues
in the delineated highly hydrophobic core, and 25 total residues in the peptide (excluding the terminal 12 histidines). Thus, the highly
hydrophobic core is 32% (8/25).

(5) Hydrophobic moment relates to a measure of the amphiphilicity of a helix, peptide, or part thereof, calculated from the
vector sum of the hydrophobicities of the side chains of the amino acids (Eisenberg et al., 1982). An online tool for calculating the
hydrophobic moment of a polypeptide is available from: htip:/rzlab.ucr.edu/scriptsiwheel/iwheel.cgi. A high hydrophobic moment
indicates strong amphiphilicity, while a low hydrophobic moment indicates poor amphiphilicity. In some embodiments, peptide shuttle
agents of the present description may consist of or comprise a peptide or alpha-helical domain having have a hydrophobic moment
(u) of 3510 11. In some embodiments, the shuttle agent may be a peptide comprising an amphipathic alpha-helical mofif having a
hydrophobic moment between a lower limit of 3.5, 3.6, 3.7, 3.8, 3.9, 4.0,4.1, 4.2, 43, 4.4, 4.5, 46,47,48,49,5.0,51,52, 53,
54,5556, 57,58 59,6.0,6.1,62 6.3 64,6.5,66,6.7,68,6.9, 7.0, and an upper limit of 9.5, 9.6, 9.7, 9.8, 9.9, 10.0, 101,
10.2,10.3,10.4,10.5,10.6, 10.7, 10.8, 10.9, or 11.0. In some embodiments, the shuttle agent may be a peptide having a hydrophobic
moment between a lower limit of 4.0, 4.1, 4.2, 4.3, 4.4,4.5, 46, 4.7,48,49,50,51,52,563 54,55 566,57,58 59,60, 61,
6.2,6.3,6.4,65 6.6, 6.7,6.8, 6.9, 7.0, and an upper limit of 9.5, 9.6, 9.7, 9.8, 9.9, 10.0, 10.1, 10.2, 10.3, 10.4, or 10.5. In some
embodiments, the hydrophobic moment is calculated excluding any histidine-rich domains that may be present in the peptide.

(6) In some embodiments, peptide shuttle agents of the present description may have a predicted net charge of at least +4 at
physiological pH, calculated from the side chains of K, R, D, and E residues. For example, the net charge of the peptide may be at
least +5, +6, +7, atleast +8, at least +9, at least +10, at least +11, atleast +12, atleast +13, atleast +14, or atleast +15 at physiological
pH. These positive charges are generally conferred by the greater presence of positively-charged lysine and/or arginine residues, as
opposed to negatively charged aspartate and/or glutamate residues.
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@ In some embodiments, peptide shuttle agents of the present description may have a predicted isoelectric point (pl) of 8 to
13, preferably from 10 to 13. Programs and methods for calculating and/or measuring the isoelectric point of a peptide or protein are
known in the art. For example, pl may be calculated using the Prot Param software available at; htip://web.expasy.org/protparam/
(8) In some embodiments, peptide shuttle agents of the present description may be composed of 35 to 65% of hydrophobic
residues (A, C, G, I, L, M, F, P, W, Y, V). In particular embodiments, the peptide shuttle agents may be composed of 36% 10 64%,
37% to 63%, 38% to 62%, 39% to 61%, or 40% to 60% of any combination of the amino acids: A, C, G, |, L, M, F, P, W, Y, and V.
) In some embodiments, peptide shuttle agents of the present description may be composed of 0 to 30% of neutral hydrophilic
residues (N, Q, S, T). In particular embodiments, the peptide shuttle agents may be composed of 1% to 29%, 2% to 28%, 3% to
27%, 4% 1o 26%, 5% to 25%, 6% to 24%, 7% to 23%, 8% to 22%, 9% to 21%, or 10% to 20% of any combination of the amino
acids:N, Q,S,and T.

(10) In some embodiments, peptide shuttle agents of the present description may be composed of 35 to 85% of the amino acids
A, L, K andlor R. In particular embodiments, the peptide shuttle agents may be composed of 36% to 80%, 37% to 75%, 38% to 70%,
39% to 65%, or 40% to 60% of any combination of the amino acids: A, L, K, or R.

(11) In some embodiments, peptide shuttle agents of the present description may be composed of 15 to 45% of the amino acids
A and/or L, provided there being at least 5% of L in the peptide. In particular embodiments, the peptide shuttle agents may be
composed af 15% to 40%, 20% to 40%, 20 to 35%, or 20 to 30% of any combination of the amino acids; A and L, provided there
being at least 5% of L in the peptide.

(12) In some embodiments, peptide shuttle agents of the present description may be composed of 20 to 45% of the amino acids
K andfor R. In particular embodiments, the peptide shuttle agents may be composed of 20% to 40%, 20 to 35%, or 20 to 30% of any
combination of the amino acids: K and R.

(13) In some embodiments, peptide shuttle agents of the present description may be composed of 0 to 10% of the amino acids
D and/or E. In particular embodiments, the peptide shuttle agents may be composed of 5 to 10% of any combination of the amino
acids: D and E.

(14) In some embodiments, the absolute difference between the percentage of A and/or L and the percentage of K and/or Rin
the peptide shuttle agent may be less than or equal to 10%. In particular embodiments, the absolute difference between the
percentage of A and/or L and the percentage of K and/or R in the peptide shuttle agent may be less than or equal to 9%, 8%, 7%,
6%, or 5%.

(15) In some embodiments, peptide shuttle agents of the present description may be composed of 10% to 45% of the amino
acidsQ, Y, W,P,|,S,G,V,F, E,D,C, M, N, T, or H (i.e,, not A, L, K, or R). In particular embodiments, the peptide shuttle agents
may be composed of 15 to 40%, 20% to 35%, or 20% to 30% of any combination of the amino acids: Q, Y, W, P, |, S, G, V, F, E, D,
C,M/N,T,andH.

In some embodiments, peptide shuttle agents of the present description respect at least one, at least two, at least three, at
least four, at least five, at least six, at least seven, at least eight, at least nine, at least ten, at least eleven, at least twelve, at leave
thirteen, at least fourteen, or all of parameters (1) to (15) described herein. In particular embodiments, peptide shuttle agents of the
present description respect all of parameters (1) to (3), and at least six, at least seven, at least eight, at least nine, at least ten, at
least eleven, or all of parameters (4) to (15) described herein.

In some embodiments, where a peptide shuttle agent of the present description comprises only one histidine-rich domain,
the residues of the one histidine-rich domain may be included in the celculation/assessment of parameters (1) to (15) described
herein. In some embodiments, where a peptide shuttle agent of the present description comprises more than one histidine-rich
domain, only the residues of one of the histidine-rich domains may be included in the calculation/assessment of parameters (1) to
(15) described herein. For example, where a peptide shuttle agent of the present description comprises two histidine-rich domains;
afirst histidine-rich domain towards the N terminus, and a second histidine-rich domain towards the C terminus, only the first histidine-
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rich domain may be included in the calculation/assessment of parameters (1) to (15) described herein.

In some embodiments, a machine-learning or computer-assisted design approach may be implemented to generate
peptides that respect one or more of parameters (1) to (15) described herein. Some parameters, such as parameters (1) and (5)-
(15), may be more amenable to implementation in a computer-assisted design approach, while structural parameters, such as
parameters (2), (3) and (4), may be more amenable to amanual design approach. Thus, in some embodiments, peptides that respect
one or more of parameters (1) to (15) may be generated by combining computer-assisted and manual design approaches. For
example, multiple sequence alignment analyses of a plurality of peptides shown herein (and others) to function as effective shuttle
agents revealed the presence of some consensus sequences —i.e., commonly found patterns of alternance of hydrophobic, cationic,
hydrophilic, alanine and glycine amino acids. The presence of these consensus sequences are likely to give rise to structural
parameters (2), (3) and (4) being respected (i.e., amphipathic alpha-helix formation, a positively-charged face, and a highly
hydrophobic core of 12%-50%). Thus, these and other consensus sequences may be employed in machine-learning andfor
computer-assisted design approaches to generate peptides that respect one or of parameters (1)-(15).

Accordingly, in some embodiments, peptide shuttle agents described herein may comprise or consist of the amino acid
sequence of;

a) [X1]-[X2Hlinker]{X3]{X4] (Formula 1);
b)  [X1]-[X2]-[linker]{X4]-[X3] (Formula 2)
c)  [X2]-[X1]-linker]{X3][X4] (Formula 3);
[X2]-[X1]-[linker]-[X4]-[X3] (Formula 4);

(
(
(
(

)

[X3]-[X4]-[linker]-[X1]-[X2] (Formula 5);
1) [X3]-[X4]-llinker]-[X2]-[X1] (Formula 6);
g)  [X4]-[X3]-linker]-{X1]{X2] (Formula 7); or
h)  [X4]-[X3Hlinker]-{X2]-[X1] (Formula 8),
wherein:
[X1]is selected from: 2[®]-1[+-2[Q]-1[]-1[+- ; 2[]-1[+]-2[D]-2[+- ; 1[+]-1[P)-1[+]-2[P]-1[-1]+]- ; and 1[+H-1[P]-1[+]-
2[®]-2[+-;
[X2] is selected from: -2[[-1[+]-2[P]-2[(]-; -2[P]1[+-2[P]-2[+]- ; -2(P|-1[H-2[PH[+1[G- ; -2[PH[+-2P[G-1[+-; -
2[@]-2[+-1[P]-2[+]- ; -2[@]-2[+]-1[P]-2(]-; -2[@-2[+]-1[P]-1[H-1[{]- ; and -2[@]-2[+]-1[P-1[(-1[+]-;
[X3] is selected from: -4[+]-A- ; -3[+}G-A- ; -3[H-AA-; -2[+[P-1[H-A- ; 2[+H-1[P]-C-A-; -2[+]-1[P]-A-A-; or -2[+]-A-
[+H-A; 2HAGA; -2[+HAAA-; [O]-3[H-A- ; -[P]-2[H-C-A- ; -1[O]-2[+H-AA-; P+ [PH[H-A; 1[D]-
THP-GA; AP AAOIAA; A[PHFAAH-A S ACHHAGCA; AO[H-AAA  -AAFAA A, -
A-1[+H-A-G-A; and -A-1[+-AAA;
[X4] is selected from; -1[(-2A-1[+H-A ; -1[(-2A-2[+ ; 1[+-2A1[+H-A ; [{-2A[H1G-A1[H ; -G-ANG-AANH 5 -2[H-A
2+]; -2[A-AA S 2[H-AAHIGA S 2l G-A S -BAIG-A A ARHIE-A2L 11 -A
THIG-AER S -10H-2G-A1 5 -11H-2(0-24 5 121G HAA; -1H-2GH BI-AT 5 -1H-2G-1EFAT
-3(¢-2[+ ; B[Q-1[+-A; -3 H-G-A[H 5 -11G-2ANH-A; -1[T-2A2[+] ; 1[-2AA[IG-AAT ; -20-AT[-
A 2[AIGHHA S AHAIG-AAH-A; -1[+-2AH(Q-A[H 5 and -1[G-A-1[(-A-1[+] ; and
[linker] is selected from: -Gn-; -Sn- ; (GnSn)n- ; -(GnSn)NGn- ; -(GnSNNSn- ; -(GNSN)hGN(GnSn)n-;
and -(GnSn)nSn(GnSn)n- ;
wherein; [®] is an amino acid which is: Leu, Phe, Trp, lle, Met, Tyr, or Val; [+] is an amino acid which is: Lys or Arg; [{] is an amino
acid which is; GIn, Asn, Thr, or Ser; A is the amino acid Ala; G is the amino acid Gly; Sis the amino acid Ser; and n is an integer
from11t020,1t019, 11018, 1t017,1t016,1to 15, 11014, 11013, 1t012,1t0 11,110 10,1109, 1108, 1t0 7,110 6, 1to 5,1
to1to4,or1to3.
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In some embodiments, peptide shuttle agents of the present description may comprise or consist of any one of the amino
acid sequences of SEQ ID NOs: 104, 105, 107, 108, 110-131, 133-135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-
10 242. In some embodiments, peptide shuttle agents of the present description may comprise the amino acid sequence motifs of
SEQ ID NOs: 158 and/or 159, which were found in each of peptides FSD5, FSD16, FSD18, FSD19, FSD20, FSD22, and FSD23.
In some embodiments, peptide shuttle agents of the present description may comprise the amino acid sequence motif of SEQ ID
NO: 158 operably linked to the amino acid sequence motif of SEQ 1D NO: 159. In some embodiments, peptide shutfle agents of the
present description may comprise or consist of a peptide which is at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, cr
95% identical fo the amino acid sequence of any one of SEQ ID NOs: 104, 105, 107, 108, 110-131, 133-135, 138, 140, 142, 145,
148, 151, 152, 169-242, and 243-10 242, or afunctional variant of any one of SEQ ID NOs: 104, 105, 107, 108, 110-131, 133-135,
138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10 242. As used herein, a “functional variant’ refers to a peptide having
polypeplide cargo transduction activity, which differs from the reference peptide by one or more conservative amino acid
substitutions. As used hersin, a “‘conservative amino acid substitution” is one in which one amino acid residue is replaced with
another amino acid residue having a similar side chain. Families of amino acid residues having similar side chains have been well
defined in the art, including basic side chains (e.g., lysine, argining, histidine), acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine, threonine, tyrosine, cysteine), nonpolar side chains (e.g.,
alanine, valine, leucine, isoleucine, proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine,
valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).

In some embodiments, peptide shuttle agents of the present description may comprise or consist of the amino acid
sequence of any one of SEQ ID NOs: 57-59, 66-72, or 82-102, or a functional variant thereof having at least 65%, 66%, 67%, 68%,
69%, 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81% 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%,
92%, 93%, 94%, or 95% identity to any one of SEQ ID NOs: 57-59, 66-72, or 82-102. In some embodiments, peptide shuttle agents
of the present description do not comprise one or more of the amino acid sequences of any one of SEQ ID NOs: 57-59, 66-72, or
82-102.

In some embodiments, shuttle agents of the present description may comprise oligomers (e.g., dimers, trimers, etc.) of
peptides described herein. Such oligomers may be constructed by covalently binding the same or different types of shuttle agent
monomers (e.g., using disulfide bridges to link cysteine residues introduced into the monomer sequences). In some embodiments,
shuttle agents of the present description may comprise an N-terminal and/or a C-terminal cysteine residue.

Histidine-rich domains

In some embodiments, peptide shuttle agents of the present description may further comprise one or more histidine-rich
domains. In some embodiments, the histidine-rich domain may be a sfretch of at least 2, at least 3, at least 4, at least 5, or at least 6
amino acids comprising at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at least
65%, at least 70%, at least 75%, at least 80%, at least 85%, or at least 90% histidine residues. In some embodiments, the histidine-
rich domain may comprise at least 2, at least 3, at least 4 at least 5, atleast 6, atleast 7, at least 8, or at least 9 consecutive histidine
residues. Without being bound by theory, the histidine-rich domain in the shuttle agent may act as a proton sponge in the endosome
through protonation of their imidazole groups under acidic conditions of the endosomes, providing another mechanism of endosomal
membrane destabilization and thus further facilitating the ability of endosomally-trapped cargos to gain access to the cytosol. In some
embodiments, the histidine-rich domain may be located at or towards the N and/or C terminus of the peptide shuttle agent.
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Linkers

In some embodiments, peptide shuttle agents of the present description may comprise one or more suitable linkers (e.g.,
flexible polypeptide linkers). In some embodiments, such linkers may separate two or more amphipathic alpha-helical motifs (e.g.,
see the shuttle agent FSD18 in Figure 49D). In some embodiments, linkers can be used to separate two more domains (CPDs,
ELDs, or histidine-rich domains) from one another. In some embodiments, linkers may be formed by adding sequences of small
hydrophobic amino acids without rotatory potential (such as glycine) and polar serine residues that confer stability and flexibility.
Linkers may be soft and allow the domains of the shuttle agents to move. In some embodiments, prolines may be avoided since they
can add significant conformational rigidity. In some embodiments, the linkers may be serine/glycine-rich linkers (e.g., GGS,
GGSGGGS, GGSGGGSGGGS, or the like). In some embodiments, the use shuttle agents comprising a suitable linker may be
advantageous for delivering an independent polypeptide cargo fo suspension cells, rather than to adherent cells. In some
embodiments, the linker may comprise or consist of: -Gn- ; -Sn- ; (GnSn)N- ; -(GnSn)NGn- ; -(GnSnINSn- ; -(GnSNINGN(GnSn)n- ;
or (GnSn)nSn(GnSn)n- , wherein G is the amino acid Gly; S is the amino acid Ser; and n is an integer from 1 to 5.

Endosome leakage domains (ELDs)

In some aspects, peptide shuttle agents of the present description may comprise an endosome leakage domain (ELD) for
facilitating endosome escape and access to the cytoplasmic compartment. As used herein, the expression “endosome leakage
domain’ refers to a sequence of amino acids which confers the ability of endosomally-trapped macromolecules to gain access to
the cytoplasmic compartment. Without being bound by theory, endosome leakage domains are short sequences (often derived from
viral or bacterial peptides), which are believed to induce destabilization of the endosomal membrane and liberation of the endosome
contents into the cytoplasm. As used herein, the expression “endosomolytic peptide’ is intended to refer to this general class of
peptides having endosomal membrane-destabilizing properties. Accordingly, in some embodiments, synthetic peptide or
polypeptide-based shuttle agents of the present description may comprise an ELD which is an endosomolytic peptide. The activity
of such peptides may be assessed for example using the calcein endosome escape assays described in Example 2.

In some embodiments, the ELD may be a peptide that disrupts membranes at acidic pH, such as pH-dependent membrane
active peptide (PMAP) or a pH-dependent lytic peptide. For example, the peptides GALA and INF-7 are amphiphilic peptides that
form alpha helixes when a drop in pH modifies the charge of the amino acids which they contain. More particularly, without being
bound by theory, it is suggested that ELDs such as GALA induce endosomal leakage by forming pores and flip-flop of membrane
lipids following conformational change due to a decrease in pH (Kakudo, Chaki et al., 2004, Li, Nicol et al., 2004). In contrast, it is
suggested that ELDs such as INF-7 induce endosomal leakage by accumulating in and destabilizing the endosomal membrane (EI-
Sayed, Futaki et al., 2009). Accordingly, in the course of endosome maturation, the concomitant decline in pH causes a change in
the conformation of the peptide and this destabilizes the endosome membrane leading to the liberation of the endosome contents.
The same principle is thought to apply to the toxin A of Pseudomonas (Varkouhi, Scholte et al., 2011). Following a decline in pH, the
conformation of the domain of translocation of the toxin changes, allowing its insertion into the endosome membrane where it forms
pores (London 1992, O'Keefe 1992). This eventually favors endosome destabilization and translocation of the complex outside of
the endosome. The above described ELDs are encompassed within the ELDs of the present description, as well as other
mechanisms of endosome leakage whose mechanisms of action may be less well defined.

In some embodiments, the ELD may be an antimicrobial peptide (AMP) such as alinear cationic alpha-helical antimicrobial
peptide (AMP). These peptides play a key role in the innate immune response due to their ability to strongly interact with bacterial
membranes. Without being bound by theory, these peptides are thought to assume a disordered state in aqueous solution, but adopt
an alpha-helical secondary structure in hydrophobic environments. The latter conformation thought to contribute to their typical
concentration-dependent membrane-disrupting properties. When accumulated in endosomes at certain concentrations, some
antimicrobial peptides may induce endosomal leakage.
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In some embodiments, the ELD may be an antimicrobial peptide (AMP) such as Cecropin-A/Melittin hybrid (CM series)
peptide. Such peptides are thought to be among the smallest and most effective AMP-derived peptides with membrane-disrupting
ability. Cecropins are a family of antimicrobial peptides with membrane-perturbing abiliies against both Gram-positive and Gram-
negative bacteria. Cecropin A (CA), the first identified antibacterial peptide, is composed of 37 amino acids with a linear structure.
Melittin (M), a peptide of 26 amino acids, is a cell membrane lytic factor found in bee venom. Cecropin-melittin hybrid peptides have
been shown to produce short efficient antibiotic peptides without cytotoxicity for eukaryotic cells (i.e., non-hemoalytic), a desirable
property in any antibacterial agent. These chimeric peptides were constructed from various combinations of the hydrophilic N-terminal
domain of Cecropin A with the hydrophobic N-terminal domain of Melittin, and have been tested on bacterial model systems. Two
26-mers, CA(1-13)M(1-13) and CA(1-8) M(1-18) (Boman et al., 1989), have been shown to demonstrate a wider spectrum and
improved potency of natural Cecropin A without the cytotoxic effects of melittin.

In an effort to produce shorter CM series peptides, the authors of Andreu et al., 1992 constructed hybrid peptides such as
the 26-mer (CA(1-8)M(1-18)), and compared them with a 20-mer (CA(1-8)M(1-12)), a 18-mer (CA(1-8)M(1-10)) and six 15-mers
(CA(1-)M(1-8), CA(1-NM(2-9), CA(1-7)M(3-10), CA(1-7)M(4-11), CA(1-7)M(5-12), and CA(1-7)M(8-13)). The 20 and 18-mers
maintained similar activity comparatively to CA(1-8)M(1-18). Among the six 15-mers, CA(1-7)M(1-8) showed low antibacterial activity,
but the other five showed similar antibiotic potency compared to the 26-mer without hemolytic effect. Accordingly, in some
embodiments, synthetic peplide or polypeptide-based shuttle agents of the present description may comprise an ELD which is or is
from CM series peptide variants, such as those described above.

In some embodiments, the ELD may be the CM series peptide CM18 composed of residues 1-7 of Cecropin-A
(KWKLFKKIGAVLKVLTTG) fused to residues 2-12 of Melittin (YGRKKRRQRRR), [C(1-7)M(2-12)]. When fused to the cell
penetrating peptide TAT, CM18 was shown to independently cross the plasma membrane and destabilize the endosomal
membrane, allowing some endosomally-trapped cargos to be released to the cytosol (Salomone et al., 2012). However, the use of
aCM18-TAT11 peptide fused to afluorophore (atto-633) in some of the authors’ experiments, raises uncertainty as to the contribution
of the peptide versus the fluorophore, as the use of fluorophores themselves have been shown to confribute to endosomolysis --
e.g., via photochemical disruption of the endosomal membrane (Erazo-Cliveras et al., 2014).

In some embodiments, the ELD may be CM18 having the amino acid sequence of SEQ ID NO: 1, or a variant thereof
having at least 70%, 71%, 72%, /3%, 74%, 75%, /6%, 7%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
85%, 90%, 91%, 92%, 93%, 94%, or 95% identity to SEQ ID NO: 1 and having endosomolytic activity.

In some embodiments, the ELD may be a peptide derived from the N terminus of the HA2 subunit of influenza hemagglutinin
(HA), which may also cause endosomal membrane destabilization when accumulated in the endosome.

In some embodiments, synthetic peptide or polypeptide-based shuttle agents of the present description may comprise an
ELD which is or is from an ELD set forth in Table I, or a variant thereof having endosome escape activity and/or pH-dependent
membrane disrupting activity.

Table I: Examples of endosome leakage domains
Name Amino acid sequence SEQID NO: Reference(s)
CM18 KWKLFKKIGAVLKVLTTG 1 (Salomone, Cardarlli et

al, 2012)
VGSSLSCINLDWDVIRDKTKTKIESLKEHGPIKNK
MSESPNKTVSEEKAKQYLEEFHQTALEHPELSE
Diphtheriatoxin T | LKTVTGTNPVFAGANYAAWAVNVAQVIDSETAD
domain (OT) | NLEKTTAALSILPGIGSVMGIADGAVHHNTEEIVA
QSIALSSLMVAQAIPLVGELVDIGFAAYNFVESIIN
LFQWHNSYNRPAYSPG

GALA WEAALAEALAEALAEHLAEALAEALEALAA 3

(Unerek, Fominaya et al.,
2 1998, Glover, Ng et al.,
2009)

(Parente, Nir et al., 1990)
(Li, Nicol et al., 2004)
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VLAGNPAKHDLDIKPTVISHRLHFPEGGSLAALT
oEA AHQACHLPLETFTRHRQPRGWEQLEQCGYPV s (Fominaya and Wels
QRLVALYLAARLSWNQVDQVIRNALASPGSGG 1996)
DLGEAIREQPEQARLALT
INF-7 GLFEAIEGFIENGWEGMIDGWYGC 5 (E"Saye‘;bgg§ak' otal,
(Kichler, Mason et al.,
LAH4 KKALLALALHHLAHLALHLALALKKA 6 2008)
Kichler et al., 2003
HGP LLGRRGWEVLKYWWNLLQYWSQEL 7 Kwon et al., 2010
HEWYG GLFHAIAHFIHGGWHGLIHGWYG 8 (Midoue, ggg)'er otal,
HA2 GLFGAIAGFIENGWEGMIDGWYG g (Lo”ea“éohoou)'s etdl.
EB1 LIRLWSHLIHIWFQNRRLKWKKK 10 (Ama”d’z'(“)‘;ge” otal,
VSVG KFTIVFPHNQKGNWKNVPSNYHYCP 11 (Schuster, Wu et al,, 1998)
EGGSLAALTAHQACHLPLETFTRHRQPRGWEQ
Pseudomonas LEQCGYPVQRLVALYLAARLSWNQVDQVIRNAL 19 (Fominaya, Uherek et al.,
toxin ASPGSGGDLGEAIREQPEQARLAL TLAAAESER 1998)
FVRQGTGNDEAGAANAD
Melittin GIGAVLKVLTTGLPALISWIKRKRQQ 13 (Tan, Chen et al, 2012)
KALA WEAKL AKALAKAL AKHLAKALAKALKACEA 14 (Wymaq’g';';)o' otd,
JST-1 GLFEALLELLESLWELLLEA 15 (GOttS"gla'ﬁ'gz%?”OW ot
CLLKK)C CLLKKLLKKLLKKC 63 (Luan etal, 2014)
G(LLKK):G GLLKKLLKKLLKKG 64 (Luan et al,, 2014)

In some embodiments, shuttle agents of the present description may comprise one or more ELD or type of ELD. Mare
particulerly, they can comprise at least 2, at least 3, at least 4, at least 5, or more ELDs. In some embodiments, the shuttle agents
can comprise between 1 and 10 ELDs, between 1 and 9 ELDs, between 1 and 8 ELDs, between 1 and 7 ELDs, between 1 and 6
ELDs, between 1 and 5 ELDs, between 1 and 4 ELDs, between 1 and 3 ELDs, efc.

In some embodiments, the order or placement of the ELD relative to the other domains (CPD, histidine-rich domains) within
the shuttle agents of the present description may be varied provided the shuttling ability of the shuttle agent is retained.

In some embodiments, the ELD may be a variant or fragment of any one those listed in Table I, and having endosomolytic
activity. In some embodiments, the ELD may comprise or consist of the amino acid sequence of any one of SEQ ID NOs: 1-15, 63,
or 64, or a sequence which is at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 89%, 85%, 90%, 91%, 92%, 93%, 94%, or 95% identical to any one of SEQ ID NOs: 1-15, 63, or 64, and having
endosomolytic activity.

In some embodiments, shuttle agents of the present description do not comprise one or more of the amino acid sequence
of any one of SEQ ID NOs: 1-15, 63, or 64.

Cell penetration domains (CPDs)

In some aspects, the shuttle agents of the present description may comprise a cell penetration domain (CPD). As used
herein, the expression “cell penetration domain” refers to a sequence of amino acids which confers the ability of a macromolecule
(e.g., peptide or protein) containing the CPD to be transduced into a cell.
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In some embodiments, the CPD may be (or may be from) a cell-penetrating peptide or the protein transduction domain of
a cell-penetrating peptide. Cell-penetrating peptides can serve as carriers to successfully deliver a variety of cargos intracellularly
(e.g., polynucleotides, polypeptides, small molecule compounds or other macromoleculesicompounds that are otherwise membrane-
impermeable). Cell-penetrating peptides often include short peptides richin basic amino acids that, once fused (or otherwise operably
linked) to a macromolecule, mediate its internalization inside cells (Shaw, Catchpole et al., 2008). The first cell-penetrating peptide
was identified by analyzing the cell penetration ability of the HIV-1 frans-activator of transcription (Tat) protein (Green and
Loewenstein 1988, Vives, Brodin et al., 1997). This protein contains a short hydrophilic amino acid sequence, named “TAT", which
promotes its insertion within the plasma membrane and the formation of pores. Since this discovery, many other cell-penetrating
peptides have been described. In this regard, in some embodiments, the CPD can be a cell-penetrating peptide as listed in Table Il

or a variant thereof having cell-penetrating activity.
Table II: Examples of cell-penetrating peptides

Amino acid sequence SEQID NO: Reference(s)
SP AAVALLPAVLLALLAP 16 (Mahlum, Mandal et al., 2007)
(Green and Loewenstein 1988,
TAT YGRKKRRQRRR 17 Fawell, Seery et al., 1994, Vives,
Brodin et al., 1997)

: Ariggﬁg;ggia) RQIKIWFQNRRMKWKK 18 Perez, Joliot et al., 1992)
pVEC LLILRRRIRKQAHAHSK 19 (Elmquist, Lindgren et al., 2001)
M918 MVTVLFRRLRIRRACGPPRVRV 20 (E"A”da'oussg’of)o??ansson otal,
Pep-1 KETWWETWWTEWSQPKKKRKY 21 (Marris, Depollier et al., 2001)
Pep-2 KETWFETWFTEWSQPKKKRKY 22 {(Morris, Chaloin et al., 2004)
Xeniry LCLRPVG 23 (Montrose, Yang et al., 2013)

Arginine strefch RRRRRRRRR 24 (Zhou, Wu et al., 2009)

Transportan WTLNSAGYLLGKINLKALAALAKKIL 25 (Hallbrink, Floren et al., 2001)
SynB1 RGGRLSYSRRRFSTSTGR 26 (Drin, Cottin et al., 2003)
SynB3 RRLSYSRRRF 27 (Drin, Cottin et al., 2003)
PTD4 YARAAARQARA 85 (Ho et al, 2001)

Without being bound by theory, cell-penetrating peptides are thought to interact with the cell plasma membrane before
crossing by pinocytosis or endocytosis. In the case of the TAT peptide, its hydrophilic nature and charge are thought to promote its
insertion within the plasma membrane and the formation of a pore (Herce and Garcia 2007). Alpha helix motifs within hydrophobic
peptides (such as SP) are also thought to form pores within plasma membranes (Veach, Liu et al., 2004).

In some embodiments, shuttle agents of the present description may comprise one or more CPD or type of CPD. More
particulerly, they may comprise at least 2, at least 3, at least 4, or at least 5 or more CPDs. In some embodiments, the shuttle agents
can comprise between 1 and 10 CPDs, between 1 and 6 CPDs, between 1 and 5 CPDs, between 1 and 4 CPDs, between 1 and 3
CPDs, etc.

In some embodiments, the CPD may be TAT having the amino acid sequence of SEQ ID NO: 17, or a variant thereof
having at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81% 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, or 95% identity to SEQ ID NO: 17 and having cell penetrating activity; or Penetratin having the amino
acid sequence of SEQ ID NO: 18, or a variant thereof having at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%,
81% 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, or 95% identity to SEQ
ID NO: 18 and having cell penetrating activity.
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In some embodiments, the CPD may be PTD4 having the amino acid sequence of SEQ ID NO: 65, or a variant thereof
having at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81% 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, or 95% identity to SEQ ID NO: 65.

In some embodiments, the order or placement of the CPD relative to the other domains (ELD, histidine-rich domains) within
the shuttle agents of the present description may be varied provided the shuttling ability of the shuttle agent is retained.

In some embodiments, the CPD may be a variant or fragment of any one those listed in Table Il, and having cell penetrating
activity. In some embodiments, the CPD may comprise or consist of the amino acid sequence of any one of SEQ ID NOs: 16-27 or
65, or a sequence which is at least 70%, 71%, 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%, 80%, 81%, 82%, 83%, 84%, 85%,
86%, 87%, 88%, 83%, 85%, 90%, 91%, 92%, 93%, 94%, or 95% identical to any one of SEQ ID NOs: 16-27 or 65, and having cell
penetrating activity.

In some embodiments, shuttle agents of the present description do not comprise any one of the amino acid sequences of
SEQ ID NOs: 16-27 or 65.

Cargos

In some aspects, peptide shutle agents of the present description may be useful for delivering a polypeptide cargo (e.g.,
an independent polypeptide cargo) from an extracellular space to the cytosol and/or nucleus of a target eukaryotic cell, wherein the
synthetic peptide shuttle agent is used at a concentration sufficient to increase the transduction efficiency of said polypeptide cargo,
as compared to in the absence of said synthetic peptide shuttle agent. In some embodiments, the polypeptide cargo may be fused
to one or more CPDs to further facilitate intracellular delivery. In some embodiments, the CPD fused to the polypeptide cargo may
be the same or different from a CPD that may be present in the shuttle agent of the present description. Such fusion proteins may
be constructed using standard recombinant technology. In some embodiments, the independent polypeptide cargo may be fused,
complexed with, or covalently bound to a second biologically active cargo (e.g., a biologically active polypeptide or compound).
Alternatively or simultanecusly, the polypeptide cargo may comprise a subcellular targeting domain.

In some embodiments, the polypeptide cargo must be delivered to the nucleus for it to carry out its intended biological
effect. One such example is when the cargo is a polypeptide intended for nuclear delivery (e.g., a transcription factor). In this regard,
studies on the mechanisms of translocation of viral DNA have led to the identification of nuclear localization signals (NLSs). The NLS
sequences are recognized by proteins (importins a and B), which act as transporters and mediators of translocation across the
nuclear envelope. NLSs are generally enriched in charged amino acids such as arginine, histidine, and lysine, conferring a positive
charge which is partially responsible for their recognition by importins. Accordingly, in some embodiments, the polypeptide cargo
may comprise an NLS for facilitating nuclear delivery, such as one or more of the NLSs as listed in Table Ill, or a variant thereof
having nuclear targeting activity. Of course, it is understood that, in certain embodiments, the polypeptide cargo may comprise its
natural NLS,

Table Ill: Nuclear localization signals
Name Amino acid sequence SEQ ID NO: Reference(s)

Ela KRPRP 28 (Kohler, Gorlich et al., 2001)
SV40 T-Ag PKKKRKY 29 (Lanford, Kanda et al., 1986)
c-myc PAAKRVKLD 30 (Makkerh, Dingwall et al., 1996)
Op-T-NLS SSDDEATADSQHAAPPKKKRKY 31 (Chan and Jans 1999)
Vp3 KKKRK 32 (Nakanishi, Shum et al., 2002)
Nucleoplasmin KRPAATKKAGQAKKKK 33 (Fanara, Hodel et al., 2000)
Histone 2B NLS DGKKRKRSRK 34 (Moreland, Langevin et al., 1987)
Xenopus N1 VRKKRKTEEESPLKDKDAKKSKQE 35 (Kleinschmidt and Seiter 1988)
PARP KRKGDEVDGVDECAKKSKK 36 (Schreiber, Molinete et al.,, 1992)
PDX1 RRMKWKK 37 (Moede, Leibiger et al., 1999)
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QKI5 RVHPYQR 38 (Wu, Zhou et al., 1999)
HCDA KRPACTLKPECVQQLLVCSQEAKK 39 (Somasekarj‘g”é;)arm“z otal,
H2B GKKRSKA 40 (Moreland, Langevin et al., 1987)
v-Rel KAKRQR 41 (Gilmore and Temin 1988)
Amida RKRRR 42 (Irie, Yamagata et al,, 2000)
RanBP3 PPVKRERTS 43 (Welch, Franke et al., 1999)
Pho4p PYLNKRKGKP 44 (Welch, Franke et al., 1999)
LEF-1 KKKKRKREK 45 (Prieve and Waterman 1999)
TCF-1 KKKRRSREK 46 (Prieve and Waterman 1999)
BDV-P PRPRKIPR 47 (Shoya, Kobayashi et al., 1998)
TR2 KDCVINKHHRNRCQYCRLQR 48 (Yu, Lee et al., 1998)
SOX9 PRRRK 49 (Sudbeck and Scherer 1997)
Max PQSRKKLR 50 (Kato, Les et al, 1992)

Once delivered to the cytoplasm, recombinant proteins are exposed to protein trafficking system of eukaryotic cells. Indeed,
all proteins are synthetized in the cell's cytoplasm and are then redistributed to their final subcellular localization by a system of
transport based on small amino acid sequences recognized by shuttle proteins (Karniely and Pines 2005, Stojanovski, Bohnert et
al, 2012). In addition to NLSs, other localization sequences can mediate subcellular targeting to various organelles following
intracellular delivery of the polypeptide cargos of the present description. Accordingly, in some embodiments, polypeptide cargos of
the present description may comprise a subcellular localization signal for facilitating delivery of the shuttle agent and cargo to specific
organelles, such as one or more of the sequences as listed in Table IV, or avariant thereof having corresponding subcellular targeting
activity.

Table IV: Subcellular localization signals
Name Amino acid sequence SEQ ID NO: Reference(s)

Mitochonrial S'%';naéseq“e”"e from NLVERCFTD 51 (Milenkovic, Ramming et al., 2009)

Mitochondrial signal sequence from

Yeast cytochrome ¢ oxidase subunit MLSLRQSIRFFK 52 (Hurt, Pesold-Hurt et al., 1985)

v

Vilohondria 3gna SequenoeTrom |y |sRCKWWSRFPGNGR 53 (Bejarano and Gonzalez 1999)
Peroxisome g%rs‘j' sequence - SKL 54 (Gould, Keller et al., 1989)
Nudeolar S'gé‘%ézq“ence fom | MQRKPTIRRKNLRLRRK 55 (Soott, Boisvert et al., 2010)
Nucleolar signal sequence from .

RECQL4 KQAWKQKWRKK 56 (Scott, Boisvert et al., 2010)

In some embodiments, the cargo can be a biologically active compound such as a biclogically active (recombinant)
polypeptide (e.g., a transcription factor, a cytokine, or a nuclease) intended for intracellular delivery. As used herein, the expression
‘biologically active’ refers to the ability of a compound to mediate a structural, regulatory, and/or biochemical function when
introduced in a target cell.

In some embodiments, the cargo may be a recombinant polypeptide intended for nuclear delivery, such as a transcription
factar. In some embodiments, the transcription factor can be HOXB4 (Lu, Feng et al., 2007), NUP98-HOXA (Takeda, Goolsby et
al., 2006), Oct3/4, Sox2, Sox9, KIf4, c-Myc (Takahashi and Yamanaka 2006), MyoD (Sung, Mun et al., 2013), Pdx1, Ngn3 and MafA
(Akinci, Banga et al., 2012), Blimp-1 (Lin, Chou et al., 2013), Eomes, T-bet (Gordon, Chaix et al., 2012), FOXO3A (Warr, Binnewies
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et al., 2013), NF-YA (Dolfini, Minuzzo et al., 2012), SALL4 (Aguila, Liao et al., 2011), ISL1 (Fonoudi, Yeganeh et al., 2013), FoxA1
(Tan, Xie et al., 2010), Nanog, Esrrb, Lin28 (Buganim et al., 2014) , HIF1-alpha (Lord-Dufour et al., 2009), HIf, Runx1t1, Pbx1, Lmo2,
Zfp37, Prdm5 (Riddell et al., 2014), or Bel-6 (Ichii, Sakamoto et al., 2004).
In some embodiments, the cargo may be a recombinant polypeptide intended for nuclear delivery, such as a nuclease
useful for genome editing technologies. In some embodiments, the nuclease may be an RNA-guided endonuclease, a CRISPR
endonuclease, atype | CRISPR endonuclease, atype Il CRISPR endonuclease, a type |ll CRISPR endonucleasg, atype IV CRISPR
endonuclease, a type V CRISPR endonudlease, a type VI CRISPR endonuclease, CRISPR associated protein 9 (Cas9), Cpf1
(Zetsche et al., 2015), CasX andfor CasY (Burstein et al., 2016) a zinc-finger nuclease (ZFN), a Transcription activator-like effector
nuclease (TALEN) (Cox et al., 2015), a homing endonuclease, a meganuclease, a DNA-guided nuclease such as Nafronobacterium
gregoryi Argonaute (NgAgo; Gao et al., 2016), or any combination thereof. In some embodiments, the nuclease may be a catalytically
dead endonucleass, such as a catalytically dead CRISPR associated protein 9 (dCas9), dCpf1, dCasX, dCasY, or any combination
thereof. Other nucleases not explicitly mentioned here may nevertheless be encompassed in the present description. In some
embodiments, the nuclease may be fused to a nuclear localization signal (e.g., Cas9-NLS; Cpf1-NLS; ZFN-NLS; TALEN-NLS). In
some embodiments, the nuclease may be complexed with a nucleic acid (e.g., one or more guide RNAs, a crRNA, a tracrRNAs, or
both a crRNA and a tracrRNA). In some embodiments, the nuclease may possess DNA or RNA-binding activity, but may lack the
ability to cleave DNA,
In some embodiments, the shuttle agents of the present description may be used for intracellular delivery (e.g., nuclear
delivery) of one or more CRISPR endonucleases, for example one or more of the CRISPR endonucleases described below.
Type | and its subtypes A, B, C, D, E, F and |, including their respective Cas1, Cas2, Cas3, Cas4, Cast, Cas/ and Cas8
proteins, and the signature homologs and subunits of these Cas proteins including Cse1, Cse2, Cas/, Cash, and Cagbe subunits in
E. coli (type I-E) and Csy1, Csy2, Csy3, and Casbf in Pseudomonas aeruginosa (type |-F) (Wiedenheft et al.,, 2011; Makarova et al,
2011). Type Il and its subtypes A, B, C, including their respective Cas1, Cas2 and Cag9 proteins, and the signature homologs and
subunits of these Cas proteins including Csn complexes (Meakarova et al, 2011).  Type lll and its subtypes A, B and MTH326-like
module, including their respective Cas1, Cas2, Casb and Cas10 proteins, and the signature homologs and subunits of these Cas
proteins including Csm and CMR complexes (Makarova et al, 2011). Type IV represents the Csf3 family of Cas proteins. Members
of this family show up near CRISPR repeats in Acidithiobacillus ferrooxidans ATCC 23270, Azoarcus sp. (strain EbN1T), and
Rhodoferax ferrireducens (strain DSM 15236/ATCC BAA-621/T118). In the latter two species, the CRISPR/Cas locus is found on a
plasmid. Type V and it subtypes have only recently been discovered and include Cpf1, C2¢1, and C2¢3. Type VI includes the enzyme
C2¢2, which reported shares little homology to known sequences.
In some embodiments, the shuttle agents of the present description may be used in conjunction with one or more of the
nucleases, endonucleases, RNA-guided endonuclease, CRISPR endonuclease described above, for a variety of applications, such
as those described herein. CRISPR systems interact with their respective nucleic acids, such as DNA binding, RNA binding, helicase,
and nuclease motifs (Makarova et al, 2011; Barrangou & Marraffini, 2014). CRISPR systems may be used for different genome
editing applications including:
o a Cas-mediated genome editing method conducting to non-homologous end-joining (NHEJ) and/or Homologous-
directed recombination (HDR) (Cong et al, 2013);

e a catalytically dead Cas (dCas) that can repress and for activate transcription initiation when bound to promoter
sequences, to one or several gRNA(s) and to a RNA polymerase with or without a complex formation with others
protein partners (Bikard et al, 2013);

e acatalytically dead Cas (dCas) that can also be fused to different functional proteins domains as a method to bring

enzymatic activities at specific sites of the genome including transcription repression, transcription activation, chromatin
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remodeling, fluorescent reporter, histone modification, recombinase system acetylation, methylation, ubiquitylation,
phosphorylation, sumoylation, ribosylation and citrullination (Gilbert et al, 2013).

The person of ordinary skill in the art will understand that the present shuttle agents, although exemplified with Cas9 and
Cpf1 in the present examples, may be used with other nucleases as described herein. Thus, nucleases such as Cpf1, Cas9, and
variants of such nucleases or others, are encompassed by the present description. It should be understood that, in one aspect, the
present description may broadly cover any cargo having nuclease activity, such an RNA-guided endonuclease, or variants thereof
(e.g., those that can bind to DNA or RNA, but have lost their nuclease activity; or those that have been fused to a transcription factor).

In some embodiments, the polypeptide cargo may be a cytokine such as a chemokine, an interferon, an interleukin, a
lymphckine, or a tumour necrosis factor. In some embodiments, the polypeptide cargo may be a hormone or growth factor. In some
embodiments, the cargo may be an antibody (e.g., alabelled antibody, a therapeutic antibody, an anti-apoptotic antibody, an antibody
that recognizes an intracellular antigen). In some embodiments, the cargo can be a detectable label (fluorescent polypeptide or
reporter enzyme) that is intended for intracellular delivery, for example, for research and/or diagnostic purposes.

In some embodiments, the cargo may be a globular protein or a fibrous protein. In some embodiments, the cargo may have
a molecule weight of any one of about 5, 10, 15, 20, 25, 30, 35, 40, 45, to 50 to about 150, 200, 250, 300, 350, 400, 450, 500 kDa
or more. In some embodiments, the cargo may have a molecule weight of between about 20 to 200 kDa.

In some embodiments, the polypeptide cargo may be a peptide cargo, such as peptide that recognizes an intracellular
molecule.

In some embodiments, the polypeptide cargo may be an enzyme and/or an enzyme inhibitor.

In some embodiments, peptide shuttle agents of the present description may be useful for delivering a polypeptide cargo
from an extracellular space to the cytosol and/or nucleus of different types of target eukaryotic cells, wherein the synthetic peptide
shuttle agent is used at a concentration sufficient to increase the transduction efficiency of said polypeptide cargo, as compared to
in the absence of said synthetic peptide shuttle agent. The target eukaryotic cells may be an animal cell, a mammalian cell, or a
human cell. In some embodiments, the target eukaryotic cells may be a stem cell (e.g., embryonic stem cells, pluripotent stem cells,
induced pluripotent stem cells, neural stem cells, mesenchymal stem cells, hematopoietic stem cells, peripheral blood stem cells), a
primary cell (e.g., myoblast, fibroblast), or an immune cell (e.g., NK cell, T cell, dendritic cell, antigen presenting cell). It will be
understood that cells that are often resistant or not amenable to protein transduction may be interesting candidates for the synthetic
peptides or polypeptide-based shuttle agents of the present description.

Non-toxic, metabolizable shuttle agents

In some embodiments, the shuttle agents of the present description may be non-toxic to the intended target eukaryotic cells
at concentrations up to 50 UM, 45 uM, 40 pM, 35 pM, 30 pM, 25 pM, 20 pM, 15 uM, 10 uM, 8 UM, 8 uM, 7 UM, 6 UM, 5 uM, 4
UM, 3uM, 2 uM, 1 uM, 0.5 uMm Q.1 uM, or 0.05 uM. Cellular toxicity of shuttle agents of the present description may be measured
using any suitable method. Furthermore, transduction protocols may be adapted (e.g., concentrations of shuttle andfor cargo used,
shuttlefcargo exposure times, exposure in the presence or absence of serum), to reduce or minimize toxicity of the shuttle agents,
and/or to improve/maximize transfection efficiency.

In some embodiments, shuttle agents of the present description may be readily metabolizable by intended target eukaryotic
cells. For example, the shuttle agents may consist entirely or essentially of peptides or polypeptides, for which the target eukaryotic
cells possess the cellular machinery to metabolize/degrade. Indeed, the infraceliular half-life of the synthetic peptides and
polypeptide-based shuttle agents of the present description is expected to be much lower than the half-life of foreign organic
compounds such as fluorophores. However, fluorophores can be toxic and must be investigated before they can be safely used
clinically (Alford et al., 2009). In some embodiments, shuttle agents of the present description may be suitable for clinical use. In
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some embodiments, the shuttle agents of the present description may avoid the use of domains or compounds for which toxicity is
uncertain or has not been ruled out,

Cocktails

In some embodiments, the present description relates to a composition comprising a cocktail of at least 2, at least 3, at
least 4, or at least 5 different types of the synthetic peptides or polypeptide-based shuttle agents as defined herein. In some
embodiments, combining different types of synthetic peptides or peptide shuttle agents (e.g., different shutle agents comprising
different types of domains) may provide increased versatility for delivering different polypeptide cargos intracellularly. Furthermore,
without being bound by theory, combining lower concentrations of different types of shuitle agents may help reduce cellular toxicity
associated with using a single type of shuttle agent (e.g., at higher concentrations).

Methods, kits, uses and cells

In some embodiments, the present description relates to methods for delivering a polypeptide cargo from an extracellular
space to the cytosol and/or nucleus of a target eukaryotic cell. The methods comprise contacting the target eukaryotic cell with the
polypeptide cargo in the presence of a shuttle agent at a concentration sufficient to increase the transduction efficiency of said
polypeptide cargo, as compared to in the absence of said shuttle agent. In some embodiments, contacting the target eukaryotic cell
with the polypeptide cargo in the presence of the shuttle agent results in anincrease in the transduction efficiency of said polypeptide
cargo by at least 10-fold, 20-fold, 30-fold, 40-fold, 50-fold, or 100-fold, as compared to in the absence of said shuttle agent.

In some embodiments, the present description relates to amethod for increasing the transduction efficiency of a polypeptide
cargo to the cytosol of a target eukaryotic cell. As used herein, the expression “increasing transduction efficiency’ refers to the
ability of a shuttle agent of the present description to improve the percentage or proportion of a population of target cells into which
a cargo of interest (e.g., a polypeptide cargo) is delivered intracellularly across the plasma membrane. Immunofluorescence
microscopy, flow cytometry, and other suitable methods may be used to assess cargo transduction efficiency. In some embodiments,
a shuttle agent of the present description may enable a transduction efficiency of at least 25%, 30%, 35%, 40%, 45%, 50%, 55%,
60%, 65%, 70%, 75%, 80%, or 85%, for example as measure by immunofluorescence microscopy, flow cytometry, FACS, and other
suitable methods. In some embodiments, a shutfle agent of the present description may enable one of the aforementioned
transduction efficiencies together wish a cell viability of at least 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%,
85%, 90%, or 95%, for example as measure by the assay described in Example 3.3a, or by another sLitable assay known in the art,

In addition to increasing target cell transduction efficiency, shuttle agents of the present description may facilitate the delivery
of acargo of interest (e.g., a polypeptide cargo) to the cytosol of target cells. In this regard, efficiently delivering an extracellular cargo
to the cytosol of a target cell using peptides can be challenging, as the cargo often becomes trapped in intracellular endosomes after
crossing the plasma membrane, which may limit its intracellular availability and may result in its eventual metabolic degradation. For
example, use of the protein transduction domain from the HIV-1 Tat protein has been reported to result in massive sequestration of
the cargointointracellular vesicles. In some aspects, shuttle agents of the present description may facilitate the ability of endosomally-
trapped cargo to escape from the endosome and gain access fo the cytoplasmic compartment. In this regard, the expression “to the
cytosol” in the phrase “increasing the transduction efficiency of an independent polypeptide cargo to the cytosol,” is intended to refer
to the ability of shuttle agents of the present description to allow an infracellularly delivered cargo of interest to escape endosomal
entrapment and gain access to the cytoplasmic compartment. After a cargo of interest has gained access to the cytosal, it may be
subsequently targefed to various subcellular compartments (e.g., nucleus, nucleolus, mitochondria, peroxisome). In some
embodiments, the expression “to the cytosol” is thus intended to encompass not only cytosolic delivery, but also delivery to other
subcellular compartments that first require the cargo to gain access to the cytoplasmic compartment.
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In some embodiments, the methods of the present description are in vifro methods. In other embodiments, the methods of
the present description are in vivo methods.

In some embodiments, the methods of the present description may comprise contacting the target eukaryotic cell with the
shuttle agent, or composition as defined herein, and the polypeptide cargo. In some embodiments, the shuttle agent, or composition
may be pre-incubated with the polypeptide cargo to form a mixture, prior to exposing the target eukaryotic cell to that mixture. In
some embodiments, the type of shuttle agent may be selected based on the amino acid sequence of the polypeptide cargo to be
delivered intracellularly. In other embodiments, the type of shuttle agent may be selected fo take into account the amino acid
sequence of the polypeptide cargo to be delivered intracellularly, the type of cell, the type of tissue, efc.

In some embodiments, the method may comprise multiple freatments of the target cells with the shuttle agent, or
composition (e.g., 1, 2, 3, 4 or more times per day, and/or on a pre-determined schedule). In such cases, lower concentrations of the
shuttle agent, or composition may be advisable (e.g., for reduced toxicity). In some embodiments, the cells may be suspension cells
or adherent cells. In some embodiments, the person of skill in the art will be able to adapt the teachings of the present description
using different combinations of shuttles, domains, uses and methods to suit particular needs of delivering a polypeptide cargo to
particular cells with a desired viability.

In some embodiments, the methods of the present description may apply to methods of delivering a polypeptide cargo
intracellularly to a cell in vivo. Such methods may be accomplished by parenteral administration or direct injection into a tissue, organ,
or system.

In some embodiments, the shuttle agent, or composition, and the polypeptide cargo may be exposed to the target cell in
the presence or absence of serum. In some embodiments, the method may be suitable for clinical or therapeutic use.

In some embodiments, the present description relates to a kit for delivering a polypeptide cargo from an extracellular space
to the cytosol and/or nucleus of a target eukaryotic cell. In some embodiments, the present description relates to a kit for increasing
the transduction efficiency of a polypeptide cargo to the cytosol of a target eukaryotic cell. The kit may comprise the shuttle agent, or
composition as defined herein, and a suitable container.

In some embodiments, the target eukaryotic cells may be an animal cell, a mammalian cell, or a human cell. In some
embodiments, the target eukaryotic cells may be a stem cell (e.g., embryonic stem cells, pluripotent stem cells, induced pluripotent
stem cells, neural stem cells, mesenchymal stem cells, hematopoietic stem cells, peripheral blood stem cells), a primary cell (e.g.,
myoblast, fibroblast), or animmune cell (e.g., NK cell, T cell, dendritic cell, antigen presenting cell). In some embodiments, the present
description relates to an isolated cell comprising a synthetic peptide or polypeptide-based shuttle agent as defined herein. In some
embodiments, the cell may be a protein-induced pluripotent stem cell. It will be understood that cells that are often resistant or not
amenable to protein fransduction may be interesting candidates for the synthetic peptides or polypeptide-based shuttle agents of the
present description.

In some embodiments, the present description relates to a method for producing a synthetic peptide shuttle agent that
delivers a polypeptide cargo from an extracellular space to the cytosol andfor nucleus of a target eukaryotic cell, the method
comprising synthesizing a peptide which is:

(1) apeptide at least 20 amino acids in length comprising

(2)  an amphipathic apha-helical motif having a positively-charged hydrophilic outer face, and

(3) ahydrophobic outer face,
wherein at least five of the following parameters (4) to (15) are respected:

(4)  the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/or

M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation
of the alpha-helix having 3.6 residues per turn;

(6)  the peptide has a hydrophobic moment (u) of 3.5 to 11;
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) the peptide has a predicted net charge of at least +4 at physiological pH;

) the peptide has an isoelectric point (pl) of 8 to 13;

) the peptide is composed of 35% to 65% of any combination of the amino acids: A, C, G, I, L, M, F, P, W, Y, and V,

) the peptide is composed of 0% to 30% of any combination of the amino acids; N, Q, S, and T;

10) the peptide is composed of 35% to 85% of any combination of the amino acids: A, L, K, or R;

1) the peptide is composed of 15% to 45% of any combination of the amino acids: A and L, provided there being at least
5% of L in the peptide;

(12) the peptide is composed of 20% to 45% of any combination of the amino acids: K and R;

3) the peptide is composed of 0% to 10% of any combination of the amino acids; D and E;

(14) the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R

residues in the peptide (% K +R), is less than or equal to 10%; and
{15) the peptide is composed of 10% to 45% of any combination of the amino acids: Q, Y, W, P, I, S, G, V, F, E, D, C, M,
N, T, and H.

In some embodiments, the present description relates to a method for identifying a shuttle agent that delivers a polypeptide
cargo from an exiracellular space to the cytosol and/or nucleus of a target eukaryotic cell, the method comprising: (a) synthesizing a
peptide which is the peptide as defined herein; (b) contacting the target eukaryotic cell with the polypeptide cargo in the presence of
said peptide; (c) measuring the transduction efficiency of the polypeptide cargo in the target eukaryotic cell; and (d) identifying the
peptide as being a shutle agent that transduces the polypeptide cargo, when an increase in the transduction efficiency of said
polypeptide cargo in the target eukaryotic cell is observed.

In some embodiments, the present description relates to a genome editing system comprising: (a) the shuttle agent as
defined herein; (b) a CRISPR-associated endonuclease; and (c) one or more guide RNAs. In some embodiments, the genome
editing system may further comprise a linear DNA template for controlling the genome editing.

Genome editing for improved cell therapy

In some embodiments, the shuttle agents, synthetic peptides, compositions, and methods described herein may be used
for transducing genome-editing complexes (e.g., the CRISPR-based genome editing complexes) to genetically engineer cells for
improved cell therapy, as compared to native cells or unengineered cells. Such improvements may include, for example, reducing
the immunogenicity of the engineered cells and/or improving the activity/efficacy of the engineered cells.

Particularly attractive immune cells for genome engineering may be natural killer (NK) cells, given their natural ability to
recognize and kill tumor cells. Accordingly, in some embodiments, the present description relates to the use of the shuttle agents,
synthetic peptides, compositions, and methods described herein for transducing genome-editing complexes (e.g., the CRISPR-
based genome editing complexes) to genetically engineer NK (or other immune cells that would benefit from the same modifications)
for improved cell-based immunotherapy. For example, the present description may relate to the intracellular delivery of one or more
CRISPR-based genome editing complexes that comprise a guide RNA and/or linear DNA template targeting the CBLB gene, ¢-CBL
gene, GSK3 gene, ILT2 gene, CISH gene, NKGZa gene, B2M gene, or any combination thereof. Such gene targets may potentiate
NK-mediated cellular cytotoxicity following knockout, as discussed below.

1. NKG2A (KLRC1, CD159A, Killer cell lectinike receptor C1)

CD94/NKG2A acts as an MHC class- specific NK inhibitory receptor (Braud et al., 1998; Lee et al., 1998). It is expressed
by a subset of NK cells known as CD56bignt CD169m (~10% of peripheral NK), which are typically less cytotoxic (Cooper et al., 2001,
Poli et al., 2009). NKG2A ligands are the non-classical MHC class-| HLA-E molecules that are expressed in every human cell. The

34



10

15

20

25

30

35

40

WO 2018/068135 PCT/CA2017/051205

recognition of HLA-E by the NKG2A receptor is part of the “self-tolerance” mechanism (also including KIR receptors), resulting in
negative modulation of NK cell cytotoxicity (Lee et al., 1998).

There exists clinical evidence demonstrating the role of non-classical HLA class |, mainly HLA-E and HLA-G (see ILT-2
target), in evading immune surveillance resulting in higher cancer relapses and decrease overall survival following surgery (de Kruiif
et al,, 2010; Levy et al., 2008; Ye et al., 2007a; Yie et al.,, 2007b; Yie et al., 2007¢; Yie et al., 2007d; Guo et al., 2015; Ishigami et al.,
2015; Zhen et al., 2013). The use of NKG2A-KO NK cells during adoptive cell therapy may counteract the presence of HLA-E
molecules (membrane-bound or solubles) in tumor microenvironment. In addition, NK cells expanded from 1115 or IL.21-expressing
K562 feeder cells lead to a high percentage of NKG2Apes cells (Denman et al., 2012), and it may be desirable to knockout this
inhibitory receptor during the expansion process. Furthermore, the results in Example G.9 demonstrate that NKG2A-KO NK92 cells
are significantly more cyfotoxic against IFN-gamma-treated Hel_a cells.

2.1LT2 (Ig-Like transcript 2 gene)

ILTZ2 is an inhibitory receptor expressed on several immune cells, including NK cells (Kirwan et al.,, 2005). The ligands for
this receptor are HLA-G molecules, which are naturally expressed only in thymus and trophoblasts. However, many tumors gain the
capacity to express HLA-G to escape immune cell attack by inhibition through ILT2 receptor activation. In fact, NKL'"cells are more
potent than parental NKL against HLA-G-overexpressing K562 cells (Wu et al., 2015). Moreover, overexpression of HLA-G in
OVCAR-3 cancer cells impaired NK cell-mediated cytotoxicity (Lin et al., 2007). As for HLA-E, expression of HLA-G on cancer cells
is generally associated with poor prognosis.

3. ¢-Chl and Cbl-b (Casitas B-lineage lymphoma proto-oncogene family).

These genes (from the Casitas B-lineage lymphoma proto-oncogene, Cbl family) encode for E3 ligases, which are function
in the protein ubiquitylation pathway (regulation of cellular protein content). E3 ligases catalyze the formation of a covalent bond
between Ub (ubiquitin) and specific lysine residues on targeted proteins (more than thousand E3 ligases in mammalians). Cbl family
members are involved in negative regulation of signaling by receptor tyrosine kinases on immune cells by binding and ubiquitylating
phosphorylated receptor and adaptors (Liu et al., 2014; utz-Nicoladoni, 2015). One demonstrated that both c-cbl and Cbl-b
ubiquitylate phosphorylated LAT adaptor. Phosphorylation of LAT following NK cell activation is required to recruit other mediators,
especially PLC-y, and siRNA-mediated ¢-cbl and Cbl-b knockdown increased NK cell activity against B cell lymphoma 721.221-Cw4
(Matalon et al., 2016).

Others identified TAM (Tyro3, Axl, Mer) receptors as targets for Cbl-b ubiquitylation (Paolino et al., 2014). However,
assuming that TAM receptors are proposed to negatively regulate NK cells, Cbl-b knockout should rather be associated to a decrease
in NK cell activity. Therefore, TAM receptors may be considered as a good target to enhance NK cells but unlikely via Cbl-b knockout.

In vivo studies demonstrated that Cbl-b+mice prevent primary tumor growth (Loeser et al., 2007). In addition, NK cells
isolated from these mice have increased proliferation and IFN-y production when activated (Paclino et al., 2014).

4. GSK3B (glycogen synthase kinase beta)

GSK3b is a Ser/Thr kinase involved in several cellular functions, such as proliferation, apoptosis, inflammatory response,
stress, and others (Patel et al., 2017). Inhibition of GSK3b (using small inhibitors) in NK cells leads to increase cytotoxicity (likely
through IFN-g, TNF-a production, 2B4 stimulation and up-regulation of LFA-1) against AML (OCI-AML3) (Parameswaran et al.,
2016; Aoukaty et al., 2005). We have recently demonstrated that the GSK3p inhibitor, SB216763, enhances the cytotoxic activity of
NK92 against HelLa cells (data not shown). This effect is increased by co-incubation with IL-15.

5. CISH (Cytokine-inducible SH2-containing protein)
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CIS protein is a member of the suppressor of cytokine signaling (SOCS) proteins, which bind to phosphorylated JAKs and
inhibit JAK-STAT signaling pathways. Recently, Cish-/- mice demonstrated that CIS is a key suppressor of IL15 signaling in NK cells
(Delconte et al., 2016). Following IL15 exposure, these cells have prolonged IL15 responses, an elevated IFN-g production, and an
increased cytotoxic potential. Moreover, there is a clear relationship between IL15 responsiveness and NKG2D-dependent
cytotoxicity (Horng et al., 2007),

In clinical trials, co-injection of cytokines, such as IL2 and IL15, during adoptive NK-cell therapy is strongly recommended
to sustain NK cell activity. However, such a co-injection induces serious side effects to patients. The use of IL15-hypersensitive NK
cells (CISH knockout) would bengfit the treatment.

In some embodiments, disrupting the B2M gene encoding 32 microglobulin (B2M), a component of MHC class | molecules,
may substantially reduce the immunogenicity of every cell expressing MHC class |. In other aspects, the genome of NK cells can be
modified after the delivery of a genome editing system as described herein, More specifically, the cytotoxicity of NK cells can be
improved after the delivery of a genome editing system targeting specific putative targets that may potentiate NK-mediated cellular
cyfotoxicity such as the NKG2A, ILT2, c-Cbl, Cbl-b, GSK3B and CISH genes.

Co-transduction with a polypeptide cargo of interest and a marker protein

The ability of domain-based and rationally-designed peptlide shuttle agents to co-transduce two different polypeptide cargos
into a population of target eukaryotic cells has been demonstrated herein and in PCT patent application publication No.
WO/2016/161516. Example | of the present description shows that co-transducing a polypeptide cargo of interest (e.g., a CRISPR-
endonuclease) and an independent marker protein (e.g., GFP) in a population of target eukaryotic cells may not necessarily increase
the overall transduction efficiency of the polypeptide cargo of interest. However, it was surprisingly discovered that a strikingly high
proportion of target eukaryotic cells that were successfully fransduced with the polypeptide cargo of interest, were also successfully
transduced with the 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 fransduced 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 exhibited the highest proportion of transduction with the polypeptide cargo of interest.

In some aspects, the present description relates to a method for enriching eukaryotic cells transduced with a polypeptide
cargo of interest. The method may comprise () co-transducing a target eukaryotic cell population with a polypeptide cargo of interest
and a marker protein; and (b) isolating or concentrating eukaryotic cells transduced with the marker protein, thereby enriching
eukaryotic cells transduced with the polypeptide cargo of interest.

In some embodiments, the marker protein may not be covalently bound to the polypeptide cargo of interest (e.g., the marker
protein is independent from the polypeptide cargo of interest), the marker protein may be covalently bound to the polypeptide cargo
of interest, the marker protein may be non-covalently bound to the polypeptide cargo of interest (e.g., electrostatically and/or
conformationally bound via a protein demain-protein domain interaction), or the marker protein is covalently bound to the polypeptide
cargo of interest via a cleavable linker (e.g., a linker peptide comprising an enzyme cleavage site, such as an enzyme expressed in
endosomes, lysosomes, or in the cytosal). In some embodiments, the intracellular concentration of the transduced marker protein
may be positively comrelated with the intracellular concentration of the transduced polypeptide cargo of interest.

In some embodiments, the marker protein may comprise a detectable label. As used herein, “detectable label’ refers to a
molecule or particle that enables a person of skill in the art to identify and separate cells comprising the label from cells lacking the
label. In some embodiments, the marker protein may be a fluorescent protein, a fluorescently-labeled protein, a bicluminescent
protein, an isotopically-labelled protein, a magnetically-labeled protein, or another detectable label that enables separation of cells
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containing the marker protein from cells lacking the marker protein, or enables separation of cells based on the level of intracellular
marker protein.

In some embodiments, eukaryotic cells fransduced with the marker protein may be isolated or concentrated using flow
cytometry, fluorescence-activated cell sorting (FACS), magnetic-activated cell sorting (MACS), or other known cell separation/sorting
technologies. Isolating or enriching successfully fransduced cells may be particularly advantageous, for example, for polypeptide
cargoes such as functional CRISPR-based genome-editing complexes, which may be associated with relatively lower fransduction
efficiencies.

It was also surprisingly disclosed herein in Example | that cells that were unsuccessfully transduced following a first round
of fransduction with a polypeptide cargo of interest, may be isolated and re-transduced with the polypeptide cargo of interest in
subsequent rounds of fransduction. These results suggest that, although the cells unsuccessfully transduced following a first round
of transduction with a polypeptide cargo of interest are not necessarily refractory to subsequent transductions.

In some embodiments, the present description relates to a method for enriching eukaryotic cells transduced with a
polypeptide cargo of interest, the method comprising; (a) co-iransducing a target eukaryotic cell population with a polypeptide cargo
of interest and a marker protein; (b) isolating eukaryotic cells transduced with the marker protein from cells lacking the marker protein,
thereby producing a marker profein-positive cell population and a marker protein-negative cell population. In some embodiments,
steps (a) and (b) may be repeated, one or more times, on the marker protein-negative cell population, on the marker protein-positive
cell population, or on both the marker protein-negative and the marker protein-positive cell populations. In some embodiments, the
method for enriching eukaryotic calls transduced with a polypeptide cargo of interest may be automated, for example, by isolating
cells negative for transduction with the marker protein and re-transducing the marker protein-negative cell population.

In some embodiments, the present description relates to a method for enriching eukaryotic cells transduced with a
polypeptide cargo of interest, the method comprising: (a) co-transducing a target eukaryotic cell population with a polypeptide cargo
of interest and a marker protein; and (b) isolating eukaryotic cells transduced with the marker protein based on their intracellular
concentration of the marker protein.

In some embodiments, the marker protein described herein may be a protein that stimulates cell proliferation (e.g., a growth
factor or a transcription factor), a protein that stimulates cell differentiation, a protein that promotes cell survival, an anti-apoptotic
protein, or a protein having another biological activity.

In some embodiments, the polypeptide cargo of interest and the marker protein may be co-fransduced by contacting the
target eukaryotic cell with the polypeptide cargo and the marker protein in the presence of a peptide transduction agent, wherein the
peptide transduction agent is present at a concentration sufficient to increase the transduction efficiency of the polypeptide cargo
and the marker protein, as compared to in the absence of said peptide transduction agent. In some embodiments, the peptide
transduction agent may be an endosomolytic peptide. In some embodiments, the peptide transduction agent is or comprises a
domain-based peptide shuttle agent, or a rationally designed peptide shuttle agent as defined herein, in PCT patent application
publication No. W0/2016/161516, andlor US 9,738,687. In some embodiments, the aforementioned domain-based peptide shuttle
agent may be a synthetic peptide comprising an endosome leakage domain (ELD) operably linked to a cell penetrating domain
(CPD), or an ELD cperably linked fo a histidine-rich domain and a CPD. In some embodiment, the aforementioned domain-based
peptide shuttle agent: (a) comprises a minimum length of 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, or 30 amino acid residues and a
maximum length of 35, 40, 45, 50, 55, 65, 70, 75, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, or 150 amino
acid residues; (b) has a predicted net charge of at least +4, +5, +6, +7, +8, +9, +10, +11, +12, +13, +14, or +15 at physiological pH;
(c) is soluble in aqueous solution; or (d) any combination of (a) to (c). In some embodiments, the ELD, CPD, histidine-rich domain,
linker domain, are as defined herein. In some embodiments, the target eukaryotic cells comprise or consist of animal cells,
mammalian cells, human cells, stem cells, primary cells, immune cells, T cells, NK cells, dendritic cells, or other types or sub-types
of cells.
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In some embodiments, the polypeptide cargo of interest may be: (i) the polypeptide cargo as defined herein; and/or (ii) one
or more CRISPR-associated endonucleases alone or with one or more corresponding guide RNA and/or linear DNA templates as
defined herein.

ITEMS
In some embodiments, the present description may relate to the following items:
1. A method for delivering a polypeptide cargo from an extracellular space to the cytosol and/or nucleus of a target eukaryotic
cell, said method comprising contacting the target eukaryotic cell with the polypeptide cargo in the presence of a shultle agent at a
concentration sufficient to increase the transduction efficiency of said polypeptide cargo, as compared to in the absence of said
shuttle agent, wherein said shuttle agent is
(1)  apeptide at least 20 amino acids in length comprising
(2)  an amphipathic alpha-helical motif having a positively-charged hydrophilic outer face, and
(3) ahydrophobic outer face,
wherein at least five of the following parameters (4) to (15) are respected:
(4)  the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/or
M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation
of the alpha-helix having 3.6 residues per turn;

(5) the peptide has a hydrophobic moment (u) of 3.5 to 11;

(6) the peptide has a predicted net charge of at least +4 at physiological pH;

(7)  the peptide has an isoslectric point (pl) of 8 to 13;

(8) the peptide is composed of 35% to 65% of any combination of the amino acids: A, C, G, I, L, M, F, P, W, Y, and V,
(9) the peptide is composed of 0% to 30% of any combination of the amino acids: N, Q, S, and T,

(10) the peptide is composed of 35% to 85% of any combination of the amino acids: A, L, K, or R;

(11

) the peptide is composed of 15% to 45% of any combination of the amino acids: A and L, provided there being at least
5% of L in the peptide;

(12) the peptide is composed of 20% to 45% of any combination of the amino acids: K and R;

3) the peptide is composed of 0% to 10% of any combination of the amino acids: D and E;

(14) the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R

residues in the peptide (K +R), is less than or equal to 10%; and
(15) the peptide is composed of 10% to 45% of any combination of the amino acids: Q, Y, W, P, I, S, G, V, F, E, D, C, M,
N, T and H.

2. The method of item 1, wherein the shuttle agent respects at least six, at least seven, at least eight, at least nine, at least
ten, at least eleven, or respects all of parameters (4) to (15).

3. The method of item 1 or 2, wherein:
(i)  said shuttle agent is a peptide having a minimum length of 20, 21, 22, 23, 24, 25, 26, 27, 28, 23, or 30 amino acids,
and a maximum length of 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 60, 65, 70, 80, 90, 100, 110,
120, 130, 140, or 150 amino acids;
(i said amphipathic alpha-helical motif has a hydrophobic moment () between a lower limit of 3.5, 3.6, 3.7, 3.8, 3.9,
40,41,42,43,44,45 46,47,48,49 50,51,52,563 54,55 56,5.7,58,569,6.0,6.1,6.2, 63,64 65,
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(i)

6.6,6.7,6.8,6.9, 7.0, and an upper limit of 9.5, 8.6, 9.7, 9.8, 9.9, 10.0, 10.1, 10.2, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8,
10.9, or 11.0;

said amphipathic alpha-helical motif comprises a positively-charged hydrophilic outer face comprising: (a) at least
two, three, or four adjacent positively-charged K and/or R residues upon helical wheel projection; and/or (b) a segment
of six adjacent residues comprising three to five K and/or R residues upon helical wheel projection, based on an alpha
helix having angle of rotation between consecutive amino acids of 100 degrees and/or an alpha-helix having 3.6
residues per tum;

said amphipathic alpha-helical motif comprises a hydrophobic outer face comprising: (a) at least two adjacent L
residues upon helical wheel projection; and/or (b) a segment of ten adjacent residues comprising at least five
hydrophobic residues selected from: L, I, F, V, W, and M, upon helical wheel projection, based on an alpha helix
having angle of rotation between consecutive amino acids of 100 degrees and/or an alpha-helix having 3.6 residues
per turn;

(v)  said hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/or
M amino acids representing from 12.5%, 13%, 13.5%, 14%, 14.5%, 15%, 15.5%, 16%, 16.5%, 17%, 17.5%, 18%,
18.5%, 19%, 19.5%, or 20%, to 25%, 30%, 35%, 40%, or 45% of the amino acids of the peptide;

(vi)  said peptide has a hydrophobic moment (u) between a lower limit of 4.0, 4.1, 4.2, 4.3,4.4,4.5,4.6,4.7,4.8,49, 50,
51,52,5.3,54,55,56,5.7,5859,6.0,6.1,6.2,6.3 64,65 66,6.7,6.8, 6.9, 7.0, and an upper limit of 9.5, 9.6,
9.7,9.8,99, 100,10.1,10.2, 10.3, 10.4, or 10.5;

(vii) said peptide has a predicted net charge of between +4, +5, 46, +7, +8, 49, to +10, +11, +12, +13, +14, or +15;

(viii) said peptide has a predicted pl of 10-13; or

(ix) any combination of (i) to (viii).

4, The method of any one of items 1 to 3, wherein said shuttle agent respects at least one, at least two, at least three, at least

four, at least five, at least six, or all of the following parameters:

©)

the peptide is composed of 36% to 64%, 37% to 63%, 38% to 62%, 39% t0 61%, or 40% to 60% of any combination
ofthe amino acids. A,C, G, I,L, M, F, P, W, Y, and V,

the peptide is composed of 1% to 29%, 2% to 28%, 3% to 27%, 4% to 26%, 5% to 25%, 6% to 24%, 7% to 23%, 8%
to 22%, 9% to 21%, or 10% to 20% of any combination of the amino acids: N, Q, S, and T,

the peptide is composed of 36% to 80%, 37% to 75%, 38% to 70%, 39% to 65%, or 40% to 60% of any combination
of the amino acids: A, L, K, or R;

the peptide is composed of 15% to 40%, 20% to 40%, 20 to 35%, or 20 to 30% of any combination of the amino
acids: Aand L;

the peptide is composed of 20% to 40%, 20 to 35%, or 20 to 30% of any combination of the amino acids; K and R;
the peptide is composed of 5 to 10% of any combination of the amino acids: D and E;

the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R
residues in the peptide (K +R), is less than or equal to 9%, 8%, 7%, 6%, or 5%; and

the peptide is composed of 15 to 40%, 20% to 35%, or 20% to 30% of any combination of the amino acids: Q, Y, W,
P,1,S, GV FEDGCMN,TandH.

5. The method of any one of items 1 to 4, wherein said peptide comprises a histidine-rich domain.

6. The method of item 5, wherein said histidine-rich domain is;
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()  positioned towards the N terminus and/or towards the C terminus of the peptide;

(il isastretch of at least 3, at least 4, at least 5, or at least 6 amino acids comprising at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, or at least 90% histidine residues; and/or
comprises at least 2, atleast 3, atleast 4, at least 5, atleast 6, atleast 7, at least 8, or at least 9 consecutive histidine
residues; or

(i)  both (i) and (ii).

7. The methed of any one of items 1 to 6, wherein said peptide comprises a flexible linker domain rich in serine and/or glycine
residues.
8. The method of any one of items 1 to 7, wherein said peptide comprises or consists of the amino acid sequence of: (a)

X1HX2]-[linker]-[X3]-[X4] (Formula 1); (b) [X1]-[X2]-[linker]-[X4]-[X3] (Formula 2); (c) [X2]-{X1Hlinker]-[X3]-[X4]
(Formula 3); (d) X2]{X1]-[linker]-[X4]-[X3] (Formula 4); (e) [X3]-[X4Hlinker]-[X1]-[X2] (Formula 5); (f) [X3]-{X4Hlinker]-[X2]-[X1]
(Formula 6); () [X4]-[X3Hlinker]-[X1]{X2] (Formula 7); or (h) [X4]-[X3]-[linker]-[X2]-[X1] (Formula 8), wherein: [X1] is selected
from: - 2[P]-1[+-2[P](T[+- 5 2[P1[H-2[P1-2[+- 5 AP [+-2[P1[G[+- 5 and 1[4-1[@]-1[+-2[0]-2[+]- ; [X2] is selected
from: -2[@]-1[+]-2[®]-2[]- ; -2(®)-1[]-2[®]-2[+]- ; -2[P]-1[+]-2[P]-1[+-1[]]- ; -2{P]1[H-2PI[-1[+]- ; -2[P]-2[+-1[P}-2[+]- ; -2[P]-
2[+-1P2[Q- ; -2[®)2[4-1[PH1[H-1(Q- ; and -2[P]-2[+H-1[P][T-1[+- ; [X3] is selected from; -4[+-A- ; -3[+-G-A-; -3[+H-A-A-; -
2LAH[HA; -2 [OFGA; 2APIAA- ; or 21-AARIA; 2HAGA; 2L-AAA; APF3[HA; A[P12[HGA-; -
[D]-2[+H-A-A- ; [P [H-P-[H-A ; -A[P][HA[P]-G-A; -1 [D]A[H-1P]-AA ; A[D]-1[H-AA[HA; A[DH[H-AG-A ; 1[P)-1[+-
AAA;-ANHANHA; -ANHAG-A; and -A1[+H-A-AA ; [X4] is selected from: -1[q-2A-1[+H-A ; -1[Q-2A-2[+ ; -1[+H-2A1[H-A; -
1GHAALHGAAR; AIGAIGAA L s -215HA2L ; 2LHAA A 2L A B AA L ;-2 HIGAA ;AR A
A; ABAGA2L ; ALAGAABHGAAR; AL-20G A L2020 AFRGE-A; -2 GAE; -
2CG-AE; 32041 BGAHA; BGAFHAGAA; AIG-2AEHA; AG-2A20 s 1IGAAHIGAD s -2L-ALHA
s 2[HAAH-A  AHAGAH-A  A[H-2AAH1[D-AA1[+ ; and A1[Q-A-1[Q-A1[+] ; and [linker] is selected from: -Gn- ; -Sn-; -
(GnSn)n-; -([GnSn)nGn-; -(GnSNINSn- ; -(GnNSNNGN(GNSn)n- ; and -(GnSn)nSn(GnSn)n- ; wherein: [®] is an amino acid which is;
Leu, Phe, Trp, lle, Met, Tyr, or Val; [+] is an amino acid which is: Lys or Arg; [€] is an amino acid which is: GIn, Asn, Thr, or Ser; Ais
the amino acid Ala; G is the amino acid Gly; S is the amino acid Ser; and n is an integer from 110 20, 11019, 11018, 1t0 17, 1to
16,1t015,1t014,1t013, 11012, 1t011,1t0 10,1109, 1108, 1t07, 1106, 1t0 5, 1to1to 4, or 110 3.

9, The method of any one of items 1 to 8, wherein;
(i)  said peptide is at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identical to the amino acid
sequence of any one of SEQ ID NOs: 104, 105, 107, 108, 110-131, 133-135, 138, 140, 142, 145, 148, 151, 152,
169-242, and 243-10 242; or said peptide comprises or consists of a functional variant of any one of SEQ ID NOs:
104, 105, 107, 108, 110-131, 133-135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10 242;
(il said peptide:
(@ comprises or consists of the aminc acid sequence of any one of SEQ ID NOs: 104, 105, 107, 108, 110-131,
133-135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10 242;
comprises the amino acid sequence motifs of SEQ ID NOs: 158 andior 159; or
comprises the amino acid sequence motif of SEQ ID NO: 158 operably linked to the amino acid sequence
motif of SEQ ID NO: 159; or
iy  both (i) and (ii).
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The method of any one of items 1 to 9, wherein the peptide comprises an endosome leakage domain (ELD), and/or a cell
penetrating domain (CPD).

The method of item 10, wherein:

0)

said ELD is or is from: an endosomolytic peptide; an antimicrobial peptide (AMP); a linear cationic alpha-helical
antimicrobial peptide; a Cecropin-A/Melittin hybrid (CM series) peptide; pH-dependent membrane active peptide
(PAMP); a peptide amphiphile; a peptide derived from the N terminus of the HA2 subunit of influenza hemagglutinin
(HA); CM18; Diphtheria toxin T domain (DT); GALA; PEA; INF-7; LAH4; HGP; HSWYG; HA2, EB1; VSVG;
Pseudomonas toxin; melittin KALA; JST-1; C(LLKK)sC; G(LLKK)sG; or any combination thereof;

said CPD is or is from: a cell-penetrating peptide or the protein fransduction domain from a cell-penetrating peptide;
TAT; PTD4; Penetratin (Antennapedia); pVEC; M918; Pep-1; Pep-2; Xentry; arginine stretch; transportan; SynB1;
SynB3; or any combination thereof; or(jii) both (i) and ii).

The method of item 10 or 11, wherein said peptide comprises:

(@)

(b)

©

an ELD comprising the amino acid sequence of any one of SEQ ID NOs: 1-15, 63, or 64, or a variant or fragment
thereof having endosomolytic activity;

a CPD comprising the amino acid sequence of any one of SEQ ID NOs: 16-27 or 65, or a variant or fragment thereof
having cell penetrating activity; or

both (a) and (b).

The method of any one of items 10 o 12, wherein;

(i)

said peptide comprises an ELD which is CM18, KALA, or C(LLKK)sC having the amino acid sequence of SEQ ID
NO: 1, 14, or 63, or a variant thereof having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%
identity to SEQ ID NO: 1, 14, or 63, and having endosomolytic activity;

wherein said peptide comprises a CPD which is TAT or PTD4 having the amino acid sequence of SEQ ID NO: 17
or 65, or avariant thereof having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity to SEQ
ID NO: 17 or 65 and having cell penetrating activity; or

both (i) and (ii).

The method of any one of items 1 to 9, wherein said peptide comprises the amino acid sequence of any one of SEQ ID
NOs: 57-59, 66-72, or 82-102, or a functional variant thereof having at least 85%, 90%, or 95% identity to any one of SEQ ID NOs:
57-59, 66-72, or 82-102.

The method of any one of items 1 to 14, wherein:

0)
(i)

said shuttle agent is completely metabolizable by the target eukaryotic cell; and/or

contacting the target eukaryotic cell with the polypeptide cargo in the presence of the shuttle agent at said
concentration results in an increase in the transduction efficiency of said polypeptide cargo by at least 10-fold, 20-
fold, 30-fold, 40-fold, 50-fcld, or 100-fold, as compared fo in the absence of said shuttle agent.

The method of any one of items 1 to 15, which is an jn vifro method.

A synthetic peptide shutfle agent which is the peptide as defined in any one of items 1 to 15,
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18. The synthetic peptide of item 17, which is a peptide between 20 and 100 amino acids in length comprising the amino acid
sequence of any one of SEQ ID NOs: 104, 105, 107, 108, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 133, 134, 135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10 242; or comprises
the amino acid sequence metifs of SEQ ID NOs: 158 and/for 159.

19. The synthetic peptide shuttle agent of item 17 or 18 for use in delivering a polypeptide cargo from an extracellular space to
the cytosol andfor nucleus of a target eukaryotic cell in vitro, wherein the synthetic peptide shuttle agent is used at a concentration
sufficient to increase the fransduction efficiency of said polypeptide cargo, as compared to in the absence of said synthetic peptide
shuttle agent..

20. The synthetic peptide shuttle agent of item 17 or 18 for use in delivering a polypeptide cargo from an extracellular space to
the cytosol andfor nudleus of a target eukaryotic cell in vivo, wherein the synthetic peptide shutle agent is used at a concentration
sufficient to increase the transduction efficiency of said polypeptide cargo, as compared to in the absence of said synthetic peptide
shuttle agent.

21. A composition comprising the shuttle agent as defined in any one of items 1 to 15, or a cocktail of at least 2, at least 3, at
least 4, or at least 5 different types of the shuttle agents as defined in any one of items 1 to 15, and a polypeptide cargo to be delivered
from an extracellular space to the cytosol and/or nucleus of a target eukaryotic cell.

22, Use of the shuttle agent as defined in any one of items 1 to 15, or the synthetic peptide as defined in item 18, for delivering
a polypeptide cargo from an extracellular space to the cytosol and/or nucleus of a target eukaryotic cell, wherein the shuttle agent or
synthetic peptide is used at a concentration sufficient to increase the transduction efficiency of said polypeptide cargo, as compared
to in the absence of said shuttle agent or synthetic peptide.

23, A kit for delivering a polypeptide cargo from an extracellular space to the cytosol andfor nucleus of a target eukaryotic cell,
said kit comprising the shuttle agent as defined in any one of items 1 to 15, or the synthetic peptide as defined in item 18, and a
suitable container.

24, The method of any one of items 1 to 16, the synthetic peptide shuttle agent of any one of items 17 to 20, the composition
of item 21, the use of item 22, or the kit of item 23, wherein said polypeptide cargo lacks a cell penetrating domain.

25, The method of any one of items 1 to 16, the synthetic peptide shuttle agent of any one of items 17 to 20, the composition
of item 21, the use of item 22, or the kit of item 23, wherein said polypeptide cargo comprises a cell penetrating domain.

26. The method of any one of items 1 to 16, 24 or 25, the synthetic peptide shuttle agent of any one of items 17 to 20, 24 or
25, the composition of any one of items 21, 24 or 25, the use of any one of items 22 to 25, wherein said polypeptide cargo comprises
a subcellular targeting domain.

21. The method, the synthetic peptide shuttle agent, composition, use, or kit of item 26, wherein said subcellular targeting
domain s
(@) anuclear localization signal (NLS);
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(b) anucleolar signal sequence;
(¢) amitochondrial signal sequence; or
(d) aperoxisome signal sequence.

28, The method, the synthetic peptide shuttle agent, composition, use, or kit of item 27, wherein:
(a) said NLSisfrom; E1a, T-Ag, c-myc, T-Ag, op-T-NLS, Vp3, nucleoplasmin, histone 2B, Xenopus N1, PARP, PDX-1,
QKI-5, HCDA, H2B, v-Rel, Amida, RanBP3, Phodp, LEF-1, TCF-1, BDV-P, TR2, SOX9, or Max;

(b) said nucleolar signal sequence is from BIRC5 or RECQL4;
(c) said mitochondrial signal sequence is from Tim3 cr Yeast cytochrome ¢ oxidase subunit IV; or
(d) said peroxisome signal sequence is from PTS1.
29, The method, the synthetic peptide shuttle agent, composition, use, or kit of any one of items 24 to 29, wherein said

polypeptide cargo is complexed with a DNA and/or RNA molecule.

30. The method, the synthetic peptide shuttle agent, composition, use, or kit of any one of items 24 to 29, wherein said
polypeptide cargo is a transcription factor, a nuclease, a cytokine, a hormone, a growth factor, an antibody, a peptide cargo, an
enzyme, an enzyme inhibitor, or any combination thereof.

31. The method, the synthetic peptide shuttle agent, composition, use, or kit of item 30, wherein:

(a) said transcription factor is; HOXB4, NUP98-HOXAS, Oct3/4, Sox2, Sox9, KIf4, c-Myc, MyoD, Pdx1, Ngn3, MafA,
Blimp-1, Eomes, T-bet, FOXO3A, NF-YA, SALL4, ISL1, FoxA1, Nanog, Esrrb, Lin28, HIF1-alpha, HIf, Runx1t1, Pbx1,
Lmo2, Zfp37, Prdm5, Bal-8, or any combination thereof;

(b) said nuclease is a catalytically active or catalytically dead: RNA-guided endonuclease, CRISPR endonuclease, type
| CRISPR endonuclease, type |l CRISPR endonuclease, type Il CRISPR endonuclease, type IV CRISPR
endonuclease, type V CRISPR endonuclease, type VI CRISPR endonuclease, CRISPR associated protein 9 (Cas9),
Cpf1, CasY, CasX, zincfinger nuclease (ZFNs), Transcription activator-like effector nucleases (TALENS), homing
endonuclease, meganuclease, DNA-guided nuclease, Natronobacterium gregoryi Argonaute (NgAgo), or any
combination thereof;

(¢) said antibody recognizes an intracellular antigen; and/or
(d) said peptide cargo recognizes an intracellular molecule.
32. The method, the synthetic peptide shuttle agent, composition, use, or kit of any one of items 24 to 31, for use in cell therapy,

genome editing, adoptive cell transfer, and/or regenerative medicine.
33, The method, the synthetic peptide shuttle agent, composition, uss, or kit of any one of items 24 to 32, wherein said target
eukaryotic cell is an animal cell, a mammalian cell, a human cell, a stem cell, a primary cell, an immune cell, a T cell, an NK cell, or

a dendritic cell.

3. A eukaryotic cell comprising the shuttle agent as defined in any one of items 1 to 15, the synthetic peptide shuttle agent as
defined in item 18, or the composition as defined in item 21.
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35. The eukaryotic cell of item 34, which is an animal cell, a mammalian cell, a human cell, a stem cell, a primary cell, an
immune cell, a T cell, an NK cell, or a dendritic cell.

36. A method for delivering one or more CRISPR-associated endonucleases alone or with one or more corresponding guide
RNA and/or linear DNA templates, to a target eukaryotic cell, said method comprising contacting the target eukaryotic cell with the
endonuclease in the presence of a shuttle agent at a concentration sufficient to increase the transduction efficiency of said
endonuclease, as compared fo in the absence of said shuttle agent, wherein said shuttle agent is as defined in any one of items 1
to 15.

37. The method of item 36, which is an fn vifro method, or an in vivo method.

38, The methed of item 36 or 37, wherein said one or more endonuclease is: a type | CRISPR endonuclease, a type Il CRISPR
endonuclease, a type Ill CRISPR endonuclease, a type IV CRISPR endonuclease, a type V CRISPR endonucleasg, a type VI
CRISPR endonucleass, or any combination thereof.

39. The method of item 36 or 37, wherein said one or more endonuclease is CRISPR associated protein 9 (Cas9), Cpf1, CasX,
CasY, or any combination thereof; or a catalytically dead CRISPR associated protein 9 (dCas9), dCpf1, dCasX, dCasY, or any
combination thereof.

40, The method of any one of items 36 to 39, wherein said target eukaryotic cell is an animal cell, a mammalian cell, a human
cell, a stem cell, a primary cell, animmune cell, a T cell, an NK cell, or a dendritic cell.

41, The method of item 58, wherein said one or more corresponding guide RNA and/or linear DNA template targets one or
more genes to reduce the immunogenicity, improve cytotoxicity, andfor otherwise improve the effectiveness of the target eukaryotic
cell for cell-based therapy, as compared to a corresponding parent eukaryotic cell that has not been subjected to said method.

42, The method of item 41, wherein said cell-based therapy is cell-based cancer immunotherapy.

43, The method of any one of items 40 to 42, wherein said one or more corresponding guide RNA and/or linear DNA template
targets the CBLB gene, ¢c-CBL gene, GSK3 gene, ILT2 gene, CISH gene, NKGZa gene, B2M gene, or any combination thereof,

44, A method for producing a synthetic peptide shuttle agent that delivers a polypeptide cargo from an extracellular space to
the cytosol and/or nucleus of a target eukaryotic cell, said method comprising synthesizing a peptide which is;

(1) apeptide at least 20 amino acids in length comprising

(2) an amphipathic alpha-helical motif having a positively-charged hydrophilic outer face, and

(3) ahydrophobic outer face,
wherein at least five of the following parameters (4) to (15) are respected:

(4)  the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/cr
M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation
of the alpha-helix having 3.6 residues per turn;
the peptide has a hydrophobic moment (u) of 3.5 o 11;
the peptide has a predicted net charge of at least +4 at physiological pH;
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) the peptide has an isoslectric point (pl) of 8 to 13;

) the peptide is composed of 35% to 65% of any combination of the amino acids: A, C, G, I, L, M, F, P, W, Y, and V,

) the peptide is composed of 0% to 30% of any combination of the amino acids: N, Q, S, and T,

0) the peptide is composed of 35% to 85% of any combination of the amino acids: A, L, K, or R;

1) the peptide is composed of 15% to 45% of any combination of the amino acids: A and L, provided there being at least

5% of L in the peptide;

the peptide is composed of 20% to 45% of any combination of the amino acids; K and R;

the peptide is composed of 0% to 10% of any combination of the amino acids: D and E;

(14) the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R
residues in the peptide (K +R), is less than or equal to 10%; and

(15) the peptide is composed of 10% to 45% of any combination of the amino acids: Q, Y, W, P, I, S, G, V, F, E, D, C, M,

—_

—_—
wW N
= =

N, T,and H.
45, The method of item 44, wherein the peptide is as defined in any one of items 2 to 15.
46, A method for identifying a shuttle agent that delivers a polypeptide cargo from an extracellular space to the cytosol and/or

nucleus of a target eukaryotic cell, said method comprising:
(@) synthesizing a peptide which is the peptide as defined in any one items 1 to 15 or 18;
(b)  contacting the target eukaryotic cell with the polypeptide cargo in the presence of said peptide;
(¢) measuring the transduction efficiency of the polypeptide cargo in the target eukaryotic cell; and
(d) identifying the peptide as being a shuttle agent that transduces the polypeptide cargo, when an increase in the
transduction efficiency of said polypeptide cargo in the target eukaryotic cell is observed.

47, The method of item 46, wherein said polypeplide cargo is as defined in any one of items 24 to 31.

48, A genome editing system comprising:
(@) the shuttle agent as defined in any one items 1 to 15 or 18;
(b)  one or more CRISPR-associated endonucleases; and
(c) oneormore guide RNAs.

49, The genome editing system of item 48, further comprising a linear DNA template for controlling the genome editing.

50. The genome editing system of item 48 or 49, wherein said one or more CRISPR-associated endonucleasss is; a type |
CRISPR endonuclease, atype Il CRISPR endonuclease, a type Ill CRISPR endonuclease, a type IV CRISPR endonuclease, a type
V CRISPR endonuclease, a type VI CRISPR endonuclease, CRISPR associated protein 9 (Cas9), Cpf1, CasX, CasY, or any
combination thereof.

51. A method for enriching eukaryotic cells transduced with a polypeptide cargo of interest, said method comprising;
(@) co-transducing a target eukaryotic cell population with a polypeptide cargo of interest and a marker protein; and
(b) isolating or concentrating eukaryotic cells transduced with the marker protein, thereby enriching eukaryotic cells
transduced with the polypeptide cargo of interest.
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52, The method of item 51, wherein:

(i)  the marker protein is not covalently bound to the polypeptide cargo of interest, the marker protein is covalently bound
to the polypeptide cargo of interest, the marker protein is non-covalently bound to the polypeptide cargo of interest,
or the marker protein is covalently bound to the polypeptide cargo of interest via a cleavable linker; and/or

(i the marker protein comprises a detectable label, or the marker protein is a fluorescent protein, a fluorescently-labeled
protein, a bicluminescent protein, an isotopicallylabelled protein, or a magnetically-labeled protein.

53, The method of item 51 or 52, wherein the intracellular concentration of the transduced marker protein is positively correlated
with the intracellular concentration of the fransduced polypeptide cargo of interest.

54, The method of any one of items 51 to 53, wherein the eukaryotic cells transduced with the marker protein are isolated or
concentrated using flow cytometry, flucrescence-activated cell sorting (FACS), or magnetic-activated cell sorting (MACS).

55. The method of any one of items 51 to 54, wherein the eukaryotic cells transduced with the marker protein are isolated or
sorted from cells lacking the marker protein, thereby producing a marker protein-positive cell population and/or a marker protein-
negative cell population.

56. The method of item 55, further comprising repeating steps (a) and (b), one or more times, on the marker protein-negative
cell population, on the marker protein-positive cell population, or on both the marker protein-negative and the marker protein-positive
cell populations.

57. The method of any one of items 51 to 56, wherein the eukaryotic cells transduced with the marker protein are isolated or
sorted based on their intracellular concentration of the marker protein.

58, The method of any one of items 51 to 57, wherein the marker protein is a protein that stimulates cell proliferation, a protein
that stimulates cell differentiation, a protein that promotes cell survival, an anti-apoptotic protein, or a protein having another biological
activity.

59. The method of any one of items 51 to 58, wherein the polypeptide cargo of interest and the marker protein are co-
transduced by contacting the target eukaryotic cell with the polypeptide cargo and the marker protein in the presence of a peptide
transduction agent, wherein the peptide transduction agent is present at a concentration sufficient to increase the transduction
efficiency of the polypeptide cargo and the marker protein, as compared to in the absence of said peptide transduction agent.

60. The method of item 59, wherein:

(a) the peptide transduction agent is an endosomolytic peptide;

(b) the peptide transduction agent is or comprises the synthetic peptide shuttle agent as defined in item 17 or 18;

(c) the target eukaryotic cells comprise animal cells, mammalian cells, human cells, stem cells, primary cells, immune
cells, T cells, NK cells, or dendritic cells;

(d) the polypeptide cargo of interest is: (i) the polypeptide cargo as defined in any one of items 24 to 31; and/or (i) one
or more CRISPR-associated endonucleases alone or with one or more corresponding guide RNA andfor linear DNA
templates as defined in any one of items 38 to 43; or

(e) any combination of (a) fo (d).
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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
drawings.

EXAMPLES
Example 1:
Materials and Methods
11 Materials

All chemicals were purchased from Sigma-Aldrich (St. Louis, MO, USA or Oakville, ON, Canada) or equivalent grade from
BioShop Canada Inc. (Mississauga, ON, Canada) or VWR (Ville Mont-Royal, QC, Canada), unless otherwise noted.

1.2 Reagents
Table 1.1: Reagents
Material Company City, Province-State, Country
RPMI 1640 media Sigma-Aldrich Oakville, ON, Canada
DMEM Sigma-Aldrich Qakville, ON, Canada
Alpha MEM Stem Cell Technology Qakville, ON, Canada
Fetal bovine serum (FBS) NorthBio Toronto, ON, Canada
Horse serum Invitrogen Burlington, ON, Canada
L-glutamine-Penicillin-Streptomycin Sigma-Aldrich QOakville, ON, Canada
Trypsin-EDTA solution Sigma-Aldrich QOakville, ON, Canada
Inositol Sigma-Aldrich Oakville, ON, Canada
Folic acid Sigma-Aldrich Qakville, ON, Canada
pEGFP-C1 CLONTECH Laboratories Palo Alto, CA, USA
FITC-Antibody a-tubulin Abcam ab64503 Cambridge, MA, USA
ITS Invitrogen/41400-045 Burlington, ON, Canada
FGF2 Feldan Bio/1D-07-017 Quebec, QC, Canada
Dexamethasone Sigma-Aldrich/D8893 Oakville, ON, Canada
Bovine serum albumin (BSA) Sigma-Aldrich/A-1933 Qakville, ON, Canada
MB1 media GE Healthcare HyClone Logan, Utah, USA
Calcein Sigma-Aldrich/ C0875 QOakville, ON, Canada
HisTrap™ FF column GE Headlthcare Baie d'Urfe, QC, Canada
Q Sepharose™ GE Healthcare Baie d'Urfe, QC, Canada
SP Sepharose™ GE Healthcare Baie d'Urfe, QC, Canada
Amicon Ultra centrifugal filters EMD Millipore Etobicoke, ON Canada
Label IT® Cy®5 kit Mirus Bio LLC Madison, WI, USA
Calf serum NorthBio Toronto, ON, Canada
beta-mercaptoethanol Sigma-Aldrich or Giboo- Oakville, ON, Canada
ThermoFisher
IL-2 Feldan Bio/ rhiL-2 Research Quebec, QC, Canada
Resazurin sodium salt Sigma-Aldrich/R7017-1G Qakville, ON, Canada
Anti-HOXB4 monoclonal antibody Novus Bio #\NBP2-37257 QOakville, ON, Canada
Alexa™-594 Anti-Mouse Abcam #150116 Toronto, ON, Canada
Fluoroshield™ with DAPI Sigma #F6057 QOakville, ON, Canada
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GFP Monoclonal antibody Feldan Bio #A017 Quebec, QC, Canada
Phusion™ High-Fidelity DNA polymerase (NEB #M0530S) Whitby, ON, Canada
o - —
AIERTY Synfhetlc CIRNAPosItNe  Dharmacon #U007000.05) Ottawa, ON, Canada
T7 Endonuclease | (NEB, Cat #M0302S) Whitby, ON, Canada
FastFect™ transfection reagent (Feldan Bio # 9K-010-0001) Quebec, QC, Canada
Goat Anti-Mouse '2?8;"&" (Alexa Fluor® Abcam ab150113 Toronto, ON, Canada
Goat Anti-Rabbit IgG H&L
(Alexa Fluor® 504) Abcam ab150080 Toronto, ON, Canada
Opti-MEM™ Sigma-Aldrich Qakville, ON, Canada
Anti-NUP98 Abcam #ab50610 Toronto, ON, Canada
PARP (Cleaved) [21‘(‘}4215] Human ELISA 1 moFisher #KHOO741 Burlington, ON, Canada
Purified Rabbit Anti- Active Caspase-3 BD Biosciences #559565 Mississauga, ON, Canada
Active Caspace-3 antibody Cedarlane #AF835 Burlington, ON, Canada
TNF-alpha Antibody BioVision Inc #3054-100 Milpitas, CA, USA
APC Mouse Anti-Human HLA-ABC BD Biosciences #555555 Mississauga, ON, Canada
Anti-CD3 Biolegend#cat: 300438 San Diego, CA, USA
Anti-CD28 Thermoﬁsherg#éoat: 16-0269- Burlington, ON, Canada

1.3 Cell lines

Hela, HEK293A, HEK293T, THP-1, CHO, NIH3T3, CA46, Balb3T3, HT2, KMS-12, DOHH2, REC-1, HCC-78, NCI-H196
and HT2 cells were obtained from American Type Culture Collection (Manassas, VA, USA) and cultured following the manufacturer's
5  insfructions. Myoblasts are primary human cells kindly provided by Professor J.P. Tremblay (Université Laval, Quebec, Canada).

Table 1.2: Cell lines and culture conditions

Celllines Description ATCClothers Culture media Serum Additives
Hela Human cervical L-gl_ut_a_rmne 2 mM
(adherent . ATCC™ CCL-2 DMEM 10% FBS Penicillin 100 units
carcinoma cells .
cells) Streptomycin 100ug/mL
HEK 293A Human embryonic L-glutaming 2 mM
(adherent Epithelial kidney ATCC™ CRL-1573 DMEM 10% FBS Penicillin 100 units
cells) cells Streptomycin 100ug/mL
HEK 293T Human embryonic L-glutaming 2 mM
(adherent Epithelial kidney ATCC™ CRL-3216 DMEM 10% FBS Penicillin 100 units
cells) cells Streptomycin 100ug/mL
THP-1 B - mercaptoethanol 0.05 mM
(suspension AC”lte monaylc | ATCOM TiB202 RPMI640 | 1096 FBS FL,'Q'.L‘F";}W'?SOQ m.“t"
cells) leukemia enicilin 100 units
Streptomycin 100ug/mL
Myoblasts . . ITS 1x, FGF 2 10 ng/mL,
. Kindly provided by
(primary Human (13 months) Professor JP MBA 15% FBS Dexamethasone 0.39ug/mL,
adherent myoblasts Trembla BSA 0.5mg/mL,
cells) Y MB1 85%
CHO Chinese hamster L-glutamine 2 mM
(adherent ovary cells ATCC™ CCL-61 DMEM 10% FBS Penicillin 100 units
cells) "y Streptomycin 100 pg/mL
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NIH3T3 10% Caff L-glutamine 2 mM
(adherent Fibroblasts ATCC™ CRL-1658 DMEM ’ Penicillin 100 units
serum .
cells) Streptomycin 100 pg/mL
200 IU/mL IL-2
HT2 B-mercaptoethancl 0.05 mM
(suspension T lymphocytes ATCC™ CRL-1841 RPMI 1640 10% FBS L-glutaming 2 mM
cells) Penicillin 100 units
Streptomycin 100 pg/mL
CAd6 . L-glutaming 2 mM
(suspension Bu';(‘;trps"lsfnp'ﬁgfn o | ATcCmCRL-t648 | RPMI 1640 20% FBS Penicillin 100 units
cells) ymp Streptomycin 100 pg/mL
Balb3T3 10% Caff L-glutamine 2 mM
(adherent Fibroblasts ATCC™ CCL-163 DMEM Penicillin 100 units
serum .
cells) Streptomycin 100 pg/mL
Jurkat L-glutaming 2 mM
(suspension Human T cells ATCC™ TIB-152 RPMI 1640 10% FBS Penicillin 100 units
cells) Streptomycin 100 pg/mL
DOHH2 Human B cell Gift from o L-glutamine 2 mi
(suspension Wmohoma Horizon Inc RPMI 1640 10% FBS Penicillin 100 units
cells) ymp ) Streptomycin 100 pg/mL
KMS-12 ! L-glutamine 2 mM
(suspension | yelomabone Giftfrom Advanced 10%FBS Penicillin 100 units
marrow Horizon Inc. RPMI 1640 .
cells) Streptomycin 100 pg/mL
REC-1 . L-glutaming 2 mM
(suspension | uman ymph node Giftfrom RPMI1640 | 10%FBS Penicilin 100 units
mantel cell Horizon Inc. .
cells) Streptomycin 100 pg/mL
HCC-78 Human Gift from L-glutamine 2 mM
(adherent adenocarcinoma . RPMI 1640 20%FBS Penicillin 100 units
Horizon Inc. .
cells) lung cell Streptomycin 100 pg/mL
NCI-H196 Human small cell Gift from L-glutamine 2 mM
(adherent . Horizon Inc RPMI 1640 10% FBS Penicillin 100 units
cells) g ' Streptomycin 100 pg/mL
(sus:eﬁsion Human normal All cells™ Li}?&:#;:: éLr-r?I\/I
Peripheral Blood RPMI 1640 10% FBS S .
cells) CDS6+ lymphocyte #PB012-PF Penicillin 100 units
ymp Streptomycin 100 pg/mL
L-glutamine 200 nM
NK-92 Human normal 125% FBS L2 25000 U/mL
(suspension Peripheral Blood Gift from CETC Alpha MEM 12.5% Horse Inositol 1M
cells) CD56+ lymphocyte serum Folic acid 100 nM
B-ME 55mM
roste | o mana
(suspension Peripheral Blood Healthy blood donor dvanced 10% FBS Penicillin 100 unit
cells) CD3+ lymphocyte advance enicilin 100 units
Streptomycin 100 ug/ml

FBS: Fetal bovine serum

14 Protein purification

Fusion proteins were expressed in bacteria (E. colil BL21DE3) under standard conditions using an isopropyl B-D-1-
thiogalactopyranoside (IPTG) inducible vector containing a T5 promoter. Culture media contained 24 g yeast extract, 12 g tryptone,
4 mL glycerol, 2.3 g KHoPO., and 12.5 g KoHPQ4 per liter. Bacterial broth was incubated at 37°C under agitation with appropriate
antibiotic (e.g., ampicillin). Expression was induced at optical density (600 nm) between 0.5 and 0.6 with a final concentration of 1
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mM IPTG for 3 hours at 30°C. Bacteria were recuperated following centrifugation at 5000 RPM and bacterial pellets were stored at
-20°C.

Bacterial pellets were resuspended in Tris buffer (Tris 25 mM pH 7.5, NaCl 100mM, imidazole 5 mM) with
phenylmethylsulfonyl fluoride (PMSF) 1 mM, and lysed by passing 3 times through the homogenizer Panda 2K™ at 1000 bar. The
solution was centrifuged at 15000 RPM, 4°C for 30 minutes. Supernatants were collected and filtered with a 0.22 M filtration device.

Solubilized proteins were loaded, using a FPLC (AKTA Explorer 100R), on HisTrap™ FF column previously equilibrated
with & column volumes (CV) of Tris buffer. The column was washed with 30 column volumes (CV) of Tris buffer supplemented with
0.1% Triton™ X-114 followed with 30 CV of Tris buffer with imidazole 40 mM. Proteins were eluted with 5 CV of Tris buffer with 350
mM Imidazole and collected. Collected fractions corresponding to specific proteins were determined by standard denaturing SDS-
PAGE.

Purified proteins were diluted in Tris 20 mM at the desired pH according to the protein’s pl and loaded on an appropriate
ion exchange column (Q Sepharose™ or SP Sepharose™) previously equilibrated with 5 CV of Tris 20 mM, NaCl 30 mM. The
column was washed with 10 CV of Tris 20 mM, NaCl 30 mM and proteins were eluted with a NaCl gradient until 1 M on 15 CV.
Collected fractions corresponding to specific proteins were determined by standard denaturing SDS-PAGE. Purified proteins were
then washed and concentrated in PBS 1X on Amicon Ulfra™ centrifugal filters 10,000 MWCO. Protein concentration was evaluated
using a standard Bradford assay.

15 Synthetic peptides and shuttle agents
All peptides used in this study were purchased from GLBiochem (Shanghai, China) and their purities were confirmed by
high-performance liquid chromatography analysis and mass spectroscopy. In some cases, peptides were synthesized to contain a
C-terminal cysteine residue to allow the preparation of peptide dimers. These dimeric peptides were directly synthetized with a
disulfide bridge between the C-terminal cysteines of two monomers. The amino acid sequences and characteristics of each of the
synthetic peptides and shuttle agents tested in the present examples are summarized in Table 1.3, Table B1, and Table C1.
Table 1.3: Synthetic peptides and shuttle agents

Amino acid (a.a.) sequence Hydro-
[SEQ ID NO; not including C-terminal Cys, a. Charge pathicity
unless indicated with an *] index

Peptide or Shuttle
agent

Domain(s)

cil18 KWKLFKKIGAVLKVLTTG [1]
. CILLKK):C CLLKKLLKKLLKKC [63] 14 | 169 | 1005 | 6r/0_| 0314
3 LA RKALLALALHHLAHLALHLALALKKALS | 26 | 276 | 1046 | 4+/0-_| 0923

KALA WEAKLAKALAKAL’??HLAKALAKALKACEA 2 | 313 [ 99 | 72 | o2
- TAT< YGRKKRRQRRRC [17] 12| 166 | 1201 | 8+/0- | 312
& Penetratin-cys RQIKIWFQNRRMKWKKC [18] 17 | 235 | 1175 | /0 | _14e

PTD4 YARAAARQARA [65] | 2 | 72 | 30 | 06®
,
28 His-PTDA HHHHHHYARAAARQARA [81] 7 | 208 | 1171 | a0 | as
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Domain(s)

Peptide or Shuttle

agent

Amino acid (a.a.) sequence
[SEQ ID NO; not including C-terminal Cys,
unless indicated with an *]

PCT/CA2017/051205

Charge

Hydro-
pathicity
index

TAT.CMI8 YGRKKRRQRRRCK\[Q’QLFKK'GAVLKVLTTG 20 | 368 | 1202 | 13es0- | 104
VGRKKRRORRRCWEAKLAK ALAKALAKHL
TATKALA ACUAKALKAGEA 67 2 | 457 | 146 | 1502 | 0768
Y ARARAR QARAWEAK LAKALAKALAKHLAK
PTD4-KALA s | 43 | 1046 | 1002 | o002
q ALAKALKACEA[82] *
o RRRRRRRRRVVEAKLAKALAKALAKHLAKAL
g 9Arg-KALA AKAKACEA 85 29 | a5 | 1211 | 1eer2 | 082
KETWWETVIWTEWSQPKKKRKVWEAKLAK
Pep1-KALA AL AL AR A AL AKALKACEA T 51| s62 | 1001 | 13es5 | 0673
Xenty-KALA LCLRPVGWEAKLLQK@ELQ%AKHLAKALAKA 37 | 387 | 9w | ses2 | omsm
SyNB3-KALA RRLSYSRRW&’E?&@EQL[’;&ALAKHLAKA 20 | 45t | 112 | 12w | 0258
CM1BTAT-Cys KWKLFKK'GAVLKVL[;T]GYGRKKRRQRRRC 2 | 367 | 1202 | 13er0- | 104
CM18 Penetratin-Cys KWKLFKK'GAVL@{(LJCT%F;]Q'K'WFQNRRMK 3 | 43 | 136 | 12070 | o058
KWKLFKKIGAVLKVLTTGYGRKKRRQRRRC
dCMIB-TAT-Cys [57]
(CM18-TAT<ys cimer) | KWKLFKKIGAVLKVLTTGYGRKKRRQRRRG | 00 [ 734 | 1216 | 26+/0- 1 104
[57]
SOMT5 PonctatinCys KWKLFKKlGAVL{;V\éLJCTc[;F;]QM|\NFQNRR|\/|K
(CM18'Z?£ZSE‘""'CVS KWKLFKKIGAVLKVLTTGRQKIWFQNRRMK | 70 | 872 | 1205 | 24+/0- 04
YKKC [58]
KFTIVEPHNQKGNWKNVPSNYHYCPYARAA
(=] | - .
g VSVG-PTD4 AROARA T8 % | 42 | 103 | 60 089
3 EB1-PTD4 L'RLWSHL'H'WFQA'LF;R[;*;}’VKKKYARAAARQ u | a2 | 1231 | 1000 | 064
JST-PTD4 GLFEALLELLESLWE['é;]LEAYARAAARQARA 3t | 349 | 465 | ses3 | o043
CM18-PTD4 KWKLFKK'GAVLK\{;&T CYARMARQARA |9 | 3917 | 1176 | 8+s0- | 0041
60ys-CM18-PTD4 CCCCCCKV\’KLESXSQ\[’;EVLTTGYA WAL 35 | 3835 | 97 | ser0- | 0204
CM18-L1-PTDA KWKLFKK'GAVLK\FQAT[L%GGSYA WAROA | 39 | 342 | 1176 | 8es0- | 0087
KWKLFKKIGAVLKVLT TGGGSGGGSYARAA
CM18-L2-PTD4 AROARA 99 % | 368 | 176 | ses0- | 013
CM18-L3-PTDA KWKLFKKQ@%;@%?\S[&?GSGGGS s | 399 | 1176 | 8es0 0476
MetHis-CM18-TAT.Cys MHHHHHHK%&SEQS@&Q’LTTGYGRKK 37 | a3 | 1202 | 13es00 | a3
His-CM18-TAT HHHHHHKWKL;%KF'{(;Q{;?]V LITGYGRKKR [ a5 | 44 | 1231 | 13es0- | 1208
a HscMigprpy | HAARARKWKLEKKIGAVLKVLTIGYARAAA | o5 | 4029 | 1176 | s+s0- | 0583
8 RQARA|[68]
= E— HHHHHHKVWKLFKKIGAVLKVLTTGYARBAA | 41 | 4659 | 97 | 8+/0- | 0132
2 | rsoutspTDee0ys AOARACGO00G 1967
)
T His-CMH18-9Arg HHHHHHKWLFK&%%’*[&KVLTTGRRRRRR 2 | 426 | 1201 | 140 | 1608
His-CM18 Transportan HHHH%W&WQEWK?%WNS 50 | 562 | 106 | ess0- | 0092
His- -PTD4 HHHHHHK@AL\%RHS/&Q:%HLAWKK B | 478 | 17 | 7e00- 063

51




10

15

20

WO 2018/068135 PCT/CA2017/051205

Amino acid (a.a.) sequence Hydro-
[SEQ ID NO; not including C-terminal Cys, a. Charge pathicity
unless indicated with an *] index

Peptide or Shuttle
agent

)
£
]
£
S
[=]

His-C(LLKK)sC-PTD4 A72] 31 356 "2 9+/0- 0.827
3His-CM18-PTD4 HHHKWKLFKKIGAQ/A'TQ\;I]'TTGYA ROA 32 363 11.76 8+/0- 0.338
. HHHHHHHHHHHHKWKLFKKIGAVLKVLTTG
12His-CM18-PTD4 YARAAARQARA [9] 4 486 11.76 8+/0- -0.966
HHHAHHHKWKLFKKIGAVLKYLTTGYARAA
HA-CM18-PTD4 ARQARA [99] 36 411 11.76 8+/0- 0.517
HAHHAHHAHKWKLFKKIGAVLKVLTTGYAR
3HA-CM18-PTD4 AAARQARA [100] 38 425 11.76 8+/0- 0.395
o
&
b N KWKLFKKIGAVLKVLTTGHHHHHHYARAAA ) )
E CM18-His-PTD4 RQARA [101] 35 404 11.76 8+/0 0.583
-
m
0
&
[an
S . . HHHHHHKWKLFKKIGAYLKVLTTGYARAAA
= His-CM18-PTD4-His RQARAHHHHHH [102] 4 486 11.76 8+/0- -0.966
r
T

Results computed using the ProtParam™ online tool available from ExPASy™ Bioinformatics Resource Portal
(http:/iweb.expasy.orglprotparamy)

MW: Molecular weight

pl: Isoelectric point

Charge: Total number of positively (+) and negatively (-) charged residues

Example 2:
Peptide shuttle agents facilitate escape of endosomally-trapped calcein

21 Endosome escape assays

Microscopy-based and flow cytometry-based fluorescence assays were developed to study endosome leakage and to
determine whether the addition of the shuttle agents facilitates endosome leakage of the polypeptide cargo. These methods are
described in Example 2 of PCT/CA2016/050403.

21.1  Endosomal leakage visualization by microscopy
Calcein is a membrane-impermeable fluorescent molecule that is readily intemalized by cells when administered to the

extracellular medium. Its fluorescence is pH-dependent and calcein self-quenches at higher concentrations. Once internalized,
calcein becomes sequestered at high concentrations in cell endosomes and can be visualized by fluorescence microscopy as a
punctate pattern. Following endosomal leakage, calcein is released to the cell cytoplasm and this release can be visualized by
fluorescence microscopy as a diffuse pattern.

One day before the calcein assay was performed, cells in exponential growth phase were harvested and plated in a 24-
well plate (80,000 cells per well). The cells were allowed to attach by incubating overnight in appropriate growth media, as described
in Example 1. The next day, the media was removed and replaced with 300 L of fresh media without FBS containing 62.5 pg/mL
(100 uM) of celcein, except for HEK293A (250 pg/mL, 400 uM). At the same time, the shuttle agent(s) to be tested was added at a
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predetermined concentration. The plate was incubated at 37°C for 30 minutes. The cells were washed with 1x PBS (37°C) and fresh
media containing FBS was added. The plate was incubated at 37°C for 2.5 hours. The cells were washed three times and were
visualized by phase contrast and fluorescence microscopy (IX81™, Olympus).

A typical result is shown in Figure 1A, in which untreated HEK293A cells loaded with calcein (“100 uM calcein”) show a
low intensity, punctate fluorescent pattern when visualized by fluorescence microscopy (upper left panel). In contrast, HelLa cells
treated with a shuttle agent that facilitates endosomal escape of calcein (“100 uM calcein + CM18-TAT 5 uM") show a higher
intensity, more diffuse fluorescence pattern in a greater proportion of cells (upper right panel).

2.1.2  Endosomal leakage quantification by flow cyfometry

In addition to microscopy, flow cytometry allows a more quantitative analysis of the endosomal leakage as the fluorescence
intensity signal increases once the calcein is released in the cytoplasm. Calcein fluorescence is optimal at physiological pH (e.g., in
the cytosol), as compared to the acidic environment of the endosome.

One day before the calcein assay was performed, cells in exponential growth phase were harvested and plated in a 96-
well plate (20,000 cells per well). The cells were allowed to attach by incubating overnight in appropriate growth media, as described
in Example 1. The next day, the media in wells was removed and replaced with 50 pL of fresh media without serum containing 62.5
pg/mL (100 pM) of calcein, except for HEK293A (250 g/mL, 400 pM). At the same time, the shutile agent(s) to be tested was
added at a predetermined concentration. The plate was incubated at 37°C for 30 minutes. The cells were washed with 1x PBS
(37°C) and fresh media containing 5-10% serum was added. The plate was incubated at 37°C for 2.5 hours. The cells were washed
with 1x PBS and detached using trypsinization. Trypsinization was stopped by addition of appropriate growth media, and calcein
fluorescence was quantified using flow cytometry (Accuri C6, Becton, Dickinson and Company (BD)).

Untreated calcein-loaded cells were used as a control to distinguish cells having a baseline of fluorescence due to
endosomally-trapped calcein from cells having increased fluorescence due to release of calcein from endosomes. Fluorescence
signal means ("mean counts”) were analyzed for endosomal escape quantification. In some cases, the “Mean Factor” was calculated,
which corresponds to the fold-increase of the mean counts relative to control (untreated calcein-loaded cells). Also, the events
scanned by flow cytometry corresponding to cells (size and granularity) were analyzed. The cellular mortality was monitored with the
percentage of cells in the total events scanned. When it became lower than the control, it was considered that the number of cellular
debris was increasing due fo toxicity and the assay was discarded.

A typical result is shown in Figure 1B, in which an increase in fluorescence intensity (right-shift) is observed for calcein-
loaded Hela cells treated with a shuttle agent that facilitates endosomal escape (“Calcein 100 uM +CM18-TAT 5 uM’, right panel),
as compared to untreated calcein-loaded Hel a cells (“Calcein 100 uM”, left panel). The increase in calcein fluorescence is caused
by the increase in pH associated with the release of calcein from the endosome (acidic) to the cytoplasm (physiological).

2.2 Results from endosome escape assays
221  Helacels

Hela cells were cultured and tested in the endosomal escape assays as described in Example 2.1. The results of flow
cytometry analyses are summarized below. In each case, the flow cytometry results were also confirmed by fluorescence microscopy
(data not shown).

Table 2.1: CM18-Penetratin-Cys v. Controls in Hela cells

Concentration Mean
Domains Peptide Cells Counts (+ St.

(M) Dev.; n=3)
No peptide Hela 0 55359 + 6844 1.0
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ELD cM18 Hela 5 46564 = 9618 08
0 TAT-Cys Hela 5 74961 £ 9337 13
Penetratin-Cys Hela 5 59551 £+ 7119 1.1
CM18+TAT-Cys | Hela 5+5 54333 £ 6198 12

ELD +CPD —
* CI18 + g;:et’at‘“ Hela 545 40976 + 8167 07
ELD-CPD CM18":§“:““"' Hela 5 262 066 + 28 145 47

Table 2.2;: CM18-TAT-Cys v. Control in HelLa cells

Concentration Mean
Domains Peptide Cells counts
() )
- No peptide Hela 0 53369 4192 1.0
ELD-CPD CM18-TAT-Cys HelLa 5 306 572 46 564 5.7

The results in Tables 2.1 and 2.2 show that treating calcein-loaded Hela cells with the shuttle agents CM18-Penetratin-

5  Cysand CM18-TAT-Cys (having the domain structure ELD-CPD) results in increased mean cellular calcein fluorescence intensity,

as compared to untreated confrol cells or cells treated with single-domain peptides used alone (CM18, TAT-Cys, Penefratin-Cys) or

together (CM18 + TAT-Cys, CM18 +Penetratin-Cys). These results suggest that CM18-Penetratin-Cys and CM18-TAT-Cys facilitate
escape of endosomally-trapped calcein, but that single domain peptides (used alone or together) do not.

10 Table 2.3: Dose response of CM18-TAT-Cys in HelLa cells, data from Figure 2

Mean

Concentration

Domains Cells counts Stand. dev. Mean Factor
(M) )

: (,,Ca”l‘c‘;if]efg‘odsm,,) HeLa 0 63872 11587 10
CM18-TAT-Cys Hela 1 86919 39165 14
CM18-TAT-Cys Hela 2 137 887 13119 22
ELD-CPD CM18-TAT-Cys Hela 3 174 327 11519 27
CM18-TAT-Cys Hela 4 290 548 16 593 45
CM18-TAT-Cys Hela 5 383685 5578 6.0

Table 2.4: Dose response of CM18-TAT-Cysin HelLa cells

. Concentration Mean
Domains ells counts Stand. dev. Mean Factor
() (=)
- No peptide HelLa 0 81013 14213 1.0
CM18-TAT-Cys HelLa 3 170652 63 848 21
ELD-CPD CM18-TAT-Cys Hela 4 251799 33880 31
CM18-TAT-Cys Hela 5 335324 10 651 41
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Table 2.5: Dose response of CM18-TAT-Cys and CM18-Penetratin-Cys in HeLa cells, data from Figure 3

Concentration Mean
Domains Cells counts Stand. dev. Mean Factor
(M) 3
- No peptide Hela 0 62 503 23752 1.0
CM18-TAT-Cys Hela 5 187 180 8593 3.0
CM18-TAT-Cys Hela 8 321873 36512 51
ELD-CPD | CM 8"3“:““ ™ | Hela 5 134 506 2992 22
Mt 8";3';‘*“" ™ | Hela 8 174233 56922 28

The results in Tables 2.3 (Figure 2), 2.4, and 2.5 (Figure 3) suggest that CM18-TAT-Cys and CM18-Penetratin-Cys
facilitate escape of endosomally-trapped calcein in Hela cells in a dose-dependent manner. In some cases, concentrations of CM18-
5  TAT-Cys or CM18-Penefratin-Cys above 10 juM were associated with an increase in cell toxicity in HelLa cells,

Table 2.6: Dimers v. monomers of CM18-TAT-Cys and CM18-Penetratin-Cys in HelLa cells

Concentration

Mean counts

Stand.

Domains Peptide Cells (M) (n=4) dev. Mean Factor

- No peptide Hela 0 60 239 9860 1.0

CM18-TAT-Cys Hela 4 128 461 25742 241

ELD-CPD CM18-Penetratin- Hela 4 116 873 3543 19
Cys

ELD.CPD dCM18—¥AT-Cys Hela 2 79 380 4297 1.3

dimer dCM1 8-cF:’enetratin- Hela 2 128 363 8754 21
Vs

Table 2.7: Monomers v. dimers of CM18-TAT-Cys and CM18-Penetratin-Cys in HelLa cells

Domains Peptide Cells Concentration  Mean (_:ounts Stand. Mean Factor
(M) (n=3) dev.
- No peptide Hela 0 55834 1336 1.0
ELD-CPD CM18-TAT-Cys Hela 4 159 042 16 867 28
EL d?;nc;fD dCM18-TAT-Cys Hela 2 174 274 9553 31
10
The results in Table 2.6 and 2.7 suggest that shuttle peptide dimers (which are molecules comprising more than one ELD
and CPD) are able to facilitate calcein endosomeal escape levels that are comparable to the corresponding monomers.
223  HEK293A cells
15 To examine the effects of the shuttle agents on a different cell line, HEK293A cells were cultured and tested in the

endosomal escape assays as described in Example 2.1. The results of flow cytometry analyses are summarized below in Table 2.8
and in Figure 1B.

Table 2.8: CM18-TAT-Cys in HEK293A cells
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Domains Cells Concentration  Mean Eounts Stand. Mean Factor
(M) (n=2) dev.
No peptide HEK293A 0 165819 7693 1.0
. CM18-TAT-Cys HEK293A 05 196 182 17 224 1.2
CM18-TAT-Cys HEK293A 5 629783 1424 3.8

The resultsin Table 2.8 and in Figure 1B show that treating calcein-loaded HEK2393A cells with the shuttle agent CM18-
TAT-Cys results in increased mean cellular calcein fluorescence intensity, as compared to untreated control cells.

5 222 Myoblasts
To examine the effects of the shuttle agents on primary cells, primary myoblast cells were cultured and tested in the

endosomal escape assays as described in Example 2.1. The results of flow cytometry analyses are summarized below in Tables
2.9 and 2.10, and in Figure 4. In each case, the flow cytometry results were also confirmed by fluorescence microscopy.

10 Table 2.9: Dose response of CM18-TAT-Cys in primary myoblasts, data from Figure 4
. Peptide Mean counts Stand.
Domains Cells Conc. (uM) (n=3) dev. Mean Factor
No peptide;
no calcein (‘Cells) Myoblasts 0 863 61 n/a
No peptide
(‘Caloein 100 pM) Myoblasts 0 38111 13715 1.0
ELD-CPD CM18-TAT-Cys Myoblasts 5 79826 12080 21
CM18-TAT-Cys Myoblasts 8 91421 10 846 24

Table 2.10: Dose response of CM18-TAT-Cys in primary myoblasts

Domains Peptide Cells C::Eﬂ(fj\/l) Mea(l:] :g)u nts Mean Factor
No peptide Myoblasts 0 31071 21075 1.0
CM18-TAT-Cys Myoblasts 91618 10535 29
FLDCPD oMt TATOys | Wyoblests 75 95 289 11266 31

The results in Table 2.9 (shown graphically in Figure 4) and Table 2.10 suggest that CM18-TAT-Cys facilitates escape of
15 endosomally-trapped calcein in a dose-dependent manner in primary myoblasts. Concentrations of CM18-TAT-Cys above 10 uM
were associated with an increase in cell toxicity in myoblast cells, as for Hel a cells.

Table 2.11: Monomers v. dimers CM18-TAT-Cys and CM18-Penetratin-Cys in primary myoblasts

Domains Peptide Cells Concentration Mean counts Stand. Mean Factor
(uM) dev
- No peptide Myoblasts 0 30175 4687 1.0
ELD-CPD CM18-TAT-Cys | Myoblasts 5 88686 19 481 29
ELd[i)r-n%fD dCM18-TAT-Cys | Myoblasts 25 64 864 1264 21
ELD-CPD C'V'mg‘;rs‘e”a“”' Myoblasts 5 65636 3288 22
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ELD-CPD dCM18-Penetratin-

. Myoblasts 25 71547 10975 24
dimer Cys

The results in Table 2.11 suggest that shuttle peptide dimers are able to facilitate calcein endosomal escape levels that are
comparable to the corresponding monomers in primary myoblasts.

Example 3:
Peptide shuttle agents increase GFP transduction efficiency

34 Protein transduction assay

One day before the transduction assay was performed, cells in exponential growth phase were harvested and plated in a
96-well plate (20,000 cells per well). The cells were incubated overnight in appropriate growth media containing FBS (see Example
1). The next day, in separate sterile 1.5 mL tubes, cargo protein at the indicated concentration was pre-mixed (pre-incubated) for 1
or 10 min (depending on the protocal) at 37°C with the peptide(s) to be tested shuttle agents (0.5 to 5 M) in 50 L of fresh medium
without serum (unless otherwise specified). The media in wells was removed and the cells were washed three times with freshly
prepared phosphate buffered saline (PBS) previously warmed at 37°C. The cells were incubated with the cargo protein/shuttle agent
mixture at 37°C for the indicated time (e.g., 1, 5 or 60 min). After the incubation, the cells were quickly washed three times with
freshly prepared PBS andfor heparin (0.5 mg/mL) previously warmed at 37°C. The washes with heparin were required for human
THP-1 blood cells to avoid undesired cell membrane-bound protein background in subsequent analyses (microscopy and flow
cytometry). The cells were finally incubated in 50 L of fresh medium with serum at 37°C before analysis.

31a  Protocol A: Protein transduction assay for adherent cells

One day before the transduction assay was performed, cells in exponential growth phase were harvested and plated in a
96-well plate (20,000 cells per well). The cells were incubated ovemightin appropriate growth media containing serum (see Example
1). The next day, in separate sterile 1.5-mL tubes, peptides were diluted in sterile distilled water at room temperature (if the cargo is
or comprised a nucleic acid, nuclease-free water was used). Cargo protein(s) were then added to the peptides and, if necessary,
sterile PBS or cell culture medium (serum-free) was added to obtain the desired concentrations of shuttle agent and cargo in a
sufficient final volume to cover the cells (e.g., 10 to 100 pL per well for a 96-well plate). The peptides /cargo mixture was then
immediately used for experiments. At least three controls were included for each experiment, including: (1) peptides alone (e.g., at
highest concentration tested); (2) cargo alone; and (3) without any cargo or shuttle agent. The media in wells was removed, cells
were washed once with PBS previously warmed at 37°C, and the cells were incubated with the cargo protein/peptide mixture at
37°C for the desired length of time. The peptide/cargo mixture in wells was removed, the cells were washed once with PBS, and
fresh complete medium was added. Before analysis, the cells were washed once with PBS one last time and fresh complete medium
was added.

3.1b  Protocol B: Protein transduction assay for suspension cells

One day before the transduction assay was performed, suspension cells in exponential growth phase were harvested and
plated in a 96-well plate (20,000 cells per well). The cells were incubated ovemnight in appropriate growth media containing serum
(see Example 1). The next day, in separate sterile 1.5-mL tubes, peptides were diluted in sterile distilled water at room temperature
(if the cargo is or comprised a nucleic acid, nuclease-free water was used). Cargo protein(s) were then added to the pepfides and, if
necessary, sterile PBS or cell culture medium (serum-free) was added fo abtain the desired concentrations of shuttle agent and
cargo in a sufficient final volume to resuspend the cells (e.g., 10 to 100 L per well in a 96-well plate). The shuttle agent/peptide was
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then immediately used for experiments. At least three controls were included for each experiment, including: (1) peptide alone (e.g.,
at highest concentration tested); (2) cargo alone; and (3) without any cargo or shuttle agent. The cells were centrifuged for 2 minutes
at 400g, the medium was then removed and the cells were resuspended in PBS previously warmed at 37°C. The cells were
centrifuged again 2 minutes at 400g, the PBS removed, and the cells were resuspended with the cargo protein/peptide mixture at
37°C for the desired length of time. After that, 200 L of complete medium was added directly on the cells. Cells were centrifuged
for 2 minutes at 400g and the medium was removed. The pellet was resuspended and washed in 200 L of PBS previously warmed
at 37°C. After another centfrifugation, the PBS was removed and the cells were resuspended in 50 L of trypsin-EDTA solution for
2 min. 200 of complete medium was directly added and cells were centrifuged for 2 minutes at 400g. The medium was removed and
the cells were resuspended in 200 L of complete medium.

3.2 Fluorescence microscopy analysis

The delivery of fluorescent protein cargo in cytosolic and nuclear cell compartments was observed with an Olympus |X70™
microscope (Japan) equipped with a fluorescence lamp (Model U-LH100HGAPO) and different filters. The Olympus filter U-MF2™
(C54942-Exc495/Em510) was used to observe GFP and FITC-labeled antibody fluorescent signals. The Clympus filter HQ-TR™
(V-N41004-Exc555-60/Em645-75) was used to observe mCherry™ and GFP antibody fluorescent signals. The Olympus filter U-
MWU2™ (Exc330/Em385) was used to observe DAPI or Blue Hoechst fluorescent signals. The cells incubated in 50 pL of fresh
medium were directly observed by microscopy (Bright-field and fluorescence) at different power fields (4x to 40x). The cells were
observed using a CoolSNAP-PRO™ camera (Series A02D874021) and images were acquired using the Image-Proplus™ software.

32a  Cell immuno-labelling

Adherent cells were plated on a sterile glass strip at 1.5x10° cells per well in a 24-plate well and incubated overnight at
37°C. For fixation, cells were incubated in 500 L per well of formaldehyde (3.7% viv) for 15 minutes at room temperature, and
washed 3 times for 5 minutes with PBS. For permeabilization, cells were incubated in 500 L per well of Triton™ X-100 (0.2%) for
10 minutes at room temperature, and washed 3 times for 5 minutes with PBS. For blocking, cells were incubated in 500 L per well
of PBS containing 1% BSA (PBS/BSA) for 60 minutes at room temperature. Primary mouse monoclonal antibody was diluted
PBS/BSA (1%). Cells were incubated in 30 L of primary antibody overnight at 4°C. Cells were washed 3 times for & minutes with
PBS. Secondary antibody was diluted in PBS/BSA (1%) and cells were incubated in 250 ul of secondary antibody 30 minutes at
room temperature in the dark. Cells were washed 3 times for 5 minutes with PBS. Glass strips containing the cells were mounted on
microscope glass slides with 10 L of the mounting medium Fluoroshield™ with DAPI.

33 Flow cytometry analysis:

The fluorescence of GFP was quantified using flow cytometry (Accuri C8, Becton, Dickinson and Company (BD)). Untreated
cells were used to establish a baseline in order to quantify the increased fluorescence due to the intemalization of the fluorescent
protein in treated cells. The percentage of cells with a fluorescence signal above the maximum fluorescence of untreated cells, “mean
%" or “Pos cells (%), is used o identify positive fluorescent cells. “Relative flucrescence intensity (FL1-A)" corresponds to the mean
of all fluorescence intensities from each cell with a fluorescent signal after fluorescent protein delivery with the shuttle agent. Also,
the events scanned by flow cytometry corresponding to cells (size and granularity) were analyzed. The cellular toxicity (% cell viability)
was monitored comparing the percentage of cells in the total events scanned of treated cells comparatively to untreated cells.

3.3a  Viability analysis
Where indicated, the viability of cells was assessed with a resazurin test. Resazurin is a sodium salt colorant that is
converted from blue to pink by mitochondrial enzymes in metabolically active cells. This colorimetric conversion, which only occurs

58



10

15

20

25

30

35

WO 2018/068135 PCT/CA2017/051205

in viable cells, can be measured by spectroscopy analysis in order to quantify the percentage of viable cells. The stock solution of
resazurin was prepared in water at 1 mg/100 mL and stored at 4°C. 25 L of the stock solution was added to each well of a 96-well
plate, and cells were incubated at 37°C for one hour before spectrometry analysis. The incubation time used for the resazurin
enzymatic reaction depended on the quantity of cells and the volume of medium used in the wells.

34 Construction and amino acid sequence of GFP
The GFP-encoding gene was cloned in a TS bacterial expression vector to express a GFP protein containing a 6x histidine
tag and a serine/glycine rich linker in the N-terminal end, and a serine/glydine rich linker and a stop codon (-) at the C-terminal end.

Recombinant GFP protein was purified as described in Example 1.4. The sequence of the GFP construct was;
MHHHHHHGGGGSGGGGSGGASTGTGIRMYSKGEELFTGVVPI LVELDGDVNGHKF SVSGEGEGDATYGKLTLK
FICTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDF FKSAMP EGYVQERT I FFKDDGN YKTRAEVKFEGDT
LVNRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGIKVNFKIRHNIEDGSVQLADHYQONTPIGDG
PVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGI TLCMDELYKGGSGGGSGGGSGWIRASSGGREIS -
[SEQ ID NO: 60]

(MW= 31.46 kDa; pl=6.19)
Serine/fglycine rich linkers are in bold
GFP sequence is underlined

35 GFP transduction by CM18-TAT-Cys in HeLa cells: Fluorescence microscopy

Hel a cells were cultured and tested in the protein transduction assay described in Example 3.1. Briefly, GFP recombinant
protein was co-incubated with 0, 3 or 5 uM of CM18-TAT, and then exposed to Hel a cells for 1 hour. The cells were observed by
bright field and fluorescence microscopy as described in Example 3.2. The results presented in Figure 5 show that GFP was
delivered infracellularly to Hel a cells in the presence of the shuttle agent CM18-TAT.

3.6 GFP transduction by shuttle agents in HeLa cells: Dose responses (CM18-TAT-Cys, dCM18-TAT-Cys, GFP) and
cell viability

Hela cells were cultured and tested in the protein transduction assay described in Examples 3.1-3.3. Briefly, GFP
recombinant protein was co-incubated with different concentrations of CM18-TAT-Cys or dimerized CM18-TAT-Cys (dCM18-TAT-
Cys), and then exposed to Hela cells for 1 hour. The results are shown in Table 3.1 and Figures 6A-6B.

Table 3.1: Dose response (CM18-TAT) and cell viekility, data from Figures 6A and 6B

Concentration Figure 6A Figure 6B
Shuttle Cells (M) Mean (%)  Standard Cell viability (%)
(n=3) deviation (£ St. Dev.; n=3)
Hela 0 0.69 0.12 05+4
Hela 05 8.67 0.96 88.4+6
CM18-TAT-Cys Hela 1 20.03 2.55 90 +6
Hela 3 31.06 528 91+5
Hela 5 36.91 433 0 +7

Table 3.1 and Figure 6A show the restllts of flow cytometry analysis of the fluorescence intensity of HelLa cells transduced
with GFP (6 uM) without or with 5, 3, 1, and 0.5 uM of CM18-TAT-Cys. Corresponding cellular toxicity data are presented in Table
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3.1 and in Figure 6B. These results suggest that the shuttle agent CM18-TAT-Cys increases the transduction efficiency of GFP in a
dose-dependent manner.

Table 3.2: Dose response (GFP), data from Figures 7A and 7B
Conc. of Conc. of

Cells shuttle agent GFP Meaf3(%) dStar]d?rd
(M) (uM) (n=3) eviation
Control Hela 0 10 0.93 0.08
Hela 5 10 374 429
CM18-TAT-Cys Hela 5 5 2141 219
Hela 5 1 8.56 1.91
... |
Control Hela 0 10 0.91 0.09
Hela 25 10 34.2 342
dCM18-TAT-Cys Hela 25 5 222 317
Hela 25 1 9.38 211
5
Table 3.2 and Figure 7 show the resuls of flow cytometry analysis of the flucrescence intensity of Hel a cells fransduced
with different concentrations of GFP (1 to 10 pM) without or with 5 uM of CM18-TAT-Cys (Figure TA) or 2.5 uM dCM18-TAT-Cys
(Figure 7B).
10 37 GFP transduction in HeLa cells: Dose responses of CM18-TAT-Cys and CM18-Penetratin-Cys, and dimers thereof
Hel a cells were cultured and tested in the protein transduction assay described in Example 3.1. Briefly, GFP recombinant
protein (5 uM) was co-incubated with different concentrations and combinations of CM18-TAT-Cys, CM18-Penetratin-Cys, and
dimers of each (dCM18-TAT-Cys, dCM18-Penetratin-Cys), and then exposed to HelLa cells for 1 hour. The cells were subjected to
flow cytometry analysis as described in Example 3.3. The results are shown in Table 3.3 and Figure 8, as well as in Table 3.4 and
15 Figure 9.

Table 3.3; Data in Figure 8

- Cells  Concentraton = Mean (%)  Standard
No. in Figure 8 Shuttle agent (M) (n=3) deviation
Contral (“ctr) No shuttle Hela 0 043 008
1 CM18-TAT-Cys HelLa 05 8.75 063
2 dCM18-TAT-Cys HelLa 05 8.86 1.03
3 CM18-Penetratin-Cys Hela 3 0.59 0.11
4 dCM18-Penetratin-Cys Hela 3 0.73 0.08
CM18-TAT-Cys + 05
1+3 CM18-Penetratin-Cys Hela 3 1952 218
dCM18-TAT-Cys + 05
2+3 CM18-Penetratin-Cys Hela 3 2244 329
CM18-TAT-Cys + 05
1+4 dCM18 Penetratin-Cys Hela 3 18.73 1.95
dCM18-TAT-Cys + 05
2+4 dCM18-Penetratin-Cys Hela 3 17.19 193
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The results in Table 3.3 and Figure 8 show that the transduction efficiency of GFP is increased in Hel a cells using the
shuttle agents CM18-TAT-Cys and dCM18-TAT-Cys (see bars “1” and *2" in Figure 8). Although no GFP intracellular delivery was
observed using CM18-Penetratin-Cys or dCM18-Penetratin-Cys alone (see bars “3" or “4” in Figure 8), combination of CM18-TAT-
Cys with CM18-Penetratin-Cys (monomer or dimer) improved GFP protein delivery (see four right-most bars in Figure 8).

Table 3.4; Data in Figure 9
Cells Concentration =~ Mean (%)  Standard

No.in Figure 9 (M) (n=3) deviation

Contral (“ctrl”) No shulttle Hela 0 0.51 007

1 CM18-TAT-Cys HelLa 1 20.19 219

2 dCM18-TAT-Cys HeLa 1 18.43 189

3 CM18-Penetratin-Cys Hela 3 0.81 007

4 dCM18-Penetratin-Cys Hela 3 0.92 0.08
CM18-TATCys + 1

1+3 CM18-Penetratin-Cys Hela 3 3019 344
dCM18-TATCys + 1

2+3 CNI18Penetratin-Cys Hela 3 2238 246
CM18-TATCys + 1

1+4 dCM18-Penetratin-Cys Hela 3 2647 225
dCM1&-TATCys + 1

2+4 dCM18-Penetratin-Cys Hela 3 2144 311

The results in Table 3.4 and Figure 9 show that the transduction efficiency of GFP is increased in Hel a cells using the
shuttle agents CM18-TAT-Cys and dCM18-TAT-Cys (see bars “1” and *2" in Figure 9). Although no GFP intracellular delivery was
observed using CM18-Penetratin-Cys or dCM18-Penetratin-Cys alone (see bars “3’ or “4” in Figure 9), combination of CM18-TAT-
Cys with CM18-Penetratin-Cys (monomer or dimer) improved GFP protein delivery (see four right-most bars in Figure 9).

38 GFP transduction by shuttle agents in HeLa cells: Controls

Hel a cells were cultured and tested in the protein transduction assay described in Example 3.1. Briefly, GFP recombinant
protein (5 uM) was co-incubated with 5 UM of each of the following peptide(s): TAT-Cys; CM18; Penetratin-Cys; TAT-Cys + CM18;
Penetratin-Cys + CM18; and CM18-TAT-Cys, and then exposed to Hel_a cells for 1 hour. GFP fluorescence was visualized by bright
field and fluorescence microscopy. The microscopy results (data not shown) showed that GFP was successfully delivered
intracellularly using CM18-TAT-Cys. However, GFP was not successfully delivered intracellularly using single-domain peptides used
alone (CM18, TAT-Cys, Penetratin-Cys) or together (CM18 + TAT-Cys, CM18 + Penetratin-Cys). These results are consistent with
those presented in Tables 2.1 and 2.2 with respect to the calcein endosome escape assays.

Example 4:
Peptide shuttle agents increase TAT-GFP transduction efficiency

The experiments in Example 3 showed the ability of shuttle agents to deliver GFP intracellularly. The experiments
presented in this example show that the shuttle agents can also increase the intracellular delivery of a GFP cargo protein that is
fused to a CPD (TAT-GFP),
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41 Construction and amino acid sequence of TAT-GFP
Construction was performed as described in Example 3.4, except that a TAT sequence was cloned between the 6x
histidine tag and the GFP sequences. The 6x histidine tag, TAT, GFP and a stop codon (-) are separated by serine/glycine rich

linkers. The recombinant TAT-GFP protein was purified as described in Example 1.4. The sequence of the TAT-GFP construct was:
MHHHHHHGGGGSGGGGSGGASTGTGRKKRRORRRPPQGGGGESGEGGEGSGGGTGIRMYS KGEELFTGVVPILVEL
DGDVNGHKFSVSGEGEGDATYGKLTLKFI CTTGKLEVPWPTLVTTLTY GVQC FSRY P DHMKQHDF FKSAMPEG
YVQERTI FFKDDGNYKTRAEVKFEGDTLVNRI ELKGI DFKEDGNI LGHKLEYNYNSHNVYIMADKQKNGIKVN
FKIRHNIEDGSVQLADHYQONT PIGDGPVLLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGI TLGMDELY
KGGSGGGSGGGSGWIRAS SGGREI S—

[SEQ ID NO: 61]

(MW= 34.06 kDa ; p=8.36)

TAT sequence is underlined

Serine/glycine rich linkers are in bold

42 TAT-GFP transduction by CM18-TAT-Cys in Hela cells: Visualisation by fluorescence microscopy

Hela cells were cultured and tested in the protein transduction assay described in Example 3.1. Briefly, TAT-GFP
recombinant protein (5 PM) was co-incubated with 3 uM of CM18-TAT-Cys and then exposed to HelLa cells for 1 hour. Cells and
GFP fluorescence were visualized by bright field and fluorescence microscopy (as described in Example 3.2) at 10x and 40x
magnifications, and sample results are shown in Figure 10. The microscopy results revealed that in the absence of CM18-TAT-Cys,
TAT-GFP shows a low intengity, endosomal distribution as reported in the literature. In contrast, TAT-GFP is delivered to the
cytoplasm and to the nucleus in the presence of the shuttle agent CM18-TAT-Cys. Without being bound by theory, the TAT peptide
itself may act as a nuclear localization signal (NLS), explaining the nuclear localization of TAT-GFP. These results show that CM18-
TAT-Cys is able to increase TAT-GFP fransduction efficiency and allow endosomally-trapped TAT-GFP to gain access to the
cytoplasmic and nuclear compartments.

43 TAT-GFP transduction by CM18-TAT-Cys in HeLa cells: Dose responses and viability of cells transduced

Hela cells were cultured and tested in the protein transduction assay described in Example 3.1. Briefly, TAT-GFP
recombinant protein (56 uM) was co-incubated with different concentrations of CM18-TAT-Cys (0, 0.5, 1, 3, or 5 uM) and then
exposed to Hela cells for 1 hour. The cells were subjected to flow cytometry analysis as described in Example 3.3. Results are
shown in Table 4.3 and Figure 11A. Corresponding csllular toxicity data are presented in Figure 11B.

Table 4.3: Data from Figure 11A and 11B

Figure 11A Figure 11B
Shuttle agent Cells Concentration (M) Mean (%)  Standard Cell viability (%)
(n=3) deviation (£ St. Dev.; n=3)
HelLa 0 11.79 1.16 100
HelLa 05 10.19 1.94 84365
CM18-TAT-Cys HelLa 1 14.46 2.59 89.26 +5.26
HelLa 3 28.12 3.27 9318 +£6.28
HelLa 5 35.5? 3.59 9514 +5.28

1 The fluorescence was mostly endosomal, as confirmed by fluorescence microscopy.
2 Fluorescence was more diffuse and also nuclear, as confirmed by fluorescence microscopy.

Example 5:
Peptide shuttle agents increase GFP-NLS transduction efficiency and nuclear localization
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The experiments in Examples 3 and 4 showed the ability of shuttle agents to deliver GFP and TAT-GFP intracellularly.
The experiments presented in this example show theat the shuttle agents can facilitate nuclear delivery of a GFP protein cargo fused
to a nuclear localization signal (NLS).

5.1 Construction and amino acid sequence of GFP-NLS

Construction was performed as described in Example 3.4, except that an optimized NLS sequence was cloned between
the GFP sequence and the stop codon (). The NLS sequence is separated from the GFP sequence and the stop codon by two
serine/glycine rich linkers. The recombinant GFP-NLS protein was purified as described in Example 1.4. The sequence of the GFP-

NLS construct was;

MHHHHHHGGGGSGGGGSGGASTGIRMVSKGEELFTGVVP ILVELDGDVNGHKFSVSGEGEGDATYGKLTLKFT
CTTGKLPVPWPTLVTTLTYGVQCFSRYPDHMKQHDFFKSAMPEGYVQERT I FFKDDGN YKTRAEVK FEGDT LV
NRIELKGIDFKEDGNILGHKLEYNYNSHNVYIMADKQKNGI KVNFKIRHNIEDGSVQLADHYQQONT PIGDGPV
LLPDNHYLSTQSALSKDPNEKRDHMVLLEFVTAAGI TLGMDELYKGGSGGGS GGGSGWIRAS SGGRS SDDEAT
ADSQHAAPPKKKRKVGGSGGGSGGGSGGGRGTEIS- [SEQ ID NO: 62]

(MW =34.85kDa; pl = 6.46)

NLS sequence is underlined

Serine/glycine rich linkers are in bold

5.2 Nuclear delivery of GFP-NLS by CM18-TAT-Cys in HeLa cells in § minutes: Visualisation by fluorescence
microscopy

Hela cells were cultured and tested in the protein transduction assay described in Example 3.1. Briefly, GFP-NLS
recombinant protein (5 M) was co-incubated with 5 pM of CM18-TAT-Cys, and then exposed to HelLa cells. GFP fluorescence was
visualized by bright field and flucrescence microscopy after 5 minutes (as described in Example 3.2) at 10x, 20x and 40x
magnifications, and sample results are shown in Figure 12. The microscopy results revealed that GFP-NLS s efficiently delivered
to the nucleus in the presence of the shuttle agent CM18-TAT-Cys, after only 5 minutes of incubation.

53 GFP-NLS transduction by CM18-TAT-Cys in HeLa cells: Dose responses and viability of cells transduced

Hel a cells were cultured and tested in the protein transduction assay described in Example 3.1. GFP-NLS recombinant
protein (5 UM) was co-incubated with 0, 0.5, 1, 3, or 5 uM of CM18-TAT-Cys, and then exposed to Hel a cells for 1 hour. The cells
were subjected to flow cytometry analysis as described in Example 3.3. Results are shown in Table 5.1 and Figure 13A.
Corresponding cellular toxicity data are presented in Figure 13B.

Table 5.1: Data from Figure 13A and 13B

Figure 13A Figure 13B
Shuttle agent Concentration (M) Mean (%)  Standard  Cell viability (%)
(n=3) deviation  (t St.Dev.;n=3)

Hela 0 0.90 0.12 100

Hela 05 9.81 163 876+4
CM18-TAT-Cys Hela 1 18.42 247 93+8

Hela 3 28.09 324 94+5

Hela 5 32.26 4.79 93+4

These results show that CM18-TAT-Cys is able to increase GFP-NLS transduction efficiency in Hela cells in a dose-
dependent manner.
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54 GFP-NLS transduction by CM18-TAT-Cys, CM18-Penetratin-Cys, and dimers thereof in HeLa cells

Hel a cells were cultured and tested in the protein transduction assay described in Example 3.1. GFP-NLS recombinant
protein (5 uM) was co-incubated with different concentrations and combinations of CM18-TAT-Cys, CM18-Penetratin-Cys, and
dimers of each (dCM18-TAT-Cys, dCM18-Penetratin-Cys), and then exposed to HelLa cells for 1 hour. The cells were subjected to
flow cytometry analysis as described in Example 3.3. The results are shown in Tables 5.2 and 5.3, and in Figures 14 and 15,

Table 5.2: Data in Figure 14
Concentration Mean (%)  Standard

No. in Figure 14 Shuttle agent (M) (n=3) deviation

ctrl No shuttle HelLa 0 0.41 0.10

1 CM18-TATCys Hela 05 7.64 0.85

2 dCM18-TAT-Cys Hela 05 8.29 091

3 CM18-Penetratin-Cys Hel a 3 043 0.08

4 dCM18-Penefratin-Cys | Hela 3 0.85 0.07
CM18-TAT-Cys + 05

13 CM18PenetratinCys | -8 3 211 24
dCM18-TAT-Cys + 05

2+3 CM18-Penetratin-Cys Hela 3 1922 273
CM18-TAT-Cys + 05

1+4 dOM18-Penetratin-Cys | o-2 3 23.44 251
dCM18-TAT-Cys + 05

2+4 dCNI18 Penetratin Oys | -2 3 1947 216

Table 5.3: Data in Figure 15
Concentration =~ Mean (%)  Standard

No. in Figure 15 Shuttle agent Cells (M) (n=3) deviation

ctrl No shuttle Hela 0 044 012

1 CM18-TAT-Cys Hela 1 15.56 224

2 dCM18-TAT-Cys HelLa 1 17.83 213

3 CM18-Penetratin-Cys Hela 3 0.68 0.05

4 dCM18-Penetratin-Cys | Hela 3 0.84 0.07
CM18-TAT-Cys + 1

1+3 CM18-Penetratin-Cys Hela 3 21.26 361
dCM18-TAT-Cys + 1

2+3 CM18-Penetratin-Cys Hela 3 2541 377
CM18-TAT-Cys + 1

1+4 dOM18-Penetratin-Cys | -2 3 3147 459
dCM18-TAT-Cys + 1

2+4 dOM18-PenetratinCys | M2 3 28.74 293

The results in Tables 5.2 and 5.3 and Figures 14 and 15 show that the transduction efficiency of GFP-NLS is increased
in HeLa cells using the shuttle agents CM18-TAT-Cys and dCM18-TAT-Cys (see bars “1" and “2” in Figures 14 and 15). Although
no GFP-NLS intracellular delivery was observed using CM18-Penefratin-Cys or dCM18-Penetratin-Cys alone (see bars “3" and “4"
in Figures 14 and 15), combination of CM18-TAT-Cys with CM18-Penetratin-Cys (monomer or dimer) improved GFP-NLS
intracellular delivery (see four right-most bars in Figures 14 and 15).

64



10

15

20

WO 2018/068135 PCT/CA2017/051205

5.5 GFP-NLS transduction by shuttle agents in HeLa cells: 5 min v. 1 h incubation; with or without FBS

Hela cells were cultured and tested in the protein transduction assay described in Example 3.1. GFP-NLS recombinant
protein (5 uM) was co-incubated with either CM18-TAT-Cys (3.5 uM) alone or with dCM18-Penetratin-Cys (1 uM). Cells were
incubated 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 as described in Example 3.3. The results are shown in Table 5.4, and in Figure 16. Cells that
were not freated 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.

Table 5.4: Data in Figure 16

Shuttle Mean

Shuttle No.inFig. Cells Medium Incu_batlon Conc. (%) Star_1d?rd
16 time i deviation
(M) (n=3)
No shuttle (Ctrl) 1 Hela | DMEM 1h 0 0.59 0.09
GFP-NLS alone 2 Hela | DMEM 1h 0 1.19 0.31
3 Hela | DMEM 1h 35 20.69 1.19
CMIB-TAT-Cys 4 Hela | FBS 1h 35 13.20 0.82
5 Hela | DMEM 5min 35 20.45 4.26
CMIB-TAT-Cys 6 Hela | FBS 5min 35 10.83 1.25
No shuttle (Ctrl) 1 Hela | DMEM 1h 0 0.53 0.11
GFP-NLS alone 2 Hela | DMEM 1h 0 1.25 0.40
CM18-TAT-Cys + 3 HeLa | DMEM 1h 50 27.90 242
dCM18-Penetratin- 35
Cys 4 Hela | FBS 1h 1 8.35 0.46
CM18-TAT-Cys + 5 Hela | DMEM 5min 3i5 2410 276
dCM18-Penetratin- 35
Cys 6 Hela | FBS 5min 1 5.02 072

The results in Table 5.4 and Figure 16 show that the addition of even a relatively low amount of the dimer dCM18-
Penetratin-Cys (1 uM; “dCM18pen”) to the CM18-TAT-Cys monomer improved GFP-NLS fransduction efficiency. Interestingly,
infracellular GFP-NLS delivery was achieved in as litle as 5 minutes of incubation, and delivery was still achievable (although
reduced) in the presence of FBS.

56 GFP-NLS transduction by shuttle agents in THP-1 suspension cells

The ability of the shuttle agents to deliver GFP-NLS intracellularly was tested in THP-1 cells, which is an acute monocytic
leukemia cell line that grows in suspension. THP-1 cells were cultured (see Example 1) and tested in the protein transduction assay
described in Example 3.1. GFP-NLS recombinant protein (5 puM) was co-incubated with or without 1 pM CM18-TAT-Cys, and
exposed to the THP-1 cells for 5 minutes, before being subjected to flow cytometry analysis as described in Example 3.3. The results
are shown in Table 5.5 and in Figure 17A. Corresponding cellular toxicity data are presented in Figure 17B.
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Table 5.5: Datain Figure 17A and 17B

Figure 17A Figure 17B
Cells Sh““'eMC°“°' Mean (%) Standard  Cell viability (%)
(uM) (n=3) deviation (* St. Dev.; n=3)
No shuttle (Ctrl) 0 1.23 0.16 85+4
GFP-NLS alone THP-1 0 249 0.37 86+3
CM18-TAT-Cys 1 38.1 4.16 85+6

The results in Table 5.5 and Figure 17 demonstrate the ability of the shuttle agents to deliver protein cargo intracellularly
to a human monocytic cell line grown in suspension.

Example 6:
Peptide shuttle agents increase transduction efficiency of an FITC-labeled anti-tubulin antibody

The experiments in Examples 3-5 showed the ability of shuttle agents to increase the transduction efficiency of GFP, TAT-
GFP, and GFP-NLS. The experiments presented in this example show that the shuttle agents can also deliver alarger protein cargo:
an FITC-abeled anti-tubulin antibody. The FITC-abeled anti-tubulin antibody was purchased from (Abcam, ab64503) and has an
estimated molecular weight of 150 KDa. The delivery and microscopy protocols are described in Example 3.

6.1 Transduction of a functional antibody by CM18-TAT-Cys in HeLa cells: Visualization by microscopy

FITC-labeled anfi-tubulin antibody (0.5 uM) was co-incubated with 5 uM of CM18-TAT-Cys and exposed to Hela cells for
1 hour. Antibody delivery was visualized by bright field (20x) and fluorescence microscopy (20x and 40x). As shown in Figure 18,
fluorescent tubulin fibers in the cytoplasm were visualized, demonstrating the functionality of the antibody inside the cell.

6.2 Transduction of a functional antibody by CM18-TAT-Cys, CM18-Penetratin-Cys, and dimers in HeLa cells: Flow
cytometry

Hela cells were cultured and tested in the protein transduction assay described in Example 3.1. FITC-labeled anti-tubulin
antibody (0.5 uM) was co-incubated with 3.5 UM of CM18-TAT-Cys, CM18-Penetratin-Cys or dCM18-Penetratin-Cys, or a
combination of 3.5 M of CM18-TAT-Cys and 0.5 uM of dCM18-Penetratin-Cys, and exposed o Hela cells for 1 hour. The cells
were subjected to flow cytometry analysis as described in Example 3.3. Results are shown in Table 6.1 and Figure 19A.
Corresponding cellular toxicity data are presented in Figure 19B.

Table 6.1: Data from Figure 19A and 19B

Shuttle Figure 19A Figure 19B

Domains Shuttle agent Cells Conc. Mean (%) Standard Cell viability (%)
(M) (n=3) deviation (£ St. Dev.; n=3)

No shuttie Hela 0 09 0.06 98+ 1.0

("Ct"
Antibody alone | ., , 0 2.6 061 96+34
(“antibody”)
ELD-CPD CM18-TAT-Cys HelLa 35 36.56 4.06 95 £4.06
CM18-Penetratin-Cys | Hela 35 53.05 95 73+95
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eLp.cPDgmer | ML o | g 50.23 9.12 74590
CIB-TAT Cys +
ELD-CPD + | 35
ELD-CPD dimer dCM18—CP;2etratm— Hela 05 4719 85 93+ 85

The results in Table 6.1 and Figures 18 and 19 show that both CM18-TAT-Cys and CM18-Penetratin-Cys facilitate
intracellular delivery of an FITCHabeled anti-tubulin antibody. In contrast to the results with GFP, TAT-GFP, and GFP-NLS in
Examples 3-5, CM18-Penetratin-Cys was able to deliver the antibody cargo intracellularly when used alone (without CM18-TAT-
Cys). However, combination of CM18-TAT-Cys and dCM18-Penetratin-Cys allowed for higher intracellular delivery as compared
with CM18-TAT-Cys alone, and with less cell toxicity as compared to CM18-Penetratin-Cys and dCM18-Penetratin-Cys (see Figure
19A and 19B).

Example 7:
CM18-TAT-Cys enables intracellular plasmid DNA delivery but poor plasmid expression

The ability of the CM18-TAT-Cys shuttle agent to deliver plasmid DNA infracellularly was tested in this example on
HEK293A cells using a plasmid encoding GFP.

74 Transfection assay in HEK293A cells

One day before the transfection assay was performed, mammalian cells (HEK293A) in exponential growth phase were
harvested and plated in a 24-well plate (50,000 cells per well). The cells were incubated overnight in appropriate growth media
containing FBS. The next day, in separate sterile 1.5 mL tubes, pEGFP labeled with a Cy5™ fluorochrome was mixed for 10 min at
37°C with CM18-TAT-Cys (0.05, 0.5, or 5 uM) in fresh PBS at a final 100 L volume. The media in wells was removed and the cells
were quickly washed three times with PBS and 500 pL of warm media without FBS was added. The pEGFP and CM18-TAT-Cys
solution was added to the cells and incubated at 37°C for 4 hours. After the incubation, cells were washed with PBS and fresh media
containing FBS was added. Cells were incubated at 37°C before being subjected to flow cytometry analysis as described in Example
3.

7.2 Plasmid DNA delivery with CM18-TAT-Cys

Plasmid DNA (pEGFP) was labeled with a Cy5™ dye following the manufacturer’s instructions (Mirus Bio LLC). Cy5™
Moiety did not influence transfection efficiency when compared to unlabelled plasmid using standard transfection protocol (data not
shown). Flow cytometry analysis allowed quantification of Cy5™ emission, corresponding to DNA intracellular delivery, and GFP
emission, corresponding to successful nuclear delivery, DNA transcription and protein expression. The results are shown in Table
7.1 and in Figure 20.

Table 7.1: Data from Figure 20

CyS5™ fluorescence GFP expression
Sample DNA (ng) Mean Cy5™ Standard Mean (% of cells with Standard
signal (h=3) deviation GFP signal; n=3) deviation
pEGFP-Cy5 alone 500 914 0 0.0% n/a
CM18-TAT-Cys, 0.05
uM 500 1450 120 0.0% nia
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CM18-TAT-Cys, 0.5
¥ 500 8362 294 0.0% nia

HM
CMAS-TAT-Cys, 5uM | 500 140 497 3977 0.1% nia

The results shown in Table 7.1 and in Figure 20 show that CM18-TAT-Cys was able to increase the intracellular delivery
the plasmid DNA when used at 0.05, 0.5 and 5 uM concentrations, as compared to cell incubated with DNA alone (‘pEGFP-Cy3").
However, no expression of GFP was detected in the cells, which suggests that very little of the plasmid DNA gained access to the
cytoplasmic compartment, allowing nuclear localization. Without being bound by theory, it is possible that the plasmid DNA was
massively sequestered in endosomes, preventing escape to the cytoplasmic compartment. Salomone et al., 2013 reported the use
of a CM18-TAT11 hybrid peptide to deliver plasmid DNA intracellularly. They used the luciferase enzyme reporter assay to assess
transfection efficiency, which may not be ideal for quantifying the efficiency of cytoplasmic/nuclear delivery, as the proportion of
plasmid DNA that is successfully released from endosomes and delivered to the nucleus may be overestimated due fo the potent
activity of the luciferase enzyme. In this regard, the authors of Salomone et al., 2013 even noted that the expression of luciferase
occurs together with a massive entrapment of (naked) DNA molecules into vesicles, which is consistent with the results shown in
Table 7.1 and in Figure 20.

73 Plasmid DNA delivery by peptides in HeLa cells

Following the poor transfection efficiency of the peptide CM18-TAT-Cys (0.1%, see Table 7.1) observed in HEK293A cells,
the experiment was repeated with CM18-TAT-Cys in ancther cell line (HeLa), along with other peptides listed in Table 1.3, Table
B1, and Table C1.

One day before the transfection assay was performed, Hel a cells in exponential growth phase were harvested and plated
in a 96-well plate (10,000 cells per well). The cells were incubated overnight in appropriate growth media containing FBS. The next
day, in separate sterile 1.5 mL tubes, the peptide to be tested and the polynucleotide cargo (pEGFP-C1) were mixed for 10 min at
37°C in serum-free medium at a final volume of 50 pL. The media in wells was removed and the cells were quickly washed one time
with PBS at 37°C. The mix containing the peptide to be tested and the polynucleotide cargo was added to the cells and incubated
at 37°C for the indicated period of time (e.g., 1 min, 1 h or 4 h). After the incubation, cells were washed one time with PBS at 37°C
and fresh media containing FBS was added. Cells were incubated at 37°C before being subjected to flow cytometry analysis as
described in Example 3.2, to qualify transfection efficiency (i.e., cells expression EGFP) and viability. Results are shown in Table
12
Table 7.2. DNA fransfection in HeLa cells using peptides
Mean % cells with GFP signal  Cell viability (%)

Peptide (x St. Dev.; n=3) (£ St. Dev.;n=3)
No peptide (heg. control) 0.0£0.0 100

PTD4-KALA 0.85+ 0.04 5364 391
FSD9 0.81+0.09 36.1 £ 341
KALA 0.79 £ 0.06 90.62 £ 4.16
His-CM18-Transportan 0.55+ 0.01 11.89 +1.07
FSD12 037+ 014 58,6 + 2.07
dCM18-Pen-Cys 0.35+ 0.02 336 +0.26
His-CM18-PTD4-His 0.34 £ 0.03 294+238
FSD2 0.34+0.00 55.77 £ 419
Pep1-KALA 0.31+0.03 9247 £342
FSD25 0.31+0.02 98.19 £ 1.19
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FSD7 0.29 £ 0.07 80.9 +7.59
CM18-PTD4-His 0.26 £ 0.01 295021
FSD19 0.24 £ 0.00 97.41 +2.07
FSD10 021+0.01 72.36 + 8.61
FSD24 0.20 + 0.00 96.45 + 3.02
FSD15 0.18 + 0.02 983+ 1.07
12His-CM18-PTD4 0.18 £ 0.01 97.55 £ 1.57
CM18-L1-PTD4 0.16 £ 0.01 843+ 564
FSD33 015+ 0.01 753 +4.19
TAT-LAH4 0.15+0.00 96.17 £2.70
CM18-L2-PTD4 014+ 0.01 93.7+3.07
M-His-CM18-TAT-Cys 013+ 0.01 33104
FSD42 0.12 £ 0.02 96.57 + 1.96
FSD11 0.11+0.01 462 +1.35
Xentry-KALA 0.1+ 0.02 753 +4.29
FSD5 01%0.01 93.24 + 863
3HA-CM18-PTD4 0.09 +0.01 5148 +4.83
FSD32 0.08 + 0.02 98.36 £ 0.15
CM18-TAT-Cys 0.08 + 0.01 96.28 + 1.86
FSD8 0.06 £ 0.84 423 +6.42
CM18-L3-PTD4 0.06 £ 0.01 98.4 +0.83
3His-CM18-PTD4 0.06 + 0.01 82.05 +6.81
CM18-PTD4 0.06 + 0.01 4964 + 506
TAT-CM18 0.06 + 0.01 4479 £ 417
HA-CM18-PTD4 0.06 + 0.0 5321+ 462
His-CM18-TAT 0.05+0.01 136+0.18
VSVG-PTD4 0.05+0.01 96.21 £ 2.57
9His-CM18-PTD4 0.04 £ 0.01 98.72+093
JST-PTD4 0.04 +0.01 702+539
His-CM18-PTD4 0.04 £ 0.01 632 +4.07
FSD23 0.04 + 0.00 9818 +1.03
FSD20 0.04 + 0.00 20.49 £ 353
FSD38 0.02 + 0.00 95+278
FSD16 0.02 + 0.00 99.07 £0.73
FSD26 0.02 + 0.00 97.2+1.53
FSD27 0.02 + 0.00 98 + 063
FSD35 0.02 + 0.00 96.14 + 1.67
CM18 0.02 £ 0.00 99.4+0.14
FSD30 0.02 £ 0.00 97.41+2.06
His-CM18-9Arg 0.02+0.0 3163 +0.11
FSD21 0.01+ 0.00 96.17 £ 1.69
6His-PTD4 0.01+ 0.00 97.25+1.34
FSD31 0.01+0.00 98.43 +0.43
FSD34 0.01+0.00 96.43 = 2.41
FSD36 0.01+0.00 97.06+1.99
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FSD40 0.01 £ 0.00 98.63+1.08
FSD41 0.01 £ 0.00 94.38 + 2.81
FSD28 0.01 £ 0.00 97 1.1
CM18-Pen-Cys 0.01+0.0 16.1+0.12
PTD4 0.00+ 0.01 98.2 +0.69
FSD39 0.00 + 0.00 99.2 +0.61
His-CMH18-PTD4 0.00 + 0.00 9515+233
Penetratin 0.00 £ 0.00 9742 +1.03
C(LLKK)3 0.00 £ 0.00 81.74+234

All the peptides tested in Table 7.2 showed fransfection efficiencies lower than 1%. Furthermore, the low transfection
efficiency of CM18-TAT-Cys was confirmed in HeLa cells (0.08%). These results show that peptides which are suitable for delivering
polypeptide cargos may not necessarily be suitable for delivering plasmid DNA. For example, the shuttle agent His-CM18-PTD4-His
is shown herein to effectively transduce polypeptide cargos (e.g., see Example 10), yet this peptide displayed only a DNA plasmid
transfection efficiency of 0.34% (Table 7.2).

Example 8:
Addition of a histidine-rich domain to shuttle agents further improves GFP-NLS transduction efficiency

8.1 GFP-NLS transduction by His-CM18-TAT-Cys in Hela cells: Visualization by microscopy

GFP-NLS (5 uM; see Example 5) was co-incubated with 5 uM of CM18-TAT-Cys or His-CM18-TAT and exposed to Hela
cells for 1 hour. Nuclear fluorescence of intracellularly delivered GFP-NLS was confirmed by fluorescence microscopy (data not
shown), indicating successful delivery of GFP-NLS to the nucleus.

8.2 GFP-NLS transduction by His-CM18-TAT in HeLa cells: Flow cytometry

Hel_a cells were cultured and tested in the protein transduction assay described in Example 3.1. GFP-NLS (5 uM) was co-
incubated with G, 1, 3, or 5 uM of CM18-TAT-Cys or His-CM18-TAT, and exposed to HelLa cells for 1 hour. The cells were subjected
to flow cytometry analysis as described in Example 3.3. Results are shown in Table 8.1 and Figure 21A. Corresponding cellular
toxicity data are presented in Figure 21B.

Table 8.1; Data from Figure 21A and 21B

Figure 21A Figure 21B

0,
TG withOFpggnal  Sndard - Colluiaiity 04
H (n=3) g deviation (£ St. Dev.; n=3)

Shuttle agent Cells

Ctrl (no shuttle, no
C(aFP-NLS) 0 063 0.10 96+ 3,17
GFPNLSalone | . _ 0 093 025 97205
5 2054 351 81634
CM18-TAT-Cys 3 15,66 218 89453
1 864 111 54 428
Ctr C(;”;PSR“Ltgi | Hela 0 051 0.28 95+ 4.19
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GFP-NLS alone 0 1.07 0.42 96 +3.16
5 41.38 4.59 86 + 4.59
His-CM18-TAT 3 29.58 361 91+5.18
1 8.45 1.83 95+ 3.55

Strikingly, the results in Table 8.1 and in Figure 21 show that His-CM18-TAT was able to increase GFP-NLS protein
transduction efficiency by about 2-fold at 3 UM and & uM concentrations, as compared to CM18-TAT-Cys. These resulis suggest
that adding a histidine-rich domain to a shuttle agent comprising an ELD and CPD, may significantly increase its polypeptide cargo
transduction efficiency. Altematively or in parallel, combining the shuttle agents with a further independent synthetic peptide
containing a histidine-rich domain fused to a CPD (but lacking an ELD) may provide a similar advantage for protein transduction,
with the added advantage of allowing the concentration of the histidine-rich domain to be varied or controlled independently from the
concentration of the shuttle agent. Without being bound by theory, the histidine-rich domain may act as a proton sponge in the
endosome, providing another mechanism of endosomal membrane destabilization.

Example 9:
His-CM18-PTD4 increases transduction efficiency and nuclear delivery of GFP-NLS, mCherry™-NLS and FITC-abeled

anti-tubulin antibody
9.1 Protein transduction protocols

Protocol A: Protein transduction assay for delivery in cell culture medium

One day before the transduction assay was performed, cells in exponential growth phase were harvested and plated in a
96-well plate (20,000 cells per well). The cells were incubated overnight in appropriate growth media containing FBS (see Example
1). The next day, in separate sterile 1.5-mL tubes, cargo protein at the desired concentration was pre-mixed (pre-incubated) for 10
min at 37 °C with the desired concentration of shuttle agents in 50 pL of fresh serum-free medium (unless otherwise specified). The
media in wells was removed and the cells were washed one to three times (depending on the type of cells used) with PBS previously
warmed at 37°C. The cells were incubated with the cargo protein/shuttle agent mixture at 37°C for the desired length of time. After
the incubation, the cells were washed three times with PBS and/or heparin (0.5 mg/mL) previously warmed at 37°C. The washes
with heparin were used for human THP-1 blood cells to avoid undesired cell membrane-bound protein background in subsequent
analyses (microscopy and flow cytometry). The cells were finally incubated in 50 pL of fresh medium with serum at 37°C before
analysis,

Protocol B: Protein transduction assay for adherent cells in PBS

One day before the transduction assay was performed, cells in exponential growth phase were harvested and plated in a
96-well plate (20,000 cells per well). The cells were incubated ovemightin appropriate growth media containing serum (see Example
1). The next day, in separate sterile 1.5-mL tubes, shuttle agents were diluted in sterile distilled water at room temperature (if the
cargo is or comprised a nucleic acid, nuclease-free water was used). Cargo protein(s) were then added to the shutile agents and, if
necessary, sterile PBS was added to obtain the desired concentrations of shuttle agent and cargo in a sufficient final volume to cover
the cells (e.g., 10 to 100 L per well for a 96-well plate). The shuttle agent/cargo mixture was then immediately used for experiments.
At least three controls were included for each experiment, including: (1) shuttle agent alone (e.g., at highest concentration tested);
(2) cargo alone; and (3) without any cargo or shuttle agent. The media in wells was removed, cells were washed once with PBS
previously warmed at 37°C, and the shuttle agent/cargo mixture was then added to cover all cells for the desired length of time. The
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shuttle agent/cargo mixture in wells was removed, the cells were washed once with PBS, and fresh complete medium was added.
Before analysis, the cells were washed once with PBS and fresh complete medium was added.

Protocol C: Protein transduction assay for suspension cells in PBS
One day before the transduction assay was performed, suspension cells in exponential growth phase were harvested and

plated in a 96-well plate (20,000 cells per well). The cells were incubated overnight in appropriate growth media containing serum
(see Example 1). The next day, in separate sterile 1.5-mL tubes, shuttle agents were diluted in sterile distilled water at room
temperature (if the cargo is or comprised a nucleic acid, nuclease-free water was used). Cargo protein(s) were then added to the
shuttle agents and, if necessary, sterile PBS or cell culture medium (serum-free) was added to obtain the desired concentrations of
shuttle agent and cargo in a sufficient final volume to resuspend the cells (e.g., 10 to 100 pL per well in a 96-well plate). The shuttle
agent/cargo mixture was then immediately used for experiments. At least three controls were included for each experiment, including:
(1) shuttle agent alone (e.g., at highest concentration tested); (2) cargo alone; and (3) without any cargo or shutfle agent. The cells
were centrifuged for 2 minutes at 400g, the medium was then removed and the cells were resuspended in PBS previously warmed
at 37°C. The cells were centrifuged again 2 minutes at 400g, the PBS removed, and the cells were resuspended in the shuttle
agent/cargo mixture. After the desired incubation time, 100 uL of complete medium was added directly on the cells. Cells were
centrifuged for 2 minutes at 400g and the medium was removed. The pellet was resuspended and washed in 200 pL of PBS
previously warmed at 37°C. After another centrifugation, the PBS was removed and the cells were resuspended in 100 pL of
complete medium. The last two steps were repeated one time before analysis.

9.2 GFP-NLS transduction by His-CM18-PTD4 in HeLa cells using Protocol A or B: Flow cytometry
To compare the effects of different protocols on shuttle agent transduction efficiency, HelLa cells were cultured and tested
in the protein transduction assays using Protocol A or B as described in Example 9.1. Briefly, GFP-NLS recombinant protein (5 puM;
see Example 5.1) was co-incubated with 10 uM of His-CM18-PTD4 and exposed to Hela cells for 1 hour using Protocol A, or was
co-incubated with 35 uM of His-CM18-PTD4 and exposed to Hel a cells for 10 seconds using Protocol B. The cells were subjected
to flow cytomelry analysis as described in Example 3.3. Results are shown in Table 9.1 and Figure 22A. (‘Pos cells (%)’ is the
percentage of cells emanating a GFP signal).
Table 9.1: Comparison of Protein Transduction Protocols A and B: Data from Figure 22A

Conc. of Conc. of Mean % cells with

Cell viability (%)

Protocol Cells shuttle GFP-NLS GFP signal Y
(uM) (M) (£StDev.n=3) StDevin=3)
B None (“Ctrl") Hela 0 5 0.53 + 0.07 100
A His-CM18-PTD4 Hel a 10 5 254+ 36 96.4+27
B His-CM18-PTD4 Hela 35 5 78353 94604

The above results show that higher protein transduction efficiency for the cargo GFP-NLS using the shuttle agent His-

CM18-PTD4 was obtained using Protocol B, as compared to Protocol A,

9.3 GFP-NLS transduction by His-CM18-PTD4 in HeLa cells using Protocol B: Flow cytometry

A dose response experiment was performed to evaluate the effect of His-CM18-PTD4 concentration on protein fransduction
efficiency. Hela cells were cultured and tested in the protein transduction assay described in Protocol B of Example 9.1. Briefly,
GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 0, 50, 35, 25, or 10 pM of His-CM18-PTD4, and
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then exposed to Hela cells for 10 seconds. The cells were subjected to flow cytometry analysis as described in Example 3.3. Results

are shown in Table 9.2 and Figure 22B.
Table 9.2: Dose response of shuttle agent using Protocol B; Data from Figure 22B

Conc. of Conc. of Mean % cells with

Cell viability (%)

Protocol Shuttle Cells shuttle GFP-NLS GFP signal L
(M) (M)  (£StDev.n=3) & StDev;n=3)
None (“Ctri") 0 5 013+ 0.1 100 £ 0
50 5 732+52 69.2+ 27
B . Hela 35 5 77778 796+ 59
His-CM18-PTD4 25 5 621+ 6.1 953437
10 5 253+ 36 96.3+23

The above results show that His-CM18-PTD4 is able to increase GFP-NLS transduction efficiency in HeLa cells in a dose-
dependent manner.

9.4 GFP-NLS transduction by His-CM18-PTD4 in HeLa cells using Protocol B: Visualization by microscopy

GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 35 uM of His-CM18-PTD4, and then
exposed fo Hel a cells for 10 seconds using Protocol B as described in Example 9.1. The cells were then subjected to fluorescence
microscopy analysis as described in Examples 3.2 and 3.2a.

For the sample results shown in Figures 23 and 24, GFP fluorescence of the Hel a cells was immediately visualized by
bright field and fluorescence microscopy at 4x, 20x and 40x magnifications after the final washing step.

In Figure 23, the upper panels in Fig. 23A, 23B and 23C show nuclei labelling (DAPI) at 4x, 20x and 40x magnifications,
respectively, while the lower panels show corresponding GFP-NLS fluorescence. In Fig. 23C, white friangle windows indicate
examples of areas of co-labelling between nuclei (DAPI) and GFP-NLS signals. In Fig. 23D, the upper and bottom panels show
sample bright field images of the HeLa cells, and the middle panel shows the results of a corresponding FACS analysis (performed
as described in Example 3.3), which indicates the percentage of cells in a 96-plate with a GFP signal. No significant GFP
fluorescence was observed in negative control samples (i.e., cells exposed to GFP-NLS without any shuttle agent; data not shown).

Figure 24 shows bright field (Fig. 24A) and fluorescent images (Fig. 24B). The inset in Fig. 24B shows the results of a
corresponding FACS analysis (performed as described in Example 3.3), which indicates the percentage of cells in a 96-plate well
with a GFP signal. No significant GFP fluorescence was observed in negative control samples (i.e., cells exposed to GFP-NLS
without any shuttle agent, data not shown).

For the sample results shown in Figure 285, the Hel a cells were fixed, permeabilized and subjected to immuno-labelling as
described in Example 3.2a before visualization by fluorescence microscopy as described in Example 3.2. GFP-NLS was labelled
using a primary mouse moncclonal anti-GFP antibody (Feldan, #A017) and a secondary goat anti-mouse Alexa™-594 antibody
(Abcam #150116). The upper panels in Figures 25A and 25B show nuclei labelling (DAPI), and the lower panels show
corresponding labelling for GFP-NLS. Figures 25A and 25B show sample images at 20x and 40x magnifications, respectively.
White triangle windows indicate examples of areas of co-labelling between nuclei and GFP-NLS. No significant GFP-NLS labelling
was observed in negative control samples (i.e., cells exposed to GFP-NLS without any shuttle agent; data not shown).

Figure 26 shows sample images captured with confocal microscopy at 63x magnification of living cells. Fig. 26A shows a
bright field image, while Fig. 26B shows the corresponding fluorescent GFP-NLS. Fig. 26C is an overlay between the images in
Fig. 26A and Fig. 26B. No significant GFP-NLS fluorescence was observed in negative control samples (i.e., cells exposed to GFP-
NLS without any shuttle agent; data not shown).
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94a  FTIC-abeled anti-tubulin antibody transduction by His-CM18-PTD4 in HelLa cells using Protocol B: Visualization
by microscopy

FITC-labeled anti-tubulin antibody (0.5 uM; Abcam, ab64503) was co-incubated with 50 UM of His-CM18-PTD4, and then
exposed o Hel a cells for 10 seconds using Protocol B as described in Example 9.1. The cells were then subjected to fluorescence
microscopy analysis as described in Examples 3.2 and 3.2a, wherein the FITC fluorescence of the anti-tubulin antibody in the Hela
cells was immediately visualized by bright field and fluorescence microscopy at 20x magnification after the final washing step. Sample
results are shown in Figures 24C and 24D. No significant FITC fluorescence was observed in negative control samples (i.e., cells
exposed to the FITC-abeled anti-tubulin antibody without any shuttle agent; data not shown).

Overall, the results in Examples 9.4 and 9.4a show that GFP-NLS and FITC-labeled anti-tubulin antibody cargos are
successfully transduced and delivered to the nucleus and/or the cytosol of Hel a cells in the presence of the shuttle agent His-CM18-
PTD4.

9.5 GFP-NLS kinetic transduction by His-CM18-PTD4 in Hela cells: Visualization by microscopy

GFP-NLS recombinant protein (5 UM; see Example 5.1) was co-incubated with 50 pM of His-CM18-PTD4, and then
exposed to Hel a cells for 10 seconds using Protocol B as described in Example 9.1. After a washing step, the GFP fluorescence of
the Hela cells was immediately visualized by fluorescence microscopy (Example 3.2) at 20x magnification after different intervals
of time. Typical results are shown in Figure 27, in which fluorescence microscopy images were captured after 45, 75, 100, and 120
seconds (see Fig. 27A, 27B, 27C and 27D, respectively).

As shown in Figure 27A, diffuse cellular GFP fluorescence was generally observed after 45 seconds, with areas of lower
GFP fluorescence in the nucleus in many cells. These results suggest predominantly cytoplasmic and low nuclear distribution of the
GPF-NLS delivered intracellularly via the shuttle agent after 45 seconds. Figures 27B-27D show the gradual redistribution of GFP
fluorescence to the cell nuclei at 75 seconds (Fig. 27B), 100 seconds (Fig. 27 C), and 120 seconds (Fig. 27D) following exposure
to the His-CM18-PTD4 shuttle agent and GFP-NLS cargo. No significant cellular GFP fluorescence was observed in negative control
samples (i.e., cells exposed to GFP-NLS without any shuttle agent; data not shown).

The results in Example 9.5 show that GFP-NLS is successfully delivered to the nucleus of HelLa cells in the presence of
the shuttle agent His-CM18-PTD4 by 2 minutes.

9.6 GFP-NLS and mCherry™-NLS co-transduction by His-CM18-PTD4 in HeLa cells: Visualization by microscopy
mCherry™-NLS recombinant protein was constructed, expressed and purified from a bacterial expression system as

described in Example 1.4. The sequence of the mChemry™-NLS recombinant protein was:
MHHHHHHGGGGSGGGGSGGASTGIRMVSKCEEDNMAT I KEFMRFKVHMEGSVNGHEFEI EGEGEGRPYEG
TOTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADI PDYLKLS FPEGFKWERVMNFEDGGVVTVTQD
SSLQDGEFIYKVKLRGTNFPSDGQVMOKKTMGWEAS SERMYPEDGALKGEI KQRLKLKDGGHY DAEVKTT
YKAKKPVQLPGAYNVNIKLDITSHNEDYTIVEQYERAEGRHS TGGMDELYKGGSGGGSGGGSGWIRASSG
GRS SDDEATADSQHAAPPKKKRKVGGSGGGSGGGSGGGRGTEIS [SEQ ID NO: 73]

(MW =34.71 kDa; pl = 6.68)

NLS sequence is underlined

Serinelglycine rich linkers are in bold

GFP-NLS recombinant protein (5 pM; see Example 5.1) and mCherry™-NLS recombinant protein (5 M) were co-
incubated together with 35 UM of His-CM18-PTD4, and then exposed to Hela cells for 10 seconds using Protocol B as described
in Example 9.1. After washing steps, the cells were immediately visualized by bright field and fluorescence microscopy at 20x
magnifications as described in Example 3.2, Sample results are shown in Figure 28, in which corresponding images showing bright
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field (Fig. 28A), DAP! fluorescence (Fig. 28B), GFP-NLS fluorescence (Fig. 28C), and mCherry™-NLS fluorescence (Fig. 28D) are
shown. White triangle windows indicate examples of areas of co-labelling between GFP-NLS and mCherry™ fluorescence signals
in cell nuclei. No significant cellular GFP or mCherry™ fluorescence was observed in negative control samples (i.e., cells exposed
to GFP-NLS or mCherry™ without any shuttle agent; data not shown).

These results show that GFP-NLS and mCherry™-NLS are successfully delivered together to the nucleus in HelLa cells in
the presence of the shuttle agent His-CM18-PTDA4,

9.7 GFP-NLS transduction by His-CM18-PTD4 in THP-1 suspension cells: Flow cytometry
The ability of the His-CM18-PTD4 to deliver GFP-NLS in the nuclei of suspension cells wes tested using THP-1 cells. THP-
1 cells were cultured and tested in the protein transduction assays using Protocols A and C as described in Example 9.1. GFP-NLS
(6 uM; see Example 5.1) was co-incubated with 1 pM of His-CM18-PTD4 and exposed to THP-1 cells for 1 hour (Protocol A), or
was co-incubated with 5 uM of His-CM18-PTD4 and exposed to THP-1 cells for 15 seconds (Protocol C). The cells were subjected
to flow cytometry analysis as described in Example 3.3. Results are shown in Table 9.3 and in Figure 31.
Table 9.3: Data from Figure 31

Conc. of Conc. of Mean % cells with

Cell viability (%)

Protocol Shuttle Cells shuttle GFP-NLS GFP signal sy
(M) (M)  (tStDev:n=3) (& StDev.n=3)
C No shuttle (“Ctrl") 0 5 0.2+0.03 99.1+07
A His-CM18-PTD4 THP-1 1 5 142+ 2.2 96.9 + 36
. 05 5 349+ 38 821+27
¢ His-Ch18-PTD4 5 5 641+ 16 64.04.1

9.8 GFP-NLS transduction by His-CM18-PTD4 in THP-1 cells: Visualization by microscopy

GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 5 pM of His-CM18-PTD4, and then
exposed o THP-1 cells for 15 seconds using Protocol C as described in Example 9.1. The cells were subjected to microscopy
visualization as described in Example 3.2,

For the sample results shown in Figure 32, GFP fluorescence of the Hel a cells was immediately visualized by bright field
(upper panels) and fluorescence (lower panels) microscopy at 4x, 10x and 40x magnifications (Fig. 32A-32C, respectively) after the
final washing step. White triangle windows in Fig. 32C indicate examples of areas of co-abelling between bright field and
fluorescence images. Fig. 32D shows typical results of a corresponding FACS analysis (performed as described in Example 3.3),
which indicates the percentage of cells in a 96-plate well with a GFP signal. Additional results are shown in Figure 33, in which Fig.
33A and 33B show bright field images, and Fig. 33C and 33D show corresponding fluorescence images. White triangle windows
indicate examples of areas of co-labelling between Fig. 33A and 33C, as well as Fig. 33B and 33D. The right-most panel shows
typical results of a corresponding FACS analysis (performed as described in Example 3.3), which indicates the percentage of cells
in a 96-plate well with a GFP signal.

No significant cellular GFP fluorescence was observed in negative control samples (i.e., cells exposed to GFP-NLS without
any shuttle agent; data not shown).

The results in this example show that GFP-NLS is successfully delivered intracellularly in THP-1 cells in the presence of
the shuttle agent His-CM18-PTD4.

Example 10:
Different multi-domain shuttle agents, but not single-domain peptides, successfully transduce GFP-NLS in HeLa and
THP-1 cells
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101 GFP-NLS transduction by different shuttle agents in HeLa cells: Flow cytometry

Hela cells were cultured and tested in the protein transduction assays using Protocol B as described in Example 9.1,
Briefly, GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 50 uM of different shuttle agents and
exposed to the Hela cells for 10 seconds. The cells were subjected to flow cytometry analysis as described in Example 3.3. Results
are shown in Table 10.1 and Figure 29A. “Pos cells (%)" is the mean percentages of all cells that emanate a GFP signal. The
negative control (“Ctrl") coresponds to cells that were incubated with GFP-NLS recombinant protein (5 uM) without any shuttle

agent.
Table 10.1: Data from Figure 29A

Mean % cells with
GFP signal
(£ St. Dev.; n=3)

Conc. of
GFP-NLS

(M)

Conc. of
shuttle

(uM)

Cell viability (%)

Cells (£ St. Dev.; n=3)

Protocol

Shuttle agent

No shuttle (“ctrl”) Hela 0 0 100

His-CM18-TAT Hela 55.5+36 352+57
Tranl-s";;(r:tlzlgi:l'PT) HeLa 332428 413433
TAT-KALA HelLa 56.3+£36 95.6 +4.3

B His-CM18-PTD4 Hela 50 5 68+22 92+36
His-CM18-9Arg Hela §5712+39 458+ 54

TAT-CM18 HelLa 39.4+£39 23.5+1.1

His-C(LLKK)sC-PTD4 | Hela 76 +38 95+27

His-LAH4-PTD4 Hela 63 + 1.64 98+1.5
PTD4-KALA Hela 73.4+412 914 £ 367

* His-LAH4-PTD4: the intracellular GFP fluorescence pattern was observed by fluorescence microscopy as being punctate,
suggesting that the GFP cargo remained trapped in endosomes.

10.2  GFP-NLS transduction by different shuttle agents with varying incubation times in HeLa cells: Flow cytometry

Hela cells were cultured and tested in the protein transduction assays using Protocol B as described in Example 9.1,
Briefly, GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 10 uM of TAT-KALA, His-CM18-PTD4, or
His-C(LLKK):C-PTD4 for 1, 2, or & minutes. After the final washing step, the cells were subjected to flow cytomelry analysis as
described in Example 3.3. Results are shown in Table 10.2 and Figure 29B. “Pos cells (%)’ is the mean percentages of all cells
that emanate a GFP signal. The negative control (“Ctrl") corresponds to cells that were incubated with GFP-NLS recombinant protein

(6 pM) without any shuttle agent.

Table 10.2; Data from Figure 29B

Mean % cells with
GFP signal
( St. Dev.; n=3)

Conc. of
shuttle

(HM)

Incubation
time

Cell viability (%)

Cells (* St. Dev,; n=3)

Protocol

Shuttle agent

- No shuttle (“Ctrl”) Hel a 0 5min, 0+n/a 97.5+1.7
1 min. 83.7+35 93.5+27

TAT-KALA Hela 10 2 min. 86.2+4.3 921+ 31

B 5min. 68.1+3.0 86 + 4.4
1 min. 50.6 £ 3.5 97627
His-CM18-PTD4 Hela 10 2 min. 74+ 33 80932
5min. 82.7+50 66.2+ 44
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1 min. M1+35 99.5+27
His-C(LLKK)sC-PTD4 | Hela 10 2 min. 778+43 943+32
5min. 86.4+40 80.8+44

10.3  GFP-NLS transduction by TAT-KALA, His-CM18-PTD4 and His-C(LLKK);C-PTD4 with varying incubation times in
Hela cells: Flow cytometry

Hela cells were cultured and tested in the protein transduction assays using Protocol C as described in Example 9.1,
Briefly, GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 5 uM of TAT-KALA, His-CM18-PTD4, or
His-C(LLKK):C-PTD4 for 1, 2, or 5 minutes. After the final washing step, the cells were subjected to flow cytomelry analysis as
described in Example 3.3. Results are shown in Table 10.3 and Figure 29C. The negative control (“Ctrl") corresponds to cells that

were incubated with GFP-NLS recombinant protein (5 uM) without any shuttle agent.
Table 10.3: Data from Figure 29C

Conc. of . Relative
Protocol Shuttle agent Cells shuttle Incu_batlon . ﬂuor_escence
(uM) time mtensmi (FL1-A)
(n=3)
No shuttle (“Ctd") 0 5min. 8903 501
1 min. 216 367 13 863.48
TAT-KALA Hela 10 2 min. 506 158 14 536.28
5 min. 78010 2 463.96
1 min. 524 151 12 366.48
c His-CM18-PTD4 Hela 10 2 min. 755624 26 933.16
5 min. 173930 15 567.33
1 min. 208 968 23669.19
His-C(LLKK)sC-PTD4 | Hela 10 2 min. 262 411.5 19 836.84
5min. 129 890 16 693.29

104  GFP-NLS transduction by different shuttle agents in HeLa cells: Flow cytometry

Hela cells were cultured and tested in the protein transduction assays using Protocol B as described in Example 9.1,
Briefly, GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 50 UM of different shuttle agents (see Table
1.3 for amino acid sequences and properties) and exposed to the Hela cells for 10 seconds. The cells were subjected to flow
cytometry analysis as described in Example 3.3. Results are shown in Tables 10.3a & 10.3b and Figure 29E & 29F. “Pos cells (%)’
is the mean percentages of all cells that emanate a GFP signal. The negative control (“Ctrl") corresponds to cells that were incubated

with GFP-NLS recombinant protein (5 uM) without any shuttle agent.
Table 10.3a; Data from Figure 29E

Conc. of Conc. of Mean % cells with

s?r?,TEJ?e Shuttle agent shutle  GFP-NLS GFP signal (Cfgt"'sgc'?yn(:/;;
(uMV) (M) (£ St. Dev.; n=3) - ?
i No shuttle (“Ctrl") 0 5 0 100
VSVG-PTD4 352 1] 100
ELD-CPD EB1-PTD4 50 5 758 +8.26 39+56
JST-PTD4 084 + 0,69 989 + 0,57
His-ELD-CPD | _His-C(LLKK);C.PTD4 50 5 7638 95227
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His-LAH4-PTD4* 63 + 1.64 98+1.5
His-CM18-PTD4 68+22 92+36

His-CM18-TAT 55.5 £ 36 35257

His-CM18-TAT-Cys** 49.3 + 4.1 4.4+ 331

His-CM18-9Arg 57.2£393 45.8 + 3.53

His-CM18-Transportan
(TPT) 332+£282 M.3+328

* His-L AH4-PTD4: the intracellular GFP fluorescence pattern was observed by fluorescence microscopy as being punctate,
suggesting that the GFP cargo remained trapped in endosomes.
** Not shown in Figure 29E.

5 Table 10.3b: Data from Figure 29F
. Conc. of Conc.of  Mean % cells with o
s?r‘l’::;::‘e Shuttle agent shutfle  GFP-NLS GFP signal :ieg;"ggc'?yn(:/;g
(M) (M) (+ St. Dev.; n=3) -
- No shuttle (“Ctrl”) 0 0 100
TAT-CM18 39.4+39 235+ 1.1
TAT-KALA 56.3+ 36 95.6 + 4.3
PTD4-KALA 734412 91.4 + 367
CPD-ELD 9Arg-KALA 50 78+153 62.8 + 5.11
Pep1-KALA 17.2+ 3.07 94.7+ 377
Xentry-KALA 19.4 + 1.01 98.3 £0.64
SynB3-KALA 14.3+2.37 911 +0.82

Hela cells were cultured and tested in the protein transduction assays using Protocol B as described in Example 9.1,
Briefly, GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 10 uM of TAT-KALA, His-CM18-PTD4, or
His-C(LLKK):C-PTD4 for 1, 2, or & minutes. After the final washing step, the cells were subjected to flow cytometry analysis as
10 described in Example 3.3. Results are shown in Tables 10.3¢ & 10.3b and Figure 29G and 29H. “Pos cells (%)’ is the mean
percentages of all cells that emanate a GFP signal. The negative control (“Ctrl”) corresponds to cells that were incubated with GFP-

NLS recombinant protein (5 uM) without any shuttle agent.

Table 10.3¢; Data from Figure 29G

Domain Conc.of Conc.of Incubation Mean % cells Cell ‘(Io'/a)b'hty
Shuttle agent shuttle  GFP-NLS time with GFP signal no
structure . e (+ St. Dev.,;
(M) (HM) (min) (£ St. Dev.; n=3) n=3)
- No shuttle (“Ctrl”) 0 5 5 0+n/a 98309
1 64.6 +4.3 96.2+ 3.0
CPD-ELD PTD4-KALA 10 5 2 78.8 + 36 763+38
5 7114+42 82447
1 76.3+ 35 61.7+2.7
ELD-CPD EB1-PTD4 10 5 2 79.0+ 33 566+ 3.2
5 711+50 558+44
His-ELD-CPD- . . 1 68.6 + 35 68127
His His-CM18-PTD4-His | 10 S 2 741 £43 616 3.2
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l I I | 5 | 508+40 | #412:44 |

Domain Conc.of Conc. of Incubation time Relative Fluorescence
structure Shuttle agent shuttle  GFP-NLS (min) Intensity (FL1-A)
(M) (M) (£ St. Dev.; n=3)

- No shuttle (“Ctrl”) 0 5 5 8903 + 501.37

1 190 287 + 9445
CPD-ELD PTD4-KALA 10 5 2 386480 + 17 229
5 241230+ 14229
1 178 000 + 11 934
ELD-CPD EB1-PTD4 10 5 2 277476 + 25319
5 376 555+ 16075
, 1 204 338 + 22673
H'S'EthPD' His-CM18-PTD4-His 10 5 2 307 329+ 19618
5 619964 + 17 411

The shuttle agent CM18-PTD4 was used as a model to demonstrate the modular nature of the individual protein domains,
as well as their ability to be modified. More particularly, the presence or absence of; an N-terminal cysteine residue (‘Cys"); different
flexible linkers between the ELD and CPD domains (‘L1"; GGS; “L2"; GGSGGGS; and “L3" GGSGGGSGGGS) and different
lengths, positions, and variants to histidine-rich domains; were studied.

Hela cells were cultured and tested in the protein transduction assays using Protocol B as described in Example 9.1,
Briefly, GFP-NLS recombinant protein (5 pM; see Example 5.1) was co-incubated with 20 uM of different shuttle peptide variants
(see Table 1.3 for amino acid sequences and properties) of the shuttle agent His-CM18-PTD4 for 1 minute. After the final washing
step, the cells were subjected to flow cytometry analysis as described in Example 3.3. Results are shown in Table 10.3e and Figure
291, "Pos cells (%)’ is the mean percentages of all cells that emanate a GFP signal. The negative control (“Ctrl") corresponds to cells
that were incubated with GFP-NLS recombinant protein (5 M) without any shuttle agent.

Table 10.3e; Data from Figure 29I
Conc.of  Conc. of Mean % cells with

Cell viability (%)

Domain structure Shuttle agent shutle =~ GFP-NLS GFP signal i
(M) (LM) (£ St Dev.n=3) (= StDev;n=3)

- No shuttle (“Ctrl”) 0 5 0 996+0.12
CM18-PTD4 476+ 26 339+37

Cys-CM18-PTD4 36.6 £+ 2.3 78.7 3.1

ELD-CPD CM18-L1-PTD4 20 5 485+ 30 50138
CM18-L2-PTD4 455165 64.0 1.3

CM18-L3-PTD4 39.0£27 71.9+6.0

His-CM18-PTD4 60.3+ 3.2 81.6 4.5

His-CM18-PTD4-6Cys 41.3+4.28 62 + 576

Met-His-CM18-PTD4-

His-ELD-CPD Cys 20 5 456+ 383 549 + 345
3His-CM18-PTD4 39405 39.2+£33

12His-CM18-PTD4 36.9+43 33443

HA-CM18-PTD4 423+42 68.3 = 4.1
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3HA-CM18-PTD4 372+ 39 43.6+28
ELD-His-CPD CM18-His-PTD4 20 61.7+18 57742
His-ELD-CPD-His | His-CM18-PTD4-His 20 68.0+60 786+ 1.1

These results show that variations in a given shuttle (e.g., CM18-PTD4) may be used to modulate the degree of fransduction
efficiency and cell viability of the given shuttle. More particularly, the addition of an N-terminal cysteine residue to CM18-PTD4 (see
Cys-CM18-PTD4), decreased GFP-NLS ftransduction efficiency by 11% (from 47.6% to 36.6%), but increased cell viability from
33.9% to 78.7%. Infroduction of flexible linker domains (L1, L2, and L3) of different lengths between the CM18 and PTD4 domains
did not result in a dramatic loss of transduction efficiency, but increased cell viability (see CM18-L.1-PTD4, CM18-.2-PTD4, and
CM18-L3-PTD4). Finally, variations to the amino acid sequences andfor positions of the histidine-rich domain(s) did not result in a
complete loss of transduction efficiency and call viability of His-CM18-PTD4 (see 3His-CM18-PTD4, 12His-CM18-PTD4, HA-CM18-
PTD4, 3HA-CM18-PTD4, CM18-His-PTD4, and His-CM18-PTD4-His). Of note, adding a second histidine-rich domain at the C
terminus of His-CM18-PTD4 (i.e., His-CM18-PTD4-His) increased transduction efficiency from 60% to 68% with similar cell viability.

10.5  Lack of GFP-NLS transduction by single-domain peptides or a His-CPD peptide in HeLa cells: Flow cytometry

Hela cells were cultured and tested in the protein transduction assays using Protocol B as described in Example 9.1,
Briefly, GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 50 uM of different single-domain peptides
(TAT; PTD4; Penetratin; CM18; C(LLKK)sC; KALA) or the two-domain peptide His-PTD4 (lacking an ELD), and exposed to the Hela
cells for 10 seconds. After the final washing step, the cells were subjected to flow cytometry analysis as described in Example 3.3.
Results are shown in Table 10.4 and Figure 29D. “Pos cells (%)’ is the mean percentages of all cells that emanate a GFP signal.
The negative control (“Ctrl") corresponds to cells that were incubated with GFP-NLS recombinant protein (5 M) without any single-
domain peptide or shuttle agent.

Table 10.4: Data from Figure 29D

Sinale-domain Conc.of  Conc. of Mean % cells Cell \(’ol/a)blhty
Protocol Domain ge tide Cells shuttle GFP-NLS  with GFP signal (+ St oDev )
pep (1M) (M) (EStDevin=y) T
No peptide
- (“ctr”) Hela 0 5 0.1+0.02 98.3+ 059
TAT 11+027 94.6+044
CPD Pe:lt?:tin Hel 50 5 1.1+ 0.06 94+45
B (Pen) 3.6+0.1 96+ 06
CM18 29+02 95+12
ELD C(LLKK)sC Hela 50 5 11057 61.8 £ 0.1
KALA 1.4+0.13 84+07
His-CPD His-PTD4 Hela 50 5 1.04+0.12 96.5+ 028

These results show that the single-domain peptides TAT, PTD4, Penetratin, CM18, C(LLKK)sC, KALA, or the two-domain
peptide His-PTD4 (lacking an ELD), are not able to successfully transduce GFP-NLS in HelLa cells.

80



10

15

20

25

WO 2018/068135 PCT/CA2017/051205

10.6  GFP-NLS transduction by TAT-KALA, His-CM18-PTD4, His-C(LLKK):C-PTD4, PTD4-KALA, EB1-PTD4, and His-
CM18-PTD4-His in HelLa cells: Visualization by microscopy

GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 50 uM of shuttle agent, and then exposed
to Hel a cells for 10 seconds using Protocol B as described in Example 9.1. The cells were visualized by microscopy as described
in Example 3.2, after an incubation time of 2 minutes.

For the sample results shown in Figure 30, GFP fluorescence of the Hel a cells was immediately visualized by bright field
(bottom row panels) and fluorescence (upper and middle row panels) microscopy at 20x or 40x magnifications after the final washing
step. The results with the shuttle agents TAT-KALA, His-CM18-PTD4, and His-C(LLKK)sC-PTD4 are shown in Fig. 30A, 30B and
30C, respectively. The results with the shuttle agents PTD4-KALA, EB1-PTD4, and His-CM18-PTD4-His are shown in Fig. 30D,
30E and 30F, respectively. The insets in the bottom row panels show the results of corresponding FACS analyses (performed as
described in Example 3.3), which indicates the percentage of cells in a 96-plate well with a GFP signal. No significant cellular GFP
fluorescence was observed in negative control samples (i.e., cells exposed to GFP-NLS without any shuttle agent; data not shown).

10.7  GFP-NLS transduction by TAT-KALA, His-CM18-PTD4 and His-C({LLKK);C-PTD4 with varying incubation times in
THP-1 cells: Flow cytometry

THP-1 cells were cultured and tested in the protein transduction assays using Protocol C as described in Example 9.1.
Briefly, GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 1 uM of TAT-KALA, His-CM18-PTD4, or
His-C(LLKK):C-PTD4 for 15, 30, 60, or 120 seconds. After the final washing step, the cells were subjected to flow cytometry analysis
as described in Example 3.3. The mean percentages of cells emanating a GFP signal (‘Pos cells (%)”) are shown in Table 10.4a
and in Figure 34A. The mean fluorescence intengity is shown in Table 10.5 and Figure 34B. The negative control (“Ctrl")
corresponds to cells that were incubated with GFP-NLS recombinant protein (5 uM) without any shuttle agent.

Table 10.4a; Data from Figure 34A

o Cell viability
. Incubation Mean % cells (%)
Protocol Shuttle agent Cells . with GFP signal .
time (sec.) e ( St. Dev.;
(£ St. Dev.; n=3) -
h=3)
No shuttle (“Ctrl”) | THP-1 0 5 120 112027 97.3+£1.55
15 47 +35 84627
30 529+13 703+32
TAT-KALA THP-1 1 > 60 70.1+20 82.7+1.4
120 82.1+25 463+ 4.9
c 15 23.7+02 90+ 30
. 30 53203 89+ 1.1
His-CM18-PTD4 | THP-1 1 5 50 59.6 £ 42 853236
120 89+0.8 743+ 32
15 38403 85.2+28
His-C(LLKK)sC- THP-1 1 5 30 423+42 86+20
PTD4 i 60 64.5+10 86.9+38
120 78.7£0.3 79.6 + 2.8

Table 10.5; Data from Figure 34B
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Conc. of Relative
) Incubation fluorescence Standard
Protocol Shuttle agent Cells S{' ultnt;e time (sec.) intensity (FL1-A) Deviation
H )
No shuttle (“Ctrl”) THP-1 0 120 217 23.09
15 645512 333.48
30 8106.81 436.28
TAT-KALA THP-1 1 80 132862 1639
120 27 464.92 2 366.48
c 15 5605.45 933.16
\ 30 25 076.41 5567.33
His-CM18-PTD4 THP-1 1 50 34.046.94 366919
120 55613.48 9836.84
15 547512 693.29
. 30 5755.8 635.18
His-C(LLKK)sC-PTD4 | THP-1 1 50 8267 % 23309
120 21 165.06 209.37
Example 11:

Repeated daily treatments with low concentrations of shuttle agent in the presence of serum results in GFP-NLS
transduction in THP-1 cells

111 GFP-NLS transduction with His-CM18-PTD4 or His-C(LLKK)3C-PTD4 in THP-1 cells: Flow cytometry

THP-1 cells were cultured and tested in the protein transduction assay using Protocol A as described in Example 9.1, but
with the following modifications. GFP-NLS recombinant protein (5, 2.5, or 1 uM; see Example 5.1) was co-incubated with 0.5 or 0.8
UM of His-CM18-PTD4, or with 0.8 uM of His-C(LLKK)sC-PTD4, and then exposed to THP-1 cells each day for 150 min in the
presence of cell culture medium containing serum. Cells were washed and subjected to flow cytometry analysis as described in
Example 3.3 after 1 or 3 days of repeated exposure to the shuttle agent/cargo. The results are shown in Table 11.1 and in Figure
35A, 35B, 35C and 35F. The negative control (“Ctrl") corresponds to cells that were incubated with GFP-NLS recombinant protein

(5 uM) without any shuttle agent.
Table 11.1: Data from Figure 35A, 35B, 35C and 35F

)
Conc.of Conc.of  Exposure to Mean % cells Cell viability (%)

Figure  Shuttle agent Cells shuttle GFP-NLS shuttlelcargo  with GFP signal

(uM) (uM) (days) (£ St Dev;n=3) (St Dev.;n=3)

No shuttle (Ctrl) 0 5 0 0.15 + 0.04 98.7 + 0.1

A | . THP-1 1 121215 98.2=24
His-CM18-PTD4 05 S 3 73411 843:38

No shuttle (Ctrl) 0 5 0 0.36 + 0.0 971212

3B | . THP-1 1 12.2+09 923+19
His-CVI18-PTD4 08 25 3 YR YIOL

No shuttle (Ctrl) 0 5 0 0.28 + 0.05 96.4+ 2.0

35C | . THP-1 1 16202 98.4=64
His-CM18-PTD4 08 1 3 £5 06 505 4¢

No shuttle (Ctrl) 0 5 0 0.62 £ 0.11 96.3= 1.4

35F | His-C(LLKKRC- | THP-1 [ 1 1 18202 972:22
PTD4 ' 3 6.6 + 0.8 76.6 + 3.4
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The viability of THP-1 cells repeatedly exposed to His-=CM18-PTD4 and GFP-NLS was determined as described in
Example 3.3a. The resLits are shown in Tables 11.2 and 11.3 and in Figure 35D and 35E. The results in Table 11.2 and Figure
35D show the metabolic activity index of the THP-1 cells after 1, 2, 4, and 24h, and the results in Table 11.3 and Figure 35E show
the metabolic activity index of the THP-1 cells after 1 to 4 days.

Table 11.2; Data from Figure 35D

Mean metabolic activity index
(£ St. Dev.; n=3)
(Exposure to shuttle/cargo)

2h 4h
40810 + 38223 + 44058 + 42362 +
757.39 238.66 320.23 333.80
9974 + 9707 + 3619 = 2559 +
1749.85 1259.82 224754 528.50
42915 + 41386 = 44806 43112
259.67 670.66 824.71 634.56

Conc.of  Conc. of

Shuttle agent shuttle ~ GFP-NLS
(LM) (uM)

No shuttle (Ctrl) THP-1 0 5

His-CM18-PTD4 THP-1

Table 11.3: Data from Figure 35E

Mean metabolic activity index

Conc.of  Conc. of

(t St. Dev.; n=3)
Shuttle agent Cells s?ul\tlfl)e GI;P;\I/I\I)LS (Exposure to shuttle/cargo)

H H 1day 2 days 3days 4 days
44684+ | 43389+ | 45312z 43697 +

No shuttle (Ctrl) | THP-1 0 5 283.27 642.47 963.40 1233
05 . M665+ | 42664+ | 43927+ 43919 +
: 3103 398.46 3511.54 4452 25
. 44531+ | 43667+ | 44586+ 44122 +
His-CN18-PTD4 [ THP-1 08 5 17666 | 42166 | 30368 230.98
1 : 41386+ | 36422+ | 27965= 22564 +
670.66 495,01 165,33 931.28

The results in Example 11 show that repeated daily (or chronic) freatments with relatively low concentrations of His-CM18-
PTD4 or His-C(LLKK)sC-PTD4 in the presence of serum result in intracellular delivery of GFP-NLS in THP-1 cells. The results also
suggest that the dosages of the shuttle agents and the cargo can be independently adjusted to improve cargo transduction efficiency
and/or cell viability.

Example 12:
His-CM18-PTD4 increases transduction efficiency and nuclear delivery of GFP-NLS in a plurality of cell lines

121 GFP-NLS transduction with His-CM18-PTD4 in different adherent & suspension cells: Flow cytometry

The ability of the shuttle agent His-CM18-PTD4 to deliver GFP-NLS to the nuclei of different adherent and suspension cells
using Protocols B (adherent cells) or C (suspension cells) as described in Example 9.1 was examined. The cell lines tested included:
Hel a, Balb3T3, HEK 293T, CHO, NIH3T3, Myoblasts, Jurkat, THP-1, CA46, and HT2 cells, which were cultured as described in
Example 1. GFP-NLS (5 pM; see Example 5.1) was co-incubated with 35 uM of His-=CM18-PTD4 and exposed to adherent cells
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for 10 seconds (Protocol B), or was co-incubated with 5 uM of His-CM18-PTD4 and exposed to suspension cells for 15 seconds
(Protocal C). Cells were washed and subjected to flow cytometry analysis as described in Example 3.3. Results are shown in Table

12.1 and Figure 36. “Pos cells (%)" is the mean percentages of all calls that emeanate a GFP signal.
Table 12.1: Data from Figure 36

Mean % cells
with GFP signal

Cong. of Conc. of
Shuttle agent Protocol shuttle GFP-NLS Cells

Cell viability (%)

(M) (M) (+ St Dev.n=3) & StDevin=3)
HeLa 723453 94.6 + 0.4
Balb3T3 402 3.1 98.4+06
HEK293T | 553202 95312
¥ CHO 537+ 46 92.8+ 0.1
. NIH3T3 354 +39 3354
His-C18-PTD4 Myoblasts 256+26 235+ 1.1
Jurkat 307+2.2 73.6+0.7
5 THP-1 641+ 16 641+ 45
CAZ6 24406 71610
HT? 30525 90615

122  GFP-NLS transduction with His-CM18-PTD4 in several adherent and suspension cells: visualization by
microscopy

GFP-NLS recombinant protein (5 uM; see Example 5.1) was co-incubated with 35 plM of His-CM18-PTD4 and exposed
to adherent cells for 10 seconds using Protocol A, or was co-incubated with & pM of His-CM18-PTD4 and exposed to suspension
cells for 15 seconds using Protocol B, as described in Example 9.1. After washing the cells, GFP fluorescence was visualized by
bright field and fluorescence microscopy. Sample images captured at 10x magnifications showing GFP flucrescence are shown for
293T (Fig. 37A), Balb3T3 (Fig. 37B), CHO (Fig. 37C), Myoblasts (Fig. 37D}, Jurkat (Fig. 37E), CA46 (Fig. 37F), HT2 (Fig. 37G),
and NIH3T3 (Fig. 37H) cells. The insets show corresponding flow cytometry results performed as described in Example 3.3,
indicating the percentage of GFP-NLS-positive cells. No significant cellular GFP fluorescence was observed in negative control
samples (i.e., cells exposed to GFP-NLS without any shuttle agent; data not shown).

Nuclear localization of the GFP-NLS was further confirmed in fixed and permeabilized myoblasts using cell immuno-
labelling as described in Example 3.2a. GFP-NLS was labeled using a primary mouse monoclonal anti-GFP antibody (Feldan,
#A017) and a secondary goat anti-mouse Alexa™-524 antibody (Abcam #150116). Nuclei were labelled with DAPI. Sample results
for primary human myoblast cells are shown in Figure 38, in which GFP immuno-labelling is shown in Fig. 38A, and an overlay of
the GFP immuno-labelling and DAPI labelling is shown in Fig. 38B. No significant cellular GFP labelling was observed in negative
control samples (i.e., cells exposed to GFP-NLS without any shuttle agent; data not shown).

The microscopy results revealed that GFP-NLS is successfully dslivered to the nucleus of all the tested cells using the
shuttle agent His-CM18-PTD4.

Example 13:
His-CM18-PTD4 enables transduction of a CRISPR/Cas9-NLS system and genome editing in Hela cells

131 Cas9-NLS recombinant protein
Cag9-NLS recombinant protein was constructed, expressed and purified from a bacterial expression system as described

in Example 1.4. The sequence of the Cas3-NLS recombinant protein produced was:
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MDKKYSIGLDIGTNSVGWAVITDEYKVPSKKFKVLGNTDRHS IKKNLIGALLFDSGETAEATRLKRTARRRYT
RRENRICYLOQEIFSNEMAKVDDSFFHRLEESFLVEEDKKHERHPIFGNIVDEVAYHEKYPTIYHLRKKLVDST
DKADLRLIYLATAHMIKFRGHFLIEGDLNPDNSDVDKLEFIQLVOTYNQLFEENPINASGVDAKATLSARLSKS
RRLENLTAQLPGEKKNGLEFGNLIALSLGLTPNFKSNEDLAEDAKIQLSKDTYDDDLDNLLAQI GDQYADLELA
ARKNLSDAILLSDILRVNTEITKAPLSASMIKRYDEHHODLTLLKALVROQOQLPEKYKEIFFDOSKNGYAGYIDG
GASQEEFYKFIKPILEKMDGTEELLVKLNREDLLRKOQRTEFDNGSIPHQIHLGELHAI LRRQEDEFYPFLKDNRE
KIEKILTFRIPYYVGPLARGNSRFAWMTRKSEETITPWNEEEVVDKGASAQS FIERMTNEDKNLPNEKVLPKH
SLLYEYFTVYNELTKVKYVTEGMRKPAFLSGEQKKATVDLLEFKTNRKVIVKQLKEDYFKKIECEDSVEISGVE
DRENASLGTYHDLLKITKDKDFLDNEENEDILEDIVLTLTLFEDREMIEERLKTYAHLEDDKVMKQLKRRRYT
GWGRLSRKLINGIRDKQSGKTILDEFLKSDGEANRNIFMOLIHNDDSLTFKEDIQKAQVSGOGDSLHEHTANLAGS
PATKKGILQTVKVVDELVKVMGRHKPENIVIEMARENQTTQKGOKNSRERMKRIEEGIKELGSQILKEHPVEN
TOLONEKLYLYYLONGRDMYVDQELDINRLSDYDVDHIVPQSFLKDDSIDNKVLTRSDKNRGKSDNVPSEEVV
KKMKNYWROLLNAKLITQRKFDNLTKAERGGLSELDKAGEFIKROLVETROQITKHVAQILDSRMNTKYDENDKL
IREVKVITLKSKLVSDERKDFQFYKVREINNYHHAHDAYINAVVGTALIKKYPKLESEFVYGDYKVYDVRKMI
AKSEQEIGKATAKYFEYSNIMNEFKTEITLANGEIRKRPLIETNGETGEIVWDKGRDFATVRKVLSMPOVNIV
KRTEVOTGGFSKESILPKRNSDKLIARKKDWDPKKYGGEDSPTVAY SVLVVAKVEKGKSKKLKSVKELLGITI
MERSSFEKNPIDFLEAKGYKEVKKDLI IKLPKYSLFELENGRKRMLASAGELQKGNELALPSKYVNFLYLASH
YEKLKGSPEDNEQKOLFVEQHKHYLDETITEQISEEFSKRVILADANLDKVLSAYNKHRDKPIREQAENTI THLET
LTNLGAPAAFKYEFDTTIDRKRYTSTKEVLDATLIHQSITGLYETRIDLSQLGGDGGRSSDDEATADSQHAAPP
KKKRKVGGSGGGSGGGSGGGRHHHHHH [SEQ ID NO: 74]

(MW =162.9 kDa; pl = 9.05)
NLS sequence is underlined
Serine/glycine rich linkers are in bold

13.2  Transfection plasmid surrogate assay

This assay enables one to visually identify cells that have been successfully delivered an active CRISPR/Cag9 complex.
As shown in Figure 39A, the assay involves fransfecting cells with an expression plasmid DNA 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 mCherry™ expression, but no GFP expression (Figure 39B). A CRISPR/Cas9 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™ (Figure 39D). Successful transduction of an active CRISPR/Cas9 complex results in the CRISPR/Cas?
complex cleaving the plasmid DNA at the STOP codon (Figure 39C). In a fraction of the cells, random non-homologous DNA repair
of the cleaved plasmid occurs and results in removal of the STOP codon, and thus GFP expression and fluorescence (Figure 39E).

On Day 1 of the fransfection plasmid surrogate assay, DNA plasmids for different experimental conditions (250 ng) are
diluted in DMEM (50 L) in separate sterile 1.5-mL tubes, vortexed and briefly centrifuged. In separate sterile 1.5-mL tubes,
Fastfect™ transfection reagent was diluted in DMEM (50 L) with no serum and no antibiotics at a ratio of 3;1 (3 L of Fastfect™
transfection reagent for 1 g of DNA) and then quickly vortexed and briefly centrifuged. The Fastfect™DMEM mixture was then
added to the DNA mix and quickly vortexed and briefly centrifuged. The Fastfect™/DMEM/DNA mixture is then incubated for 15-20
min at room temperature, before being added to the cells (100 uL per well). The cells are then incubated at 37°C and 5% CO; for
5h. The media is then changed for complete medium (with serum) and further incubated at 37°C and 5% CO2 for 24-48h. The cells
are then visualized under fluorescent microscopy to view the mCherry™ signal.

13.3  His-CM18-PTD4 - mediated CRISPR/Cas9-NLS system delivery and cleavage of plasmid DNA

RNAs (crRNA & tracrRNA) were designed to target a nucleotide sequence of the EMX1 gene, containing a STOP codon
between the mCherry™ and GFP coding sequences in the plasmid of Example 13.2. The sequences of the crRNA and tracrRNA
used were as follows;
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- cxrRNA [SEQ ID NO: 75]:
57" -GAGUCCGAGCAGAAGAAGAAGUUUUAGAGCUAUGCUGUUUUG-3'

- tracrRNA [SEQ ID NO: 76]:
5'"-AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGARAAAGUGGCACCGAGUCGGUGCU-3

Hela cells were cultured and subjected to the transfection plasmid surrogate assay as described in Example 13.2). On
Day 1, the Hel a cells were transfected with a plasmid surrogate encoding the mCherry™ protein as shown in Figure 39A. On Day
2, a mix of Cas3-NLS recombinant protein (2 uM; see Example 13.1) and RNAs (crRNA & tracrRNA; 2 uM; see above) were co-
incubated with 50 uM of His-CM18-PTD4, and the mixture (CRISPR/Cas9 complex) was exposed to HelLa cells for 10 seconds
using Protocol B as described in Example 9.1. Double-stranded plasmid DNA cleavage by the CRISPR/Cas9 complex at the STOP
codon between the mCherry™ and GFP coding sequences (Figure 39B), and subsequent non-homologous repair by the cell in
some cases results in removal of the STOP codon (Figure 39C), thereby allowing expression of both the mCherry™ and GFP
fluorescent proteins in the same cell on Day 3 (Figure 39D-39E). White triangle windows in Fig. 39D and 39E indicate examples of
areas of co-abelling between mCherry™ and GFP.

As a positive control for the CRISPR/Cas9-NLS system, Hela cells were cultured and co-transfected with three plasmids:
the plasmid surrogate (as described in Example 13.2) and other expression plasmids encoding the Cas9-NLS protein (Example
13.1) and the crRNA/tracrRNAs (Example 13.3). Typical fluorescence microscopy results are shown in Figure 40A-D. Panels A and
B show cells 24 hours post-transfection, while panels C and D show cells 72 hours post-transfection.

Figure 40E-40H shows the results of a parallel transfection plasmid surrogate assay performed using 35 uM of the shuttle
His-CM18-PTD4, as described for Figure 39. Fig. 40E and 40F show cells 24 hours post-transduction, while panels G and H show
cells 48 hours post-transduction. Fig. 40E and 40G show mCherry™ fluorescence, and Fig. 40F and 40H show GFP fluorescence,
the latter resulting from removal of the STOP codon by the fransduced CRISPR/CasS-NLS complex and subsequent non-
homologous repair by the cell. No significant cellular GFP fluorescence was observed in negative control samples (j.e., cells exposed
to CRISPR/Cas9-NLS complex without any shuttle agent; data not shown).

13.4  T7E1 assay

The T7 endonuclease | (T7E1) can be used to detect on-target CRISPR/Cas genome editing events in cultured cells. As
an overview, genomic DNA from target cells is amplified by PCR. The PCR products are then denatured and reannealed to allow
heteroduplex formation between wild-type DNA and CRISPR/Cas-mutated DNA. T7E1, which recognizes and cleaves mismatched
DNA, is used to digest the heteroduplexes. The resulting cleaved and full-length PCR products are visualized by gel electrophoresis.

The T7E1 assay was performed with the Edit-R™ Synthetic crRNA Positive Controls (Dharmacon #U-007000-05) and the
T7 Endonuclease | (NEB, Cat #M0302S). After the delivery of the CRISPR/Cas complex, cells were lysed in 100 pL of Phusion™
High-Fidelity DNA polymerase (NEB #M0530S) laboratory with additives. The cells were incubated for 15-30 minutes at 56°C,
followed by deactivation for & minutes at 96°C. The plate was briefly centrifuged to collect the liquid at bottom of the wells. 50-ul
PCR samples were set up for each sample to be analyzed. The PCR samples were heated to 95°C for 10 minutes and then slowly
(>15minutes) cooled to room temperature. PCR product (~5 uL) was then separated on an agarose gel (2%) to confirm amplification.
15 L of each reaction was incubated with T7E1 nuclease for 25 minutes at 37°C. Immediately, the entire reaction volume was run
with the appropriate gel loading buffer on an agarose gel (2%).
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13.5  His-CM18-PTD4 and His-C{LLKK);C-PTD4 -mediated CRISPR/Cas9-NLS system delivery and cleavage of genomic
PPIB sequence

A mix composed of a Cas3-NLS recombinant protein (25 nM; Example 13.1) and crRNA/tracrRNA (50 nM; see below)
targeting a nucleotide sequence of the PPIB gene were co-incubated with 10 uM of His-CM18-PTD4 or His-C(LLKK)sC-PTD4, and
incubated with HeLa cells for 16h in medium without serum using Protocol A as described in Example 9.1.

The sequences of the crRNA and fracrRNAs constructed and their targets were;

- Feldan tracrRNA [SEQ ID NO: 77]:
57— AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAARAAAGUGGCACCGAGUCGGUGCU-3'

- PPIB crRNA [SEQ ID NO: 78]:
5’ -GUGUAUUUUGACCUACGAAUGUUUUAGAGCUAUGCUGUUUUG- 3"

- Dharmacon tracrRNA [SEQ ID NO: 79]:
5" -AACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCUUUUUUU-3 '

After 16h, HeLa cells were washed with PBS and incubated in medium with serum for 48h. Hela cells were harvested to
proceed with the T7E1 protocol assay as described in Example 13.4.

Figure 41A shows an agarose gel with the PPIB DNA sequences after PCR amplification. Lane A shows the amplified
PPIB DNA sequence in Hela cells without any freatment (i.e., no shuttle or Cas9/RNAs complex). Lanes B: The two bands framed
in white box #1 are the cleavage product of the PPIB DNA sequence by the CRIPR/Cas9 complex after the delivery of the complex
with the shuttle His-C(LLKK)3C-PTD4. Lane C: These bands show the amplified PPIB DNA sequence after incubation of the Hela
cells with the Cas3/RNAs complex without shuttle (negative control). Lane D: The bands framed in white box #2 show the amplified
PPIB DNA sequence after incubation of the Hel a cells with the Cas9/RNAs complex in presence of a lipidic transfection agent
(DharmaFect™ transfection reagent # T-20XX-01) (positive control). Similar results were obtained using the shuttle His-CM18-PTD4
(data not shown).

Figure 41B shows an agarose gel with the PPIB DNA sequences after PCR amplification. The left panel shows the
cleavage product of the amplified PPIB DNA sequence by the CRIPR/CasS complex after the delivery of the complex with the shuttle
agent His-CM18-PTD4 in Hela cells. The right panel shows amplified DNA sequence before the T7E1 digestion procedure as a
negative control.

Figure 41C shows an agarose gel with the PPIB DNA sequences after PCR amplification. 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 (DharmaFect™ transfection reagent # T-20XX-01) (positive control). The right panel shows amplified DNA sequence before
the T7E1 digestion procedure as a negative control.

These results show that the shuttle agents His-=CM18-PTD4 and His-C(LLKK):C-PTD4 successfully deliver a functional
CRISPR/Cas9 complex to the nucleus of HelLa cells, and that this delivery results in CRISPR/Cas9-mediated cleavage of genomic
DNA.

13.6  CRISPR/Cas9-NLS system delivery by different shuttle agents, and cleavage of genomic HPTR sequence in HelLa
and Jurkat cells

A mix composed of a Cas3-NLS recombinant protein (2.5 uM; Example 13.1) and crRNA/tracrRNA (2 uM; see below)
targeting a nucleotide sequence of the HPTR gene were co-incubated with 35 UM of His-CM18-PTD4, His-CM18-PTD4-His, His-
C(LLKK)3C-PTD4, or EB1-PTD4, and incubated with Hela or Jurkat cells for 2 minutes in PBS using Protocol B as described in
Example 9.1.
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The sequences of the crRNA and fracrRNAs constructed and their targets were;

- Feldan tracrRNA [SEQ ID NO: 77]:
57— AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGARAAAGUGGCACCGAGUCGGUGCU-3 '

- HPRT crRNA [SEQ ID NO: 103]:
5" - ARUUAUGGGGAUUACUAGGAGUUUUAGAGCUAUGCU-3'

After 2 minutes, cells were washed with PBS and incubated in medium with serum for 48h. Cells were harvested to proceed
with the T7E1 protocol assay as described in Example 13.4. Figure 46 shows an agarose gel with the HPTR DNA sequences after
PCR amplification and the cleavage product of the amplified HPTR DNA sequence by the CRISPR/Cas9 complex after the delivery
of the complex with the different shuttle agents. Fig. 46A shows the results with the shuttle agents; His-CM18-PTD4, His-CM18-
PTD4-His, and His-C(LLKK)3C-PTD4 in Hel a cells. Fig. 46B shows the results with His-CM18-PTD4 and His-CM18-.2-PTD4 in
Jurkat cells. Negative controls (lanes 4) 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 Fig. 46A and 46B) show the amplified HPTR DNA
sequence after incubation of the cells with the Cas3/RNAs complex in presence of a lipidic fransfection agent (Lipofectamine®
RNAIMAX™ Transfection Reagent ThermoFisher Product No. 13778100).

These results show that different polypeptide shuttle agents of the present description may successfully deliver a functional
CRISPR/Cas9 complex to the nucleus of Hel.a and Jurkat cells, and that this delivery results in CRISPR/Cas9-mediated cleavage
of genomic DNA.

Example 14:
His-CM18-PTD4 enables transduction of the transcription factor HOXB4 in THP-1 cells

14.1 HOXB4-WT recombinant protein
Human HOXB4 recombinant protein was constructed, expressed and purified from a bacterial expression system as

described in Example 1.4. The sequence of the HOXB4-WT recombinant protein produced was:

MHHHHHHMAMS SFLINSNYVDPKFPPCEEYSQSDYLPSDHSPGY YAGGQRRES SFQPFAGFGRRAACTVQRYP
PPPPPPPPPGLSPRAPAPPPAGALLPEPGQRCEAVSSSPPPPPCAQNPLHPS PSHSACKEPVVYPWMRKVHYS
TVNPNYAGGEPKRSRTAYTROQOVLELEKEFHYNRYLTRRRRVEI AHALCLSERQI KIWFONRRMKWKKDHKLP
NTKIRSGGAAGSAGGPPGRPNGGPRAL [SEQ ID NO: 80]

(MW = 28.54 kDa; pl =9.89)

The initiator methionine and the 6x Histidine tag are shown in bold.

142  Real-Time Polymerase Chain Reaction (rt-PCR)

Control and treated cells are transferred to separate sterile 1.5-mL tubes and centrifuged for 5 minutes at 300g. The cell
pellets are resuspended in appropriate buffer to lyse the cells. RNAase-free 70% ethanol is then added followed by mixing by
pipetting. The lysates are transferred to an RNeasy™ Mini spin column and centrifuged 30 seconds at 13000 RPM. After several
washes with appropriate buffers and centrifugation steps, the eluates are collected in sterile 1.5-mL tubes on ice, and the RNA
quantity in each tube is then quantified with a spectrophotometer. For DNase treatment, 2 ug of RNA is diluted in 15 L of RNase-
free water. 1.75 L of 10X DNase buffer and 0.75 L of DNase is then added, followed by incubation at 37°C for 15 minutes. For
reverse transcriptase treatment, 0.88 ulL of EDTA (80 nM) is added, followed by incubation at 75°C for 5 minutes. In a PCR tube,
0.5 g of DNase-treated RNA is mixed with 4 L of iScript™ Reverse transcription Supermix (5X) and 20 L of nuclease-free water.
The mix is incubated in a PCR machine with the following program: 5 min at 25°C, 30 min at 42°C and 5 min at 85°C. Newly
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synthesized cDNA is transferred in sterile 1.5-mL tubes and diluted in 2 UL of nuclease-free water. 18 L per well of a gPCR machine
(CFX-96™) mix is then added in a PCR plate for analysis.

143  HOXB4-WT transduction by His-CM18-PTD4 in THP-1 cells: Dose responses and viability

THP-1 cells were cultured and tested in the protein transduction assay using Protocol A as described in Example 9.1.
Briefly, THP-1 cells were plated at 30 000 cells/well one day before transduction. HOXB4-WT recombinant protein (0.3, 0.9, or 1.5
uM; Example 14.1) was co-incubated with different concentrations of His-CM18-PTD4 (0, 0.5, 7.5, 0.8 or 1 uM) and then exposed
to THP-1 cells for 2.5 hours in the presence of serum. The cells were subjected to real time-PCR analysis as described in Example
14.2 to measure the mRNA levels of a target gene as a marker for HOXB4 activity, which was then normalized to the target gene
mRNA levels detected in the negative control cells (no treatment), to abtain a “Fold over control” value. Total RNA levels (ng/uL)

were also measured as a marker for cell viability. Results are shown in Table 14.1 and Figure 42.
Table 14.1: Data from Figure 42

Cargo  shuttle agent (Fi Cong. of Conc. of Fold over Total RNA in
9 41) 9 g Cells shuttle HOXB4-  control (meant  ng/pL (mean
(M) WT (M) St. Dev) St. Dev)
No treatment (“2”) THP-1 0 0 1+0.1 263+ 04
HOXB4-WT alone (“TF") | THP-1 0 15 43201 271+ 6.0
His-Ch18-PTD4 THP-1 1 0 27+03 252 107
alone (“FS”)
, 0.3 27+06 255 + 39
H'S'CM”'PVTV?“ +HOXB4- | 1 0.5 09 43+21 239+ 175
15 38+07 26964
. 0.3 42+12 248 + 28
H'S'CWS'PVTV?“ +HOXB4- | 075 09 57+25 245 + 31
15 75428 230+ 33
. 03 91+27 274+ 44
H'S'CM”'PVTV?“ +HOXB4 | b 08 09 164z 17 212125
15 22732 282+ 47
) 0.3 102+ 25 280 + 11.3
H'S'CM“'PVTV?“ +HOXB4- | 1 09 09 18.7 231 281292
15 26135 253+ 7.1
. 0.3 105+ 0.7 184 + 12.3
H'S'CM18'PVTV24 +HOXB4 | b 1 09 17237 168 = 16.2
15 245+ 39 154+ 47

These results show that exposing THP-1 cells to a mixture of the shuttle agent His-CM18-PTD4 and the transcription factor
HOXB4-WT for 2.5 hours in the presence of serum results in a dose-dependent increase in mRNA franscription of the target gene.
These results suggest that HOXB4-WT is successfully delivered in an active form to the nucleus of THP-1 cells, where it can mediate
transcriptional activation.

144  HOXB4-WT transduction by His-CM18-PTD4 in THP-1 cells: Time course and viability (0 to 48 hours)
THP-1 cells were cultured and tested in the protein transduction assay using Protocol A as described in Example 9.1.
Briefly, THP-1 cells were plated at 30 000 cells/well one day before the first time course experiment. HOXB4-WT recombinant protein
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(1.5 uM; Example 14.1) was co-incubated with His-CM18-PTD4 (0.8 uM) and then exposed to THP-1 cells for 0, 2.5, 4, 24 or 48
hours in presence of serum. The cells were subjected to real time-PCR analysis as described in Example 14.2 to measure mRNA
levels of a target gene as a marker for HOXB4 activity, which was then normalized to the target gene mRNA levels detected in the
negative control cells (no treatment), to obtain a “Fold over control” value. Total RNA levels (ng/uL) were also measured as a marker
for cell viability. Results are shown in Table 14.2 and Figure 43.

Table 14.2; Data from Figure 43

Conc. of Conc. of Fold over Total RNA in

ga;?: é;hu:t‘l’()e Cells shuttle HOXB4- ExP&Z‘:jr;;'me control (meant+  ng/uL (mean
gent{r1g. @M)  WT (M) St. Dev) St. Dev)
No treatment
o) THP-1 0 0 - 101 180+ 0.4
HOXE’(fTTVI‘:’,T)a'°“e THP-1 0 15 25h 3403 129+ 10.7
His-CMM8-PTD4 | 5 08 0 25h 12+014 184+ 60
alone (“FS”)
48h 0.27 + 0.1 58+ 11.2
. 24h 0.8+014 74+92
| THP1 | 08 15 an 5612 9171
25h 91+12 146 + 116
0 39+04 167 + 13

14.5  HOXB4-WT transduction by His-CM18-PTD4 in THP-1 cells: Time course and viability (0 to 4 hours)

THP-1 cells were cultured and tested in the protein transduction assay using Protocol A as described in Example 9.1.
Briefly, THP-1 cells were plated at 30 000 cells/well one day before the first time course experiment. HOXB4-WT recombinant protein
(0.3 uM; Example 14.1) was co-incubated with His-CM18-PTD4 (0.8 uM) and then exposed to THP-1 cellsfor 0, 0.5, 1, 2, 2.5, 3or
4 hours in presence of serum. The cells were subjected to real time-PCR analysis as described in Example 14.2 to measure mRNA
levels of a target gene as a marker for HOXB4 activity, which was then normalized to target gene mRNA levels detected in the
negative control cells (no treatment), to obtain a “Fold over control” value. Total RNA levels (ng/uL) were also measured as a marker
for cell viability. Results are shown in Table 14.3 and Figure 44,

Table 14.3: Data from Figure 44

Conc. of Conc. of Fold over Total RNAin

ga;%(: :;hu:tg)a Cells shuttle HOXB4- Exp&sot:jr;;lme control (mean+  ng/pL (mean
gent{H1g. @M)  WT M) St. Dev) St Dev)
No treatment
(o) THP-1 0 0 . 1+0.1 289+ 9.2
His-CN18-PTD4 | 5 | 0 03 25h 25402 260 + 7.1
alone (“FS”)
"'OXB(f’TT"‘F’,T)a'”e THP-1 08 0 25h 1+0.14 264+12.3
4h 12+ 0.1 198 + 6.0
. 3h 13021 268+ 12.5
- - +
H'SHCO'\T&ZE?" THP-1 08 03 25h 2:03 2547
2h 22+02 269+ 12.5
1 97+26 268+ 39
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05 231 +2.0 266 + 17.5
0 4+05 217+64

146  HOXB4-WT transduction by His-CM18-PTD4 in HeLa cells: immuno-labelling and visualization by microscopy

Recombinant HOXB4-WT transcription factor (25 uM; Example 14.1) was co-incubated with 35 uM of His-CM18-PTD4
and exposed to Hel a cells for 10 seconds using Protocol B as described in Example 9.1. After a 30-minute incubation to allow
transduced HOXB4-WT to accumulate in the nucleus, the cells were fixed, permeabilized and immuno-labelled as described in
Example 3.2a. HOXB4-WT was labelled using a primary mouse anti-HOXB4 monoclonal antibody (Novus Bio #NBP2-37257)
diluted 1/500, and a secondary anti-mouse antibody Alexa™-594 (Abcam #150116) diluted 1/1000. Nuclei were labelled with DAPI.
The cells were visualized by bright field and fluorescence microscopy at 20x and 40x magnifications as described in Example 3.2,
and sample results are shown in Figure 45. Co-localization was observed between nuclei labelling (Fig. 45A and 45C) and HOXB4-
WT labelling (Fig. 45B and 45D), indicating that HOXB4-WT was successfully delivered to the nucleus after 30 min in the presence
of the shuttle agent His-CM18-PTD4. White triangle windows show examples of areas of co-localization between the nuclei (DAPI)
and HOXB4-WT immuno-labels.

147  HOXB4-WT transduction by different shuttle agents in THP-1 cells: Dose responses and viability

THP-1 cells were cultured and tested in the protein transduction assay using Protocol A as described in Example 9.1.
Briefly, THP-1 cells were plated at 30 000 cells/well one day before the first time course experiment. HOXB4-WT recombinant protein
(1.5 uM; Example 14.1) co-incubated with the shuttle agents His-CM18-PTD4, TAT-KALA, EB1-PTD4, His-C(LLKK)3C-PTD4 and
His-CM18-PTD4-His at 0.8 ulM, and then exposed to THP-1 cells for 2.5 hours in presence of serum. The cells were subjected to
real time-PCR analysis as described in Example 14.2 to measure mRNA levels of a target gene as a marker for HOXB4 aciivity,
which was then normalized to target gene mRNA levels detected in the negative control cells (no treatment), to obtain a “Fold over
contral’ value. Total RNA levels (ng/uL) were also measured as a marker for cell viability. Results are shown in Table 14.4 and
Figure 47.

Table 14.4: Data from Figure 47

Shutle HOXB4-WT Exoosure Fold over Total RNAin
Cargo / shuttle agent conc. Conc. Eme control (meant  ng/pL (mean
(M) (M) St. Dev) St. Dev)
No treatment (“Ctrl”) 0 0 - 1+0.09 240389
Fis M3 TD4 0 15 25h 25:03 3039+76
alone (‘FS")
HOXB4-WT alone (‘TF") 0.8 0 25h 1+0.11 2519+ 119
His-CM18-PTD4 +
HOXBA-WT 445+ 0.09 182 + 5,97
TAT-KALA + 51021 22244125
HOXB4-WT
0.8 15 25h
EB1-PTDA + 6403 2404+ 471
HOXB4-WT T T
His-C(LLKK)3C-PTD4 +
HOXBA-WT 9.8 £0.19 1753 £ 11.25
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His-CM18-PTD4-His +

HOXBA-WT 28.1+ 261 91.4+392

Example 15:
In vivo GFP-NLS delivery in rat parietal cortex by His-CM18-PTD4

The ability of the shuttle agent His-CM18-PTD4 to deliver GFP-NLS in vivo in the nuclei of rat brain cells was tested.

In separate sterile 1.5-mL tubes, shuttle agent His-CM18-PTD4 was diluted in sterile distilled water at room temperature.
GFP-NLS, used as cargo protein, was then added to the shuttle agent and, if necessary, sterile PBS was added to obtain the desired
concentrations of shuttle agent and cargo in a sufficient final volume for injection in rat brain (e.g., 5 L per each injection brain site).
The shuttle agent/cargo mixture was then immediately used for experiments. One negative control was included for the experiment,
which corresponds to the injection of the GFP-NLS alone.

Bilateral injections were performed in the parietal cortex of three rats. In the left parietal cortex (ipsilateral), a mix composed
of the shuttle agent (20 uM) and the GFP-NLS (20 uM) was injected, and in the right parietal cortex (contralateral), only the GFP-
NLS (20 uM) was injected as a negative control. For surgical procedures, mice were anesthetized with isoflurane. Then the animal
was placed in a stereotaxic frame, and the skull surface was exposed. Two holes were drilled at the appropriate sites to allow bilateral
infusion of the shuttle/cargo mix or GFP-NLS alone (20 uM) with 5-uL Hamilton syringe. Antero-posterior (AP), lateral (L), and dorso-
ventral (DV) coordinates were taken relative to the bregma: (2) AP +0.48 mm, L £ 3mm, V-5mm; (b) AP-2mm, L + 1.3 mm, V
-15mm; (c) AP =26 mm, L = 1.5 mm, V- 1.5 mm. The infused volume of the shuttle/cargo mix or cargo alone was 5 yL per
injection site and the injection was performed for 10 minutes. After that, experimenter waited 1 min before removing the needle from
the brain. All measures were taken before, during, and after surgery to minimize animal pain and discomfort. Animals were sacrificed
by perfusion with paraformaldehyde (4%) 2 h after surgery, and brain were collected and prepared for microscopy analysis.
Experimental procedures were approved by the Animal Care Committee in line with guidelines from the Canadian Council on Animal
Care.

Dorso-ventral rat brain slices were collected and analysed by fluorescence microscopy and results are shown in at 4x (Fig.
48A), 10x (Fig. 48C) and 20x (Fig. 48D) magnifications. The injection site is located in the deepest layers of the parietal cortex (PCx).
In the presence of the His-CM18-PTD4 shuttle, the GFP-NLS diffused in cell nuclei of the PCx, of the Corpus Callus (Cc) and of the
striatum (Str) (White curves mean limitations between brains structures). Fig. 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 (an injection of GFP-NLS alone), was done on the contralateral site.
The black circle and connected black lines in Fig. 48B show the areas observed in the fluorescent pictures (Fig. 48A, 48C and 48D).

This experiment demonstrated the cell delivery of the cargo GFP-NLS efter its stereotaxic injection in the rat parietal cortex
in the presence of the shuttle agent His-CM18-PTD4. Results show the delivery of the GFP-NLS in the nucleus of cells from the
deeper layers of the parietal cortex (injection site) to the corpus callus and the dorsal level of the striatum (putamen). In contrast, the
negative control in which GFP-NLS is only detectable locally around the injection site. This experiment shows that shuttle agent
induced nuclear delivery of the cargo in the injection site (parietal cortex) and its diffusion through both neighboring brain areas
(corpus callus and striatum rat brain).
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Example A:
Physiochemical properties of domain-based peptide shuttle agents

A plurality of different peptides was initially screened with the goal of identifying polypeptide-based shuttle agents that can
deliver independent polypeptide carges intracellularly to the cytosol/nucleus of eukaryotic cells. On one hand, these large-scale
screening efforts led to the discovery that domain-based peptide shuttle agents (see Examples 1-15), 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 eukaryatic cells, such that the cargo gains access to the
cytosolinuclear compartment. Conversely, these screening efforts revealed some peptides having no or low polypeptide cargo
transduction power, excessive toxicity, and/or other undesirable properties (e.g., poor solubility andfor stability).

Based on these empirical data, the physiochemical properties of successful, less successful, and failed peptides were
compared in order to better understand properties common to the more successful shuttle agents. This approach involved manually
stratifying the different peptides according to fransduction performance with due consideration to, for example: (1) their
solubility/stability/ease of synthesis; (2) their ability to facilitate endosomal escape of calcein (e.g., see Example 2); (3) their ability to
deliver one or more types of independent polypeptide cargo 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; and (4) 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 franscription factor cargos), or genome
editing capabilities (e.g., for nuclease cargos 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.g., primary, immortalized, adherent, suspension, etc.), under different
transduction protocols.

In parallel to the above-mentioned manual curation, the transduction power and cellular toxicity of each peptide for a given
fluorescently-abelled cargo (GFP, GFP-NLS, or fluorescently-labelled antibodies) and cell line were combined into a single
“transduction score” as a further screening tool, which was calculated as follows: [(Highest percentage transduction efficiency
observed by flow cytometry for a given peptide in a cell type) x (Percentage viability for the peptide in the tested cell line)] /1000,
giving an overall fransduction score between 0 and 10 for a given cell type and polypeptide cargo. These analyses identified domain-
based peptides having transduction scores ranging from about 8 (e.g., for successful domain-based peptide shuttle agents) to as
low as 0.067 (e.g., for single-domain negative control peptides).

The above-mentioned manual curation and “transduction score’-based analyses revealed a number of parameters that are
common to many successful domain-based shuttle agents. Some of these parameters are listed in the Table A1. An example of a
“fransduction score’-based analyses in HelLa cells using GFP as a polypeptide cargo is shown in Table A2. Other transduction
scare-based analyses using cell lines other than HelLa and polypeptides cargos other than GFP, were also performed but are not
shown here for brevity.

No successful shuttle agents were found having less than 20 amino acid residues in length (see parameter 1 in Tables A1
and A2). The four aminc acids alanine, leucine, lysine and arginine, were the principal and most recurrent residues in most of the
successful shuttle agents (35-85% of residues of the peptide; see parameter 10). These residues dictate the alpha-helical structure
and amphiphilic nature of these peptide sequences (parameters 2-5). There was often a balance between the percentages of AL
residues (15-45%) and K/R residues (20-45%) in the shuttle agents (parameters 11, 12 and 14), and the percentages of negatively
charged residues was often found to be not greater than 10% (parameter 14). Conversely, the sixteen other amino acid residues
(other than A, L, K, and R) represented generally between 10-45% of the shuttle agents (parameter 15). Successful shuttle agents
generally had a predicted isoelectric point (pl) of between 8-13 (parameter 7), and a predicted net charge greater than cr equal to
+4 (parameter 6), with dCM18-TAT-Cys having a predicted net charge of as high as +26. Hydrophobic residues (A, C, G, I, L, M, F,
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P, W, Y, V) composed generally between 35-65% of the shuttle agents, and neutral hydrophilic residues (N, Q, S, T) represented
generally from 0-30% (parameters 8 and 9).

As shown in Table A2, the most successful shutlle agents (e.g., transduction scores above 5.0) generally had few
parameters outside the ranges set forth in Table A1. However, significant increases in transduction efficiency were also observed
for shuttle agents in which several parameters were not satisfied, depending for example on the extent to which the unsatisfied
parameters fall outside the recommended range, and/or on whether other parameters fall closer to the middle of a recommended
range. Thus, shutfle agents having several parameters which fall within “optimal” ranges may compensate for other parameters
falling outside of the recommended ranges. As mentioned above, peptides shorter than 20 amino acids did not show any significant
transduction ability (e.g. transduction scores less than 0.4), regardless of how many other parameters were satisfied. Among the
peptides greater than 20 amino acids in length and having transduction scores lower than 0.4, VSVG-PTD4 (score of 0.35) failed to
satisfy six parameters, while JST-PTD4 (score of 0.083) failed to satisfy ten parameters. KALA (score of 0.12) failed to satisfy four
parameters, with parameters 11 and 14 far exceeding the recommended ranges, reflecting an overabundance of A/l residues and
a large imbalance between the percentages of A/L and L/R residues. It is fo be understocd that the transduction score ranges
appearing the Table A2 are arbitrarily selected, and that other ranges can be selected and are within the scope of the present
description.
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Table A1. General physicochemical properties of successful domain-based peptide shuttle agents
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Parameter Description Result
20
1 | Minimumlength | The minimum length of peptide shuttle agent. amino
acids
Amphipathic Peptide shuttle agent comprises a predicted amphipathic alpha-helix conformation. (Based on 3D
2 alpha-helix modeling using PEP-FOLD, an online resource for de novo peptide structure prediction; Yes
http:/bioserv.rpbs.univ-paris-diderot fr/services/PEP-FOLD/).
Predicted amphipathic alpha-helix conformation comprises a positively-charged hydrophilic face rich in
3 Positively- R and/or K residues. (Based on observation of at least 3 K/R residues clustered to one side of a helical Y
X . . ’ D ; ] es
charged surface | wheel modeling, using the online helical wheel projection tool available at:
http://rzlab.ucr.edu/scriptsiwheelwheel.cgi).
Predicted amphipathic alpha-helix conformation comprises a highly hydrophobic core composed of
spatially adjacentL, |, F, V, W, and/or M residues representing a percentage of the overall peptide
sequence (calculated excluding histidine-rich domains). This parameter was calculated by first
% Highly arranging the amino acids of the peptide in an opened cylindrical representation, then delineating an
4 hydrophobic area of contiguogs highly hydroplhobic. residues (L,. I, F, .V, W M) ,as shown in Figure 49Af right panel. 1950%
core The number of highly hydrophobic residues comprised in this delineated highly hydrophobic core was
then divided by the total amino acid length of the peptide, excluding N- and/or C-terminal histidine-rich
domains. For example, for the peptide shown in Figure 49A, there are 8 residues in the delineated
highly hydrophobic core, and 25 total residues in the peptide (excluding the terminal 12 histidines).
Thus, the highly hydrophabic core is 32% (8/25).
5 Hydrophobic | Calculated hydrophobic moment (u; calculated while excluding histidine-rich domains), using the online 3511
moment helical whes! projection program available from: http://rzlab.ucr.edu/scriptsiwhesliwheel.cgi. )
6 Net charge Predicted net charge at physiological pH (calculated from the side chains of K, R, D, and E residues). =+4
7 ol Predicted isoelectric point (pl). (Calculated with the Prot Param software available at; 813
htip://web.expasy.org/proiparam/).
8 % hydrophobic 0 N . . 0
residues verall percentage of hydrophobic residues (A, C, G, I, L, M, F, P, W, Y, V) in the peptide shuttle agent. | 35-65%
% neutral
9 hydrophilic Overall percentage of neutral hydrophilic residues (N, Q, S, T) in the peptide shuttle agent. 0-30%
residues
10 %A L KR Overall percentage of residues in the peptide shuttle agent whichare A, L, K, or R. 35-85%
1 % AorL Overall percentage of residues in the peptide shuttle agent which are A or L. (Number of A +L 15.45%
residues)/(Total number of residues), with there being at least 5% of L in the peptide.
% Positive Overall percentage of residues in the peptide shuttle agent which are K or R. (Number of K + R
12 . . . 20-45%
residues residues)/(Total number of residues).
13 % Negative Overall percentage of residues in the peptide shuttle agent which are D or E. (Number of D + E 0-10%
- . . - 0
residues residues)/(Total number of residues).
Difference Overall difference (absolute value) between the percentage of A or L (parameter 11) and the
14 | between % of : . <10%
AL and KRR percentage of K or R (parameter 12) in the peptide shuttle agent. (Parameter 11)-(Parameter 12).
% infrequent | Overall percentage of residues whichare Q, Y, W, P, |, S, G, V,F, E, D, C,M, N, Tor H(i.e,, not A, L,
15 amino acid K,orR). (Numberof Q+Y+W+P+[+S+G+V+F+E+D+C+M+N+T+H residues)/ (Total 10-45%
residues number of residues).
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Table A2. Physiochemical properties of domain-based peptides stratified by transduction score
(in Hel a cells using GFP or GFP-NLS as cargo)
Parameter

Peptide name 112(3] 4 5 6] 789 [10]M1][12]1B]14]15
Transduction scores between 3.1-8.0

TAT-KALA 4 v]v[121] 36 |13 115545 75 [ 81439 |365( 49 | 73 [ 119
His-CM18-PTD4-His |41 | Y | Y [241| 67 | 8 [118|516[ 81 [52|226] 23 | 0 | 57 | %8
His-CcM18-PTD4 |35 Y |Y| 26 [67 [ 8 [18][516] 81 [52[226] 23 [ 0 [ 57 [314
His-C(LLKK)sC-PTD4 |31 | Y | Y| 24 [ 36 | 9 [ 112|458 27 [43] 20 | 229 | 29 [ 29 | 35
cMig-L2PTD4 |36 Y |Y|222] 69 |8 |118]639] 14 [50[277[222| 0 |55 ] %0
cMis-His-PTD4 |35 [ Y |Y | 22867 [ 8 [118]516] 81 [52]226] 23 [ 0 [ 57314
CM18-PTD4His |35 [ Y |Y[228[ 67 [ 8 [18][516] 81 [52]226] 23 [ 0 [ 57314
His-CM18-TAT | 35| Y | v [241] 6 |13[123]374 ] 86 |49 > EX

EB1-PTD4 3|y |v[25]63]10][123]528] 146 |59 0
HACM18PTD4 |36 | Y |Y |266| 67 | 8
6Cys-CMI8PTD4 [ 35 |V [Y |26 65 8
CcM1eL3PTD4 |41 [Y[Y[195[ 39 [ 8
His-CM18-PTD4-6Cys | 41 [ Y | Y| 32 [ 68 [ 8
Met-His-CM8-TAT-Cys | 37 | Y [ Y| 20 | 62 | 13
cMisL1PTD4 [ [Y[Y[258] 641
Xentry-KALA ANMNMERRAE
CMM8TAT-Cys | 30 62 | 13

Pep1-KALA sy |[v[26]91]8
3HA-CM18-PTD4 [ 38 | Y [Y[159| 67 | 8

CM18-PTD4 o |y[v[242]67]8
3His-CM18-PTD4 |32 [Y|Y|276| 67 | 8
His-CN18-Transportan | 50 | Y [ Y [ 25 9
SynB3-KALA 2|y [v[228]37 10 475
12His-CM13-PTD4 |41 [ Y |Y | 15 [ 67 [ 8 | 118|464 88 244

TAT-CM18 o Y|v|ors]| 4 [13] 12 [486] 10 133

9Arg-KALA 9 |v|v[235] 45 14]121]514] 0 462

VSVG-PTD4 3 INNIEIRE - 167
Penetratin-cys 0

cM18 18 N N

KALA . 60 .

TAT-cys 2 N N 0 19 9 B 0 & 333

PTD4 1 0 24 . 545

His-PTD4 7 K o 24 . 353 176

JST-PTD4 N N [EFY 138 . 548 97 161

C{LLKK):C

Y =Yes; N=No; M@I cells = value falls within parameter range set forth in Table A1; [3{fzled cells = value falls outside parameter range set
forth in Table A1. His-LAH4-PTD4 yielded a transduction score of above 5.0, but was excluded from this analysis because the intracellular GFP
fluorescence pattem was observed by fluorescence microscopy as being punctate, suggesting that the GFP cargo remained frapped in
endosomes. Nevertheless, it is worth noting that His-LAH4-PTD4 had several parameters falling outside the ranges set forth in Table A1 with
respect to parameters 2, 3, 11, 12, 14 and 15.
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Example B:
Rational design of synthetic peptide shuttle agents

The parameters set forth in Table A1, and empirical knowledge gained (e.g., from Examples 1-15), were used to manually
design the peptides listed in Table B1 in order to evaluate whether the parameters can be used for designing successful peptide
shuttle agents.

The peptides listed in Table B1 were tested for their ability to transduce GFP-NLS cargo (see Example 3.4) in Hel a cells,
using the protein transduction assay as generally described in Example 3.1a. GFP-NLS recombinant protein (10 pM) was co-
incubated with 10 uM of the peptides and then exposed to Hel a cells for 1 min. The cells were subjected to flow cytometry analysis
as described in Example 3.3. Results are shown in Tables B2 and B3. A “transduction score’-based analysis was also performed
as discussed is Example A, and the results are shown in Table B4. Successful nuclear delivery of the transduced GFP-NLS
(generally after only 1 minute of exposure to the peptide) was confirmed by fluorescence microscopy as described in Example 3.2
(data not shown).

Peptides FSD1-FSDS were initially designed based on the successful domain-based shuttle agent His-CM18-PTD4-His,
with peptides FSD1-FSD4 being designed to intentionally unrespect one or more parameters set forth in Table A1, and FSD5 being
designed to respect all fifteen parameters. As can be seen from Table B2, peptides FSD1-FSD4 displayed transduction efficiencies
ranging from 2.45% to 37.6%. In contrast, the peptide FSD5 displayed high transduction efficiency (70.5%) and low toxicity (cell
viability of 86%).

3-dimensional modeling using PEP-FOLD, an online resource for de novo peptide structure prediction, predicted an alpha-
helical conformation for FSD5 (see Figure 49C; http://bioserv.rpbs.univ-paris-diderot.fi/services/PEP-FOLD/). In contrast, the
peptide VSVG-PTD4, which showed only 3.5% transduction efficiency (see Table 10.3a), was predicted to adopt a different structure
which included a shorter alpha helix, short beta-sheets (white arrows), and random coils (white shapeless lines).

Helical wheel projections and side opened cylindrical representations of FSD5 and VSVG-PTD4 shown in Figures 49A
and 49B (adapted from; http:/irzlab.ucr.edu/scriptsiwheel/wheel.cgi) illustrate the amphipathic nature of FSD5, as compared fo
VSVG-PTD4. The geometrical shape of each amino acid residue corresponds to its biochemical property based on the side chain
of the residue (j.e., hydrophobicity, charge, or hydrophilicity). One of the main differences between the two opened cylindrical
representations of FSD5 and VSVG-PTD4 is the presence of a highly hydrophobic core in FSD5 (outlined in Figure 49A, left and
right panels), which is not present in VSVG-PTD4. The cylinder in the lower middle panels of Figures 49A and 49B 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 “H" represent hydrophilic residues.

In light of the high transduction efficiency of FSD5, we used this shuttle agent as model to design peptides FSD6-FSD26.
As shown in Table B2, a relatively high degree of amino acid substitutions was possible without completely losing transduction
power, provided that most of the design parameters set forth in Table A1 were respected. The only peptide that displayed nearly a
complete loss transduction efficiency among FSD6-FSD26 was FSD8, which is not predicted to adopt an amphipathic alpha-helix
structure. Interestingly, peptide FSD18 showed high toxicity in Hela cells when used at 10 uM, but showed high transduction
efficiency and relatively low toxicity when used in other types of cells (see Examples E and G), suggesting that peptide toxicity may
vary depending on the type of cells. 3-dimensional modeling using PEP-FOLD predicted two separate alpha-helices for FSD18 (see
Figure 49D).

Peptides FSN1-FSN8 were designed to explore the effects on transduction efficiency when one or more of the design
parameters set forth in Table A1 are not respected. For example, FSN7 displayed only 3.56% transduction efficiency and is predicted
by PEP-FOLD to form two beta-sheets and no alpha-helices (Figure 49F).
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Table B1. Manually-designed synthetic peptides and shuttle agents

Peptide SEQID NO: Amino acid sequence L&“g;h MW
FsD1 104 HHHHHHKWKLLRRAAKKAARRYLKLLLKQLKLHHHHHH 38 485 | 1203 | 11+/0-
FsD2 105 HHHHHHWLKLLRRAAKKAARLYRKLLRKARKLHHHHHH 38 486 | 1231 | 12+/0-
FSD3 106 HHHHHHKRKKKRRAKKKRAWLYLALLLWALALHHHHHH 38 487 [ 1203 [ 11+/0-
FsD4 107 HHHHHHKRQLKRKLRKWKRLLRLLRLLARLWLHHHHHH 38 54 | 1278 | 12+/0-
FSD5 108 HHHHHHLLKLWSRLLKLWT QGRRLKAKRAKAHHHHHH 37 468 | 1249 | 9+/0-
FSD6 109 HHHHHHWYLALLALYWQRAKAKTRQRRRHHHHHH 34 449 [ 1184 | 7+/0-
FsD7 110 HHHHHHWARLARAFARAIKKLYARALRRQARTG 33 399 | 124 | 9+/0-
FSD8 1M HHHHHHKWKLARAFARAIKKLYARALRRQARTG 33 402 [ 1231 [ 10+/0-
FSD9 112 HHHHHHKWKLARAFARAIKKLYARALRRQARTGHHHHHH 39 485 | 1231 | 10+/0-
FSD10 113 KWKLARAFARAIKKLGGSGGGSYARALRRQARTG 34 366 | 1231 | 10+/0-
FSD11 114 HHHHHHKWKLARAFARALRAIKKLYARALRRQARTG 36 436 | 124 [ 11+/0-
FSD12 115 KWKLARAFARAIKKLYARALRRQARTG 27 32 1231 | 10+/0-
FSD13 116 HHHHHHKWAKLLRAFAKAIKKLYARLARRQART GHHHHHH 40 493 [ 1219 [ 10+/0-
FSD14 117 HHHHHHLALARWARYFRILAKLKRTKRGQAKAHHHHHH 38 473 11219 | 9+/0-
FSD15 118 HHHHHHKWKIARAFARSLKKLYARLLARQAKT GHHHHHH 39 479 [12.02 | 9+/0-
FSD16 119 HHHHHHLLKLWSRLLKLWT QGRRLKAKRAKA 31 386 | 1249 | 9+/0-
FSD17 120 HHHHHHLAKLFKWLRALIRQGAKRKTKRASAHHHHHH 37 456 | 1249 | 9+/0-
FSD18 121 LLKLWSRLLKLWTQGGSGGGSGRRLKAKRAKA 32 349 [ 1249 | 9+/0-
FSD19 122 HHHHHHLLKLWSRLLKTWTQGRRLKAKSAQASTRQAHHHHHH 36 432 | 1248 | 8+/0-
FSD20 123 HHHHAAVLKLWKRLLKLFRKGRRLKAKRAKAKR 3 412 | 1271 | 14+/0-
FSD21 124 HHHHHHFLKIWSRLIKIWTQGRRKGAQAAFR 31 385 [ 1248 | 7+/0-
FsD22 125 HHHHHHVLKLWSRILKAFTQGRRMAAKRAKCNHHHHHH 32 387 1202 | 8+/0-
FSD23 126 HHHHHHLLKLWSRLLKEWTQGRRLEAKRAEAHHHHHH 31 388 [1093 [ 7+/3-
FSD24 127 HHHHHHLLCLWSRLLKLWTQGERLKAKCAKACER 34 414 | 975 | 7+/2-
FSD25 128 HHHHHHVWKLFWTLLAAIYGRGKARQKRAKRQARG 35 425 11219 | 9+/0-
FSD26 129 ALLGLAKWVKKVGTLFRKAKAGAQNRRAKAQKGK 35 388 [ 1233 [ 11+/0-
FSN1 130 HHHHHHKRKRRSKKRKLWTQGWLLLALLALAHHHHHH 3 386 | 1249 | 9+/0-
FSN2 131 HHHHHHKLKLRSRLKWGRTQLWRALAKKALLHHHHHH 31 386 [ 1249 | 9+/0-
FSN3 132 HHHHHHQFLCFWLNKMGKHNTVWHGRHLKCHKRGKG 31 382 | 11.75 | 7+/0-
FSN4 133 HHHHHHLLYLWRRLLKFWCAGRRVYAKCAKAYGCF 35 423 11006 | 7+/0-
FSN5 134 HHHHHHLLKLWRRLLKLFRKALRALAKRAKSALKRAQAA 39 468 [ 1271 [ 12+/0-
FSN6 135 HHHHHHLLKLWSRLLKLWTQALRALAKRAKALAHHHHHH 33 396 | 1231 | 7+/0-
FSN7 136 LIKLWSRFIKFWTQGRRIKAKLARAGQSWFG 31 375 | 1248 | 8+/0-
FSN8 137 HHHHHHFRKLWLANVRAKK 19 24 [ 1202 | 5+/0-
FSD43 168
to fo [Refer to Sequence Listing] - - - -
FSD116 241

Results computed using ProtParam™ online tool available from ExPASY™ Bioinformatics Resource Portal (http://web.expasy.org/orotparany);
pl: Isoelectric point; Charge: Total number of positively (+) and negatively (-) charged residues

Table B2. Transduction of GFP-NLS in HelLa cells
Mean % cells with GFP

Cell viability (%)

Cells  Peptide " Stsger:/al ) (£ St. Dev. n=3) Design comments
No 0.41£0015 100 a
peptide
YT . .

FSD1 376+344 603 +6.18 Low % of infrequent amln(c:) all\(/lnst (1@, HY) W, P, 1S GVF ED,
Hola Fop; 119%169 763 £ 599 Figh hydrophobic moment

FSD3 245+0.32 911+6.37 No predicted amphipathic alpha helix

Low % of hydrophobic amino acids; Low % of infrequent amino
FSD4 660084 861+815 acids (Q,Y,W,P, 1,5, G, V,F, E D,C,M,N, T, H)
FSD5 70.5+6.44 86 +7.45 -
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FSD6 1+£0.12 88.1+7.66 No predicted amphipathic alpha helix
FSD7 7830511 385 +348 -
FSD8 62.30 + 5.61 64.8 +7.59 -
FSD9 68.21£6.35 67.3+£519 -
FSD10 73.23+494 798 +4.73 -
FSD11 68.29+3.11 60.8 £7.59 -
FSD12 61.58 £5.33 67.8 +4.83 -
FSD13 75.94+7.48 495+£513 High hydrophobic moment
FSD14 43.25+535 9028+7.42 -
FSD15 5497 £4.28 96.1 + 2.61 -
FSD16 57.34 411 88.2 +£2.66 -
FSD17 52.83 £ 6.69 99.1+£2.09 -
FSD18 7711£325 82.4+-4.71 -
FSD19 5517 £4.62 806 £5.36 -
FSD20 75.23+591 654 +6.18 -
FSD21 46.74 £4.03 756 £599 -
FSD22 45.09+395 80.2+7.21 -
FSD23 50.34£4.29 653 £ 5.44 -
FSD24 37.48+4.08 753 +393 -
FSD25 32.67 £3.17 71.7 £5.08 -
FSD26 47.63+4.19 59.26 + 1.27 -

.

= No parameters outside the limits set forth in Table A1.

Table B3. Transduction of GFP-NLS in HeLa cells

Cell viability
(%)

Mean % cells with

Cells Peptide GFP signal . Design comments
(£St Dev:n=3y  EStDev;
n=3)
No 0.38 +0.02 100
peptide
FSN1 9.14 £0.93 943+ 3.07 Low hydrophobic moment; weak amphiphilic structure
FSN2 1213+ 2.06 913+4.66 Weak hydrophobic surface
FSN3 1.86£97.15 972203 No predicted alpha-helical structure
Hela FSN4 584049 905+4.18 > 65% hydrophobic amino acids
FSNS 13.29 £ 1.24 8536 £6.16 Alanine + Leucine > 40%
FSNG 1574+ 163 3063+ 426 High hydrophobic moment; dlﬁeregc(‘,)?%between AL and K/R residues is >
No predicted alpha-helical structure; high hydrophobic moment; 55% of
FSN7 3.56£0.36 9345+ 361 infrequent residues (otherthan A, L, K, R)
FSN8 3.52+041 9453+372 Peptide length is less than 20
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Table B4. Physiochemical properties of peptides stratified by transduction score
(in Hel_a cells using GFP-NLS as cargo)
Parameter

Peptidename T2 T 4 [ 5 (6| 7 | 8 | 9 [10] 11| 12 | 13| 14 | 15
Transduction scores above 4.0

FSD5 JT|Y|Y]| 32 |83 |9 (125 42 |96 |51| 27 | 29 | O | 27 | 162
FSD10 A|Y|Y | 147 7 [10[123 586 | 117|159 |294 294 | 0 0 |43
FSD15 D|Y|Y|22|67 |9 |12 (43| 9 |58(303]|273| 0 8 205
FSD17 JT|Y|Y|292]|55 |9 (125|418 | 96 |58 29 | 29 | O 0 ]189
FSD16 MN|Y|Y| 32 |83 |9 |125| 42 |86 |61 27 | 29 | 0 | 27 | 194
FSD20 BY|Y | 27272 |14 (127|454 | O |76 (334|424 | 0 12

FSD9 I|Y|Y|185]| 63 10123366 | 52 |51 |256|257| 0 | 01 | 179
FSD1$ B|Y|Y | 19187 |8 |125(362 24943238222 | 0 | 48 | 285
FSD12 27 |Y|Y|185]| 63 |10 (123|444 | 74 | 74| 37 | 37 | O 0 | 259
FSD11 B|Y|Y| 17673 |11]|124|473| 56 |64[334|305| 0 | 29 | 194

FSD8 B|Y|Y|185]|63 10123453 | 6 |61[333]303| 0 3 | 212
FSD14 B|Y|Y|269]|52 |9 |122|468| 62 |59 (313|281 | 0 | 32 | 185
FSD13 O Y |Y ]| 25 pulusl 10 (122 (361 | 81 | 46| 216|243 | 0 | 27 | 20
FSD22 R|Y|Y| 209|718 |12 |436] 93 |39 (184 25 | 0 | -26 | 286
FSD21 N Y|Y | 3B7|95 |7 | 125|453 (12939 (162|226 | 0 | -6.4 | 421
FSD23 N|Y|Y | 216 82 | 4 | 109|388 | 96 |43 (243|226 | 0 | 54 | 243
FSD7 BIY|Y | 17283 |9 (124|483 | 5 |61(333|273| 0 | 10 |212
FSD24 34|Y|Y|265 51975 47 | 87 |50 (294|206 | 59| 88 | 323
FSD26 B|Y|Y|286 111123 60 | 11560285315 0 -3 | 404
FSD25 BY|Y | 14371 | 8 | 122|488 | 86 |63 |371| 257 |29 97 | 201

Y|[Y
Y|[Y
Y|[Y
Y|[Y

45
47

19.4
21

258
263
7Rl [ 12 [3e5] o [er]316] 289
47 18]35 19.3
Fspe |34 I 251 35 [ 7 [ 118|428 [107 |44 236 | 25 [ 0

Y = Yes; N = No; [Whitg| cells = value falls within parameter range set forth in Table Af; cells = value falls outside parameter range set forth in
Table A1.
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The primary amino acid sequences of peptides FSD5, FSD16, FSD18, FSD19, FSD20, FSD22, and FSD23 are related,

as shown in the alignment below.

FSD23 WT

FSD19 THT

FSD5 LWT

FSD18 LWTQEGSCGGESES

FSD16 LWT

FSD20 I,

FSD22 T
LKILW-R-LK-—--- A
(SEQ ID NO: 158) (SEQ ID NO: 159)

Example C:
Computer-assisted design of synthetic peptide shuttle agents

CA1 Machine-learning-assisted design approach

The peptides listed in Table C1 were designed using an algorithm described in an article by Sebastien Giguere et al. entitled
“Machine Leaming Assisted Design of Highly Active Pepftides for Drug Discovery” (Giguére et al., 2014). This computational
prediction method is founded on the use of algorithms based on the Kernel and machine leaming methods (Shawe-Taylor J. and
Cristianini N., 2004). These algorithms aim to sort peptides with maximal bioactivity depending on a biological effect of interest. Here,
we considered all the peptides that we tested to date in protein transduction assays, and separated them into three distinct groups.
The composition of the groups was based on a “transduction score” calculated as described in Example A. Group 1 was composed
of peptides demonstrating efficient cell delivery with low toxicity; Group 2 was composed of peptides demonsgtrating efficient cell
delivery but with elevated toxicity; and Group 3 was composed of peptides that did not demonstrate any significant polypeptide cargo
transduction ability.

The scores of the peptides in each group were used as starting data points for the generation of further peptide variants.
The algorithm was programmed to use the peptide sequences and the scores of the peptides of Group 1 as the positive references
for the prediction of peptide variants with efficient transduction ability. The sequences and the scores of Groups 2 and 3 were included
as negative controls in the algorithm to delineate the search field. The peptide variants generated by the algorithm were limited to
those having alength of 35 amino acids. After running, the prediction method generated sixteen sequences (FSD27 to FSD42). After
analyzing the sequences of these sixteen sequences with respect to the design parameters set forth in Table A1, only peptides
FSD27, FSD34 and FSD40 satisfied all of the design parameters (see Table C2). The other peptide variants had one or more
parameters outside those set forth in Table A1.

Table C1. Machine-designed synthetic peptides and shuttle agents tested

Length MW

Peptide SEQID NO: Amino acid sequence pl  Charge

(aa) (kDa)

FsD27 138 HHHHHHKWKLFWEAKLAKYARAAARQARAARQARA 35 421 | 1185 | 9+/1-
FSD28 139 HHHHHHHMAHLWESNARKFWKKAFAQHAAAHIAEA 35 418 | 97 | 4+/2-
FSD29 140 LHHHSHHLIHIWLLFKLKLKKKKAARRARRARRHH 35 443 | 1271 | 12+/0-
FSD30 14 HHHHHHCLLKKWEAKLAKKIGGGGRQARAKALAKA 35 388 | 1074 | 9+/1-
FSD31 142 YHHHHHKWKKRWEAKLAKALRAAGRQARAKALAKA 35 412 | 1162 | 11+/1-
FSD32 143 [VRHEHCMIHLWYKNLAKYCSTSHARRLARRRAHH 35 435 | 1092 | &+/1-
FSD33 144 HHHHHHHHRQRRRWEARGGFLGGGGYARAARQARA 35 412 11222 | 8+/1-
FSD34 145 HHHHHHKLIHIWEAKLFKKIRAAARQARARRAAKA 35 419 | 1219 | 10+/1-
FSD35 146 HHHHHHKLLKRWEAKLAKALAKALAKHLAKALAKA 35 397 1082 | 9+/1-
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FSD36 147 HHHHHHCLIHIWEAKLAKKCGGGGYARAAARQARA 35 389 | 1006 | 6+/1-
FSD37 148 RLHHSHHLIHIWLLF KLKLKKKKRAARRARRHHHL 35 447 | 1271 | 12+/0-
FSD38 149 GHHHHHHHLIHIWEAKLAKLAKALARAAARQARAK 35 399 | 1174 T+/1-
FSD39 150 HHHHHHHHRQRRRWEARGFLGGGGYARAARQARAA 35 414 | 1222 | 8+/1-
FSD40 151 YGRKKRYMLRLWYQNLRMYCKKAYAQHRARQHAKL 35 453 | 1081 | 11+/0-
FSD41 152 LHHHHHKLIHIWEAKLAKALAKALARRAAARQARA 35 399 | 1202 | 8+/1-
FSD42 153 HHHHHHCMKVVWEIVLAKYKGGGGRARAASRRARA 35 398 | 1147 ] &+/1-

Results computed using ProtParam™ online tool available from ExPASy™ Bioinformatics Resource Portal (http:/Aweb.expasy.org/orotparamy);
pl: Isoelectric point; Charge: Total number of positively (+) and negatively (-) charged residues

Table C2: FSD27 to FSD42 sequences and properties

Peptide Comments concerning out of limit parameter(s) with respect to Table A1
FSD27 - No out of limit parameters.

- No predicted amphiphilic alpha-helical structure

- Highly hydrophobic core < 12% of the total surface

FSD28 - Net charge below +4 (+2)

- Low percentage K/R residues (11.5%)

- Difference between % A/L and % K/R greater than 10% (17.1%)

- No predicted amphiphilic alpha-helical structure

FSD29 - Highly hydrophobic core < 12% of the total surface

- Low hydrophobic moment (3.3)

FSD30 - Highly hydrophobic core < 12% of the total surface
- Low hydrophobic moment (2.6)

FSD31 - Highly hydrophobic core < 12% of the total surface

- No predicted amphiphilic alpha-helical structure

FSD32 - Highly hydrophobic core < 12% of the total surface
- Highly hydrophobic core < 12% of the total surface
FSD33 - Low hydrophabic moment (2.1)

- Less than 5% leucines (2.9%)

- Difference between % A/L and % K/R greater than 10% (22.9%)
FSD34 No out of limit parameters.

- Highly hydrophobic core < 12% of the total surface

- Low hydraphobic moment (2.8)

FSD35 - High % of A/L (48.6%)

- Difference between % A/L and % K/R greater than 10% (22.8%)
- Low % of total non-AL/K/R residues (2.85%)

- No predicted amphiphilic alpha-helical structure

- Low hydrophobic moment (3.3)

- Highly hydrophobic core < 12% of the total surface

- Difference between % A/L and % K/R greater than 10% (11.4%)
FSD37 - No predicted amphiphilic alpha-helical structure

FSD38 - Difference between % AL and % K/R greater than 10% (20%)
FSD39 - Highly hydrophobic core < 12% of the total surface

FSD40 No out of limit parameters.

FSD41 - High % of A/L (46%)

- Difference between % A/L and % K/R greater than 10% (23%)
FSD42 - Less than 5% leucines (2.9%)

FSD36

Hel a cells were cultured and tested in the protein transduction assay described in Example 3.1a. GFP-NLS recombinant
protein (10 uM) was co-incubated with 10 uM of the peptide and then exposed to Hel a cells for 1 min. The cells were subjected to
flow cytometry analysis as described in Example 3.3. Results are shown in Table C3.
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Table C3. Transduction of GFP-NLS in HeLa cells by machine-designed synthetic peptides

Mean % cells with GFP signal

Cells  Peptide (+ St Dev.: n=3) Cell viability (%) ( St. Dev.; n=3)
No peptide 022 £0.03 100

FSD27* 25.49 + 6.52 96.6 + 4.94
FSD28 0.83+0.29 994 + 4.04
FSD29 6.43+26 89.8 + 848
FSD30 175+ 1.14 99.1+£0.52
FSD31 6.90+1.27 978422
FSD32 312+1.03 99.2 £3.37
FSD33 0.68 + 0.45 981 +1.73

Hela | FSD34* 32.89+ 89 97.9+8.18
FSD35 2.08+0.92 81.7£345
FSD36 035+02 989 +0.38
FSD37* 11.57+2.99 739 +262
FSD38 461+1.33 981735
FSD39 0.23+0.09 973207
FSD40* 32.66 £ 0.77 83.9+4.16
FSD41* 36.99 + 0.88 79.5+0.33
FSD42 159+0.39 973107

* Peptides demonstrating transduction efficiencies above 10% appear in bold.

Interestingly, the three peptides generated using the algorithm that respected all of the design parameters set forth in Table
A1 (i.e, FSD27, FSD34 and FSD40) each demonstrated 25-33% transduction efficiency, with cell viabilities ranging from 83.9%-
98%. The other peptides generally demonstrated transduction efficiencies below 12%, except for FSD41, which demonstrated a
transduction efficiency of 37% (albeit with higher toxicity than FSD27, FSD34, and FSD40). Although only a single parameter (i.e.,
efficiency score) was used to program the algorithm, the results with FSD27, FSD34 and FSD40 validate the usefulness of the design
parameters set forth in Table A1.

C2 Computer-assisted generation of peptide variants

A computer-assisted design approach was employed to demonstrate the feasibility of designing and generating peptide
variants that respect most or all of the design parameters set forth in Table A1. First, this approach involved manually considering
and comparing the primary amino acid sequences of structurally different yet successful peptide shuttle agents to identify general
consensus sequences that lead to structural parameters (2), (3) and (4) being respected (i.e., amphipathic alpha-helix formation, a
posiively-charged face, and a highly hydrophobic core of 12%-50%). Second, the approach involved computer-assisted random
peptide sequence generation followed by descriptors filtering, implementing the consensus sequences, and one or more of the
design parameters (1) and (5)-(15), in order to generate a list of peptide variants that respect nearly all of the design parameters.
This is discussed in more detail below.

First, the primary amino acid sequences of peptides shown herein to have relatively high transduction efficiency scores
were compared using online multiple sequence alignment toals, including CLUSTALW 2.1 (http://www.genome.jp/tools-bin/clustalw);
MUltiple Sequence Comparison by Log-Expectation (MUSCLE) (htips:/Awww.ebi.ac.uk/Tools/msa/muscle/); and PRALINE
(http: /. ibi.vu.nl/programs/pralinewww/). The peptides selected for comparison included the following eleven peptides: His-
CM18-PTD4; EB1-PTD4; His-C(LLKK)sC-PTD4; FSD5; FSD10; FSD19; FSD20; FSD21; FSD44; FSD46; and FSDE3, but the
analyses were not limited to only these eleven peptides. Fig. 49G shows an alignment of the eleven exemplary peptides using
PRALINE, wherein the “Congistency” scores at the bottom of each aligned residue position represents the degree of conservation
at that residue position (zero being the least conserved, and ten being the most conserved). For example, the alanine (A) at relative

103



WO 2018/068135 PCT/CA2017/051205

position 23 was conserved in all eleven peptides shown in Fig. 49G, and this was assigned a “Consistency” score of 10. Such
multiple sequence analyses of the library of described peptides herein (and others) revealed the following general structures:
(a) [X1]-[X2]-llinker]-[X3]-[X4] (Formula 1);
b)  [X1]-[X2]-llinker]-{X4]-[X3] (Formula 2
c) [X2]-[X1]-flinker]{X3]-[X4] (Formula 3
d) PQHX1Hlinker]{X4]{X3] (Formula 4
) (
(
(

- T T

e) [X3]-[X4]-flinker]-{X1]{X2] (Formula 5
[X3]-[X4]-[linker]-[X2]-[X1] (Formula 6

g)  [X4]-[X3]-flinker]-{X1]{X2] (Formula 7); or

h)  [X4]-[X3]-llinker]-[X2]-[X1] (Formula 8),

where [X1], [X2], [X3], 4], and [linker] are as defined in the table below:

— e e e e
~

—_— =
s}
- =

10

Table C4

2[OH[+]-2[OHIT-1[+]
X1] or 2[Q]-1[+-2[®]-2[+]-

or 1[+-1[®}-1[+}-2[®]-1(q-1[+]-
or [H-1[P]-1[+]-2[P]-2[+]-
-2[Q]-1[+]-2[P]-2[]-
or -2[P]1[+]-2[P}-2[+-
or -2{P][-]-2[P}H[+]-1[C)-
2] or -2[Q1[+H-2[PH[Q-1[+]-

or -2[P]-2[+-1[P}-2[+-
or -2[P]-2[+-1[®}-2[]]-
or -2[PJ-2[+-1[PH[+-1[C)-
or -2[PL-2[+[[PH[G-1[+-

-Gn-
or-Sn-
or -(GnSn)n-
[linker] or (GnSn)nGn-
or -(GnSn)nSn-
or (GnSn)nGn(GnSn)n-
or -(GnSn)nSn(GnSn)n-
A[4-A-
or -3[+]-G-A- or -3[+-A-A-
or -2[+-1[@]-1[+-A- or -2[+]-1[®]-G-A- or -2[+-1[P]-A-A-
3] or -2[+-A-1[+-A or -2[+]-A-G-A or -2[+-A-A-A-
X or -1[®]-3[+-A- or -1[®]-2[+]-G-A- or -1[®]-2[+-A-A-

or A[QH[H-1[P[H-A  or A[PB-[OFG-A  or -A[@]-1[H-1[P]-A-A
o AOHFAIHA  or A[PHF-AGA or -1[d]-1[-A-AA
or -AA[H-A[+A or -A[HAGA or -A[H-AAA
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A 2A A or 1[2A2[+ o ART2AARTA
or AGRAAMHAGAI]  or-A[G-AAGAAL
or 2(+-A2[+] or 2+ A[+A
or 2 ANBHGAIN  or 2GAE
or -A[+[G-AI[H-A or -1[+-1[J-A2[+]
or AFHIGAAAGAE  or A[-20A1H
X4 | or-1b420g-204 or [+2g-Ts+A
or AL 2AGABHGAI  or-A[-2GAIGAL
or 321 or 3GH A or JGHLIGA-AL
or -1[J-2A1[+-A or -1[-2A-2[4 or -1[g-2A 1 H-1[-A
or 2+ A[A or 2[H-1[-1FA
or AGA A or [+ 2A[+H[GA [

or -1[-A-1[J-A-1[4
o [®]=Leu, Phe, Trp, lle, Met, Tyr, or Val

[+] =Lys or Arg

[C] = GIn, Asn, Thr, or Ser

A=Ala

G=Cly

S=S8er

n=anintegerfrom 11020, 11019, 1t0 18, 1t0 17,110 16, 1t0 15, 10 14, 1 to

13,1012, 1t1011,11010,1109, 1108, 1to 7,1t06, 1105 1to1to 4, or 1 to

3

¢  The number preceding the square brackets indicate the number of contiguous
residues (e.g., 3[®] = [®]- [P]- [P])

¢ Underlined sequences indicate the most commonly occurring consensus
sequences, based on the alignment shown in Fig. 49G.

Wherein:

Second, a soript was designed and built in the programming language, Python, to randomly generate and filter sequences
respecting all parameters (except for predicted isoelectric point (pl, parameter 7), because the source code to calculate this
parameter was not available at the time of preparing the present example). Structural parameters 2, 3, 4 (amphipathic alpha-helix,
positively-charged surface, and highly hydrophobic core) described in Table A1 were respected by entering the consensus
sequences set forth in Formulas 1 to 8 and in Table C4 (appropriate alternance of Hydrophobic, Cationic, hydrophilic, Ala and Gly
amino acids in the sequence) into the code, and biochemical parameters (1), (5), (6), and (8)-(15) described in Table A1 were all
individually included into the code to generate 10 000 variant peptide sequences. These variant peptide sequences correspond to
SEQ ID NOs: 243-10 242.

Example D:
Rationally-designed peptides facilitate escape of endosomally-trapped calcein

Calcein endosomal escape assays were performed as generally described in Example 2 and characterized fluorescence
microscopy (data not shown) and by flow cytometry (results for FSD5 are shown below). FSD18 displayed similar results to FSD5
(data not shown).

Table D1 Calcein endosome escape assays

. Peptide exposure Peptide Mean Counts
Cells Peptide time {min) conc. (MM) (£ St. Dev.; n=3) Mean Factor
HelLa | No peptide 0 0 494 +0.39 1.0
1 10 76.31+ 518 154
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FSD5 7.5 56.41 + 5.33 11.3
5 16.27 + 1.27 30
25 1241+ 0.92 15

The result from fluorescence microscopy and flow cytometry experiments showed that rationally-designed peptide shuttle
agents facilitate the escape of endosomally-trapped calcein in a dose-dependent fashion, similar to the domain-based peptide shuttle
agents.

Example E:
Rationally-designed peptides increase transduction efficiency in different cell types

Protein transduction assays in different cell types were conducted as generally described in Example 3.1a (adherent cells)

10 or Example 3.1b (suspension cells), using rationally-designed peptides at the indicated concentrations, 10 uM GFP-NLS as cargo,

and at the indicated times, before being characterized by flow cytometry (Example 3.3) and flucrescence microscopy (Example

3.2). The resullts from the flow cytometry are shown in the tables below. Successful delivery of GFP-NLS to the nucleus of cells was
verified by flucrescence microscopy (data not shown).

15 Table E1: GFP-NLS transduction in HelLa cells
\ Conc. of Incubation Mean % cells with GFP Cell viability
. Peptide conc. . : (%)
Peptide (M) GFP-NLS time signal (£ St. Dev.;
H (uM) (min) (+ St. Dev.; n=3) R
No 0 2 038£0.05 100
peptide
10 1 705+ 6.44 76 +7.45
FSD5 8 1 68.5+ 5.27 85+ 6.27
5 2 63.1+4.19 355 +482
Hela 10 10 1 73.5+ 551 795+6.33
FSD9 8 1 70.2 £ 6.83 823+7.16
5 2 5841493 456 + 3.64
10 1 73.1+5.24 79.75+6.37
FSD10 8 1 559+ 5.22 8342+ 6.38
5 2 458+ 4.16 5561+4.28

Table E2: GFP-NLS transduction in HCC-78 cells (human non-small cell lung carcinoma)

Cell viability
(%)

(£ St. Dev ;
n=3)

Petide conc Conc. of Incubation Mean % cells with GFP
P aw o GFPNLS time signal
H (M) (min) (£ St. Dev.; n=3)

Peptide

. 0 0.21+0.03 100
peptide
HCC-78 10 10 41.9+361 159 +0.83
FSD5 8 69.3+5.27 87.7£6.52
5 34.1+ 3.57 753 +6.18

No
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10 1 45.0%4.23 631527
FSD10 8 1 15.7+ 2.67 761 +6.19
5 2 22.8+3.06 831 +599
10 1 359+ 3.18 465+4.18
FSD12 8 1 39.7+4.08 66.3 +6.03
5 2 21.4%253 751 +6.31

Table E3: GFP-NLS transduction in NCI-H196 cells (human small cell lung cancer)

. Conc. of Incubation Mean % cells with GFP Cell \f,'ab'hty

Pepide  oPudeconc.  gpp g time signal (%)
P (uM) . g (+ St Dev.;
(HM) (min) (£ St. Dev.; n=3) n=3) ’

No 0 2 0.1£0.02 100

peptide

10 1 16+1.27 4719354
FSD5 8 1 9.1£0.99 69.94 +6.38
5 2 7.3+0.82 7719 £6.17
NCI-H196 10 10 1 8.3+£0.76 85.44 +7.66
FSD10 8 1 74+0383 80.97 +8.02
5 2 6.4+0.71 83.22 + 7.5
10 1 6.3+ 0.68 7252 £6.29
FSD12 8 1 4.5+0.38 71.86 +6.44
5 2 5.1+042 76.51 +6.37

Table E4: GFP-NLS transduction in THP-1 cells

Peptide conc Conc. of Incubation Mean % cells with GFP Cell ‘(f,'a)b lity
Peptide P aw - GFPNLS time signal st ey
H (M) (min) (£ St. Dev.; n=3) Sy
No 0 15 0.27 £ 0.01 100
peptide

1 1 42.6+4.29 935+ 564

1 15 504 £ 3.61 784 +6.15

FSD10 2 05 60.5 + 527 9%63+216
2 1 719 563 856+ 5.22

1 1 43.6 £ 3.55 953+ 3.11

1 15 MN7%282 865+ 6.27

THpq | FSD18 2 10 05 534+4.29 979:173
2 1 78.3 + 548 986+ 0.37

2 05 554 4.63 68.7 + 4.29

FSD19 5 0.25 61,5+ 6.07 605571
2 05 471383 756 + 6.38

FSD21 5 0.05 5735452 625516
2 05 51.9  6.39 79.7 + 6.52

FSD25 5 0.05 5154417 6692517
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Table E5. GFP-NLS transduction in various suspension cells

Peoti Conc. of Incubation Mean % cells with GFP Cell viability
Peptide eptideconc.  arp IS time signal (%)
P (M) . gnal (+ St. Dev.;
(M) (min) (+ St. Dev.; n=3) n=3)
No "
oeptice [All] 0 90 0.36 + 0.03* 100
1 90 24+ 042 62.5+6.17
DOHH2 2 2 26.8+2.19 798 +6.18
10 27.2+2.46 250 + 2.66
1 90 12.3+ 0.96 88.3 = 7.91
HT2 2 % 31.0+ 255 80.7 +7.10
10 82.5+ 4.07 639 +535
90 101+ 1.11 986 +0.39
Jurkat 2 0 11.0%1.29 97.4+1.09
10 9.9+1.06 96.6 + 2.46
FSD18 1 0 90 136+ 217 976 = 105
KMS-12BM 2 % 26.2+ 393 95.1 + 356
10 21.0£1.76 92.7 + 411
90 1.80+ 0.88 96.2 + 253
REC-1 2 0 109+ 1.34 99.0 +0.39
10 250 +1.89 250+317
90 2.80+0.33 99.1 +0.08
NK 2 30 6.41%1.12 983 +1.00
15 65.7+ 5.27 949 + 163

* Quantification of the negative control (“no peptide”) was similar for all cell lines tested. Thus, the data (*) represents an average
from the “no peptide” controls for all cell lines tested.

Example F:
Rationally-designed peptide shuttle agents enable transduction of antibodies

FA Transduction of fluorescently labeled antibodies by FSD5 in HeLa cells

Protein transduction assays were conducted as generally described in Example 3.1, using the peptide FSD5 and an
antibody as cargo after 1 min incubation time, before being characterized by fluorescence microscopy (Example 3.2). Figure 50
shows the results of the cytoplasmic transduction of Goat Anti-Mouse IgG H&L (Alexa Fluor® 488) and Goat Anti-Rabbit IgG H&L
(Alexa Fluor® 594) antibodies delivered in HelLa cells by the peptide FSD5 (8 M) for 1 min and visualized by fluorescence
microscopy at 20x magnification for the Alexa Fluor 584 Ab (Fig. 50A); and at 10x and 20x magnification for the Alexa Fluor 488 Ab
(Fig. 50B and S0C, respectively). The bright field and fluorescence images of living cells are shown in upper and lower panels,
respectively.

The following experiments show that other FSD peptides can also deliver functional antibodies: an anti-NUP98 antibody
which labels the nuclear membrane, and two anti-Active Caspase3 antibodies that bind and inactivate the pro-apoptotic Caspase 3
protein. The delivery, microscopy and cell immune-labelling protocols are described in Example 3.
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F.2 Transduction of anti-NUP98 antibody by FSD19 in HeLa cells

Anti-NUPS8 antibody (10 pg) was co-incubated with 7.5 M of FSD19 and exposed to Hela cells for 4 hours. Cells are
washed, fixed with paraformaldehyde 4%, permeabilized with 0.1% Triton™ and |abeled with a fluorescently labeled (Alexa™ Fluor
488) goat anti-rat antibody. Antibody bound to the perinuclear membrane and cell nuclei were visualized by fluorescence microscopy
at 20x (upper panels) and 40x (lower panels). As shown in Fig. 50D, green fluorescent sighal emanated from the nuclear membrane
(Ieft panels) and overlapped with Hoechst staining (right panels), demenstrating that the anti-NUP98 antibody retained its functionality
inside the cell following its transduction.

F.3 Transduction of two functional anti-Active Caspase 3 antibodies by FSD23 in THP-1 and Jurkat cells:
Quantification by ELISA cleaved PARP assay

A monoclonal (mAb) and a polyclonal (pAb) anti-Active Caspase 3 antibodies (2 g) were independently co-incubated with
THP-1 and Jurkat cells for 5 min in the presence of FSD23 at 7.5 uM. The anti-apoptotic effect of each antibody was assessed via
the level of Caspase 3-activated apoptosis with an ELISA cleaved PARP assay and quantified by specirometry as described below.

The day of the experiment, cells in exponential growth phase were harvested, centrifugated (400g for 3 min) and
resuspended in serum-free RPMI in a 96-well plate (500,000 cells in 150 L per well). Cells were centrifugated and incubated for 5
min with a mix composed by the peptide to be tested (7.5 uM) and 2 g of the antibody to be transduced. Cells were centrifuged
and resuspended in RPMI with serum in a 24-well plate for 1 h at 37°C. Actinomycin D (2 ug/mL), a cytotoxic inducer of apoptosis,
was incubated with the cells for 4 h. Cells were washed with cold PBS and tested using the PARP (Cleaved) [214/215] Human ELISA
Kit (ThermoFisher) according to the manufacturer's instructions followed by spectroscopy analysis. Results are shown in Table F1.

Table F1. Cleaved PARP ELISA assay after transduction of anti-TNF or anti-Active Caspase 3 antibody by FSD23 in THP-1
and Jurkat cells

Call type Antibody Actinomycin D ?Kﬁ?l.ii?igi gg's[;';)r
anti-TNF (control) - (1)32;1
THP-1 ] anti-Active Caspase 3 mAb + gigz
anti- Active Caspase 3 pAb " g;zi
anti-TNF (control) " 3i§;
Jurkat | anti- Active Caspase 3 mAb + g;g:
anti- Active Caspase 3 pAb + g;ﬁ

Results in THP-1 and in Jurkat cells show that FSD23 successfully transduced functional anti-Active Caspase 3 antibodies.
Anti-TNF antibody was used as a non-specific negative control and actinomycin D as a cytotoxic inducer of apoptosis. In the absence
of actinomycin D (*-“), the delivery of each anti-Active Caspase 3 mAb and pAb resulted in the reduction of the basal level of apoptosis
compared to the “anti-TNF" control, in which the delivery of the anti-TNF antibody had no discernable impact on cell viability. In
presence of actinomycin D (“+"), the resulting apoptosis was reduced after the delivery of both anti-Active Cagpase 3 antibodies with
FSD23 compared to the "anti-TNF" control.
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Example G:
Rationally-designed peptide shuttle agents enable transduction of CRISPR-based genome editing complexes

We tested the ability of rationally-designed peptide shuttle agents to deliver functional CRISPR-based genome editing
complexes to the nucleus of eukaryofic cells using standard DNA cleavage assays. These assays were used to measure
CRISPR/Cas9 and CRISPR/Cpfi-mediated cleavage of cellular genomic DNA sequences HPRT (Hypoxanthine
Phosphoribosyltransferase 1) and DNMT1 (DNA (Cytosine-5-)-Methyltransferase 1), respectively. Homologous-directed
recombination (HDR) of short (72 bp) and long (1631 bp) DNA templates were performed at the HPRT genomic cut site, and
measured after intracellular delivery of the genome editing complexes with different shutile agents.

GA1 CRISPR/Cas9-NLS complex transduction by rationally-designed peptide shuttle agents, cleavage of genomic
target sequence, and homologous-directed recombination in different cell lines

G.1.1  Transduction of functional CRISPR/CasS9-NLS complexes

Cas9-NLS recombinant protein was prepared as described in Example 13.1. A mix composed of a Cas3-NLS recombinant
protein and crRNA/tracrRNA (see below) targeting a nucleotide sequence of the HPTR genes were co-incubated with different
concentrations of FSD5, FSD8, FSD10 or FSD18 and incubated with Hel.a, HCC-78, NIC-H196 or REC-1 cells for 2 min in PBS, or
48 h in medium with serum, using the transduction protocols as generally described in Example 3.1a. Cells were then washed with
PBS and harvested to proceed with the T7E1 protocol assay as described in Example 13.4.

The sequences of the crRNA and fracrRNAs constructed and their targets were;

- Feldan tracrRNA [SEQ ID NO: 77]:
57— AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGARAAAAGUGGCACCGAGUCGGUGCU-3'

- HPRT crRNA [SEQ ID NO: 103]:
5" - AAUUAUGGGGAUUACUAGGAGUUUUAGAGCUAUGCU-3'

Figures 51A-51F show the results of the cleavage of the targeted genomic HPRT DNA sequence with the CRISPR/Cas9
(2.5 uM) and the crRNA/tracrRNA (2 uM) in the absence (- ctrl”) or presence of the shuttle agents FSD5, FSD8, FSD10 or FSD18
used at different concentrations, exposure times, and in different types of cells; Hela (Fig. 51A and 51B); NK (Fig. 51C); NIC-196H
(Fig. 51D); HCC-78 (Fig. 51E) and REC-1 cells (Fig. 51F), after separation by agarose gel electrophoresis. In some cases, gel lanes
were loaded in duplicate. Thin dashed arrows indicate the bands corresponding to the target gene, and thicker solid arrows indicate
the bands corresponding to the cleavage products of this target gene, which indicate the successful transduction of functional
CRISPR/Cas2-NLS genome editing complexes. We used a Bio-Rad ImageL.ab™ software (Version 5.2.1, Bio-Rad, http:/fwww.bio-
rad.com/en-ca/product/image-lab-software?tab=Download) 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 (thicker solid arrows). No cleave
product bands were found in the negative controls (“- ctrl”, i.e., to cells that were exposed to CRISPR/Cas3-NLS complex in the
absence of shuttle agent). These results indicate the successful delivery of the CRISPR genome-editing complexes to the nucleus,
resulting in cleave of the target gene.

G.1.2__ Transduction of CRISPR/Cas9-NLS complexes with short linear DNA template, resulting in_homologous-directed
recombination
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A mix was prepared containing: a Cas9-NLS recombinant protein (2.5 uM) (see Example 13.1); the crRNA/tracrRNA (2
uM) targeting a nucleotide sequence of the HPTR genes (see above); the peptide shuttle agent FSD5 (15 uM); and either 0 ng or
500 ng of a short linear template DNA (72 bp; see below).

Short DNA template [SEQ ID NO: 154]:
5’ -TGAAATGGAGAGCTAAAT TATGGGGATTACAAGCTTGATAGCGAAGGGGCAGCAATGAGTTGACACTACAGA-3

This mixture was exposed to Hel_a cells for 48 h in culture media containing serum. Cells were then washed and subjected
to the T7E1 assay as described in Example 13.4.

Figure 51G shows the cleavage of the targeted HPRT genomic sequence by the CRISPR/Cas9 complex transduced by
FSD5 (15 uM), in the absence ("No template”) or presence (+500 ng) of the short DNA template. Thin dashed arrows indicate the
bands corresponding to the target gene, and thicker solid arrows indicate the bands corresponding to the cleavage products of this
target gene, which indicate the successful fransduction of fully functional genome editing complexes. 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 (thicker solid arrows). These
results show that FSD5 can transduce a functional CRISPR/Cas9 complex in the presence or absence of template DNA.

To verify whether homologous-directed recombination occurred, we used the genomic DNA extracted from FSD5/CRISPR
/ short DNA template-treated cells to amplify the short DNA template sequence with specifically designed oligonucleotide primers
targeting this sequence. The amplification of the short DNA template sequence confirmed the ingertion of this template in the genome
after the cutting of the HPRT gene by the CRISPR/Cas3-NLS genome editing complex. The PCR products were resolved by agarose
gel electrophoresis and the results are shown in Figure §1H. No amplification was detected in the “no template” sample, in which
the genomic DNA was cut but no DNA template was provided (Fig. 51H). In contrast, an amplicon of appropriate size (Fig. 51H,
thick solid line) was detected for the “+500 ng" sample, in which the genomic DNA was cut and a DNA template was provided.
Detection of the amplicon indicates successful insertion of the short DNA template sequence info the genome. These resulis show
that FSD5 can fransduce CRISPR/Cas9 complex in the presence of a short DNA template, resulting in homologous-directed
recombination.

G.1.3  Transduction of CRISPR/Cas9-NLS complexes with long linear DNA template, resulting in homologous-directed
recombination

A mix was prepared containing: a Cas9-NLS recombinant protein (2.5 uM) (see Example 13.1); the crRNA/tracrRNA (2
UM) targeting a nucleotide sequence of the HPTR genes (see above); the peptide shuttle agent FSD5 (15 uM); and either 0 ng or
500 ng of a long linear template DNA encoding GFP (1631 bp; see below).

- GFP coding DNA template [SEQ ID NO: 156]:

5’ AAGTAATCAAT TACGGGGTCATTAGTTCATAGCCCATATATGGAGTTCCGCGTTACATAACTTACGGTAAAT GGCCCGCCTGGCTGACCGCCC
AACGACCCCCGCCCATTGACGTCAATAATGACGTATGTTCCCATAGTAACGCCAATAGGGACTTTCCATTGACGTCAATGGGTGGAGTATTTACG
GTAAACTGCCCACTTGGCAGTACATCAAGTGTATCATATGCCAAGTACGCCCCCTATTGACGTCAATGACGGTAAATGGCCCGCCTGGCATTATG
CCCAGTACATGACCTTATGGGACTTTCCTACTTGGCAGTACATCTACGTATTAGTCATCGCTATTACCATGGTGATGCGGTTTTGGCAGTACATC
AATGGGCGTGGATAGCGGTTTGACTCACGGGGATTTCCAAGTCTCCACCCCATTGACGTCAATGGGAGTTTGTTTTGGCACCAAAAT CARCGGGA
CTTTCCAAAATGT CGTAACAACTCCGCCCCATTGACGCAAAT GGGCGGTAGGCGTGTACGGTGGGAGGTCTATATAAGCAGAGCTGGTTTAGTGA
ACCGTCAGATCCGCTAGCGCTACCGGTCGCCACCATGGETGAGCAAGGGCGAGGAGCTGTTCACCGGEEETGGTGCCCATCCTGGTCGAGCTGGACG
GCGACGTAAACGGCCACAAGTTCAGCGTGTCCGGCGAGGGCGAGGGCGAT GCCACCTACGGCAAGCTGACCCTGAAGTTCATCTGCACCACCGGC
AAGCTGCCCGTGCCCTGGCCCACCCTCGTGACCACCCTGACCTACGGCGTGCAGTGCTTCAGCCGCTACCCCGACCACATGAAGCAGCACGACTT
CTTCAAGTCCGCCATGCCCGARAGGCTACGTCCAGGAGCGCACCATCTTCT TCAAGGACGACGGCAACTACAAGACCCGCGCCGAGGTGAAGTTCG
AGGGCGACACCCTGGTGAACCGCATCGAGCTGAAGGGCATCGACTTCAAGGAGGACGGCAACAT CCTGGGGCACAAGCTGGAGTACAACTACAAC
AGCCACAACGTCTATATCATGGCCGACAAGCAGAAGAACGGCATCARAGGT GAACTTCAAGATCCGCCACAACATCGAGGACGGCAGCGTGCAGCT
CGCCGACCACTACCAGCAGRACACCCCCATCGGCGACGGCCCCETGCTGC TGCCCGACAACCACTACCTGAGCACCCAGTCCGCCCTGAGCAAAG
ACCCCAACGAGAAGCGCGATCACATGGTCCTGCTGCGAGTTCGTGACCGCCGCCGGGATCACTCTCGGCATGCGACGAGCTGTACAAGT CCGGACTC
AGATCTCGAGCTCAAGCTTCGAATTCTGCAGTCGACGGTACCGCGGGCCCGGGATCCACCGGATCTAGATAACTGATCATAATCAGCCATACCAC
ATTTGTAGAGGTTTTACTTGCTTTAAAARAACCTCCCACACCTCCCCCTGAACCTGAAACATAAAATCGAATGCAATTGTTGTTIGTTAACTTGTTTA
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TTGCAGCTTATAATGGTTACAAATAAAGCAATAGCATCACAAATTTCACAAATAAAGCATTTTTTTCACTGCATTCTAGTTGTIGGTTTGTCCARA
CTCATCAATGTATCTTAA-3"

This mixture was exposed to Hela cells for 48 h in culture media containing serum. Cells were then washed with PBS and
harvested to proceed with the T7E1 protocol assay as described in Example 13.4.

Figure 511 shows the cleavage of the targeted genomic HPRT genomic sequence by the CRISPR/Cas9 complex
transduced by FSD5 (15 uM), in the absence ("No template’) or presence (“+ 500ng”) of the long DNA template. The cleavage
products are indicated with thick solid arrows. These results show that FSD5 can fransduce a functional CRISPR/Cas9 complex in
the presence or absence of a long template DNA.

To verify whether homologous-directed recombination occurred, we used the genomic DNA extracted from FSD5/ CRISPR
/ long DNA template-treated cells to amplify the long DNA template sequence with specifically designed cligonucleotide primers
flanking this sequence. The amplification of the long DNA template sequence confirmed the insertion of this template in the genome
after the cutting of the HPRT gene by the CRISPR/Cas9-NLS genome editing complex. The PCR products were resolved by agarose
gel electrophoresis and the results are shown in Figure 51J. In the “No template’ sample, a single band corresponding to the
amplicon lacking the long DNA template ingertion was detected. In contrast, additional larger bands (indicated with an arrow) were
detected for the “+500 ng” (faint) and “+1000 ng” (darker) samples, indicating some insertion of the long DNA template into the
genomic DNA had occurred. These results show that FSD5 can transduce CRISPR/Cas9 complex in the presence of a long DNA
template, resulting in homologous-directed recombination.

G2 CRISPR/Cpf1-NLS complex transduction by rationally-designed shuttle agents, cleavage of genomic target
sequence in HeLa and NK cells

A mix composed of a Cpf1-NLS recombinant protein (2.5 uM) and crRNA (2 uM; see below) targeting a nucleotide
sequence of the DNMT1 gene was co-incubated with different concentrations of FSD18 and incubated with Hel.a or NK cells for 2
min in HelLa cells, or 80 secin NK cells in PBS or in medium without serum using fransduction protocols as described in Example
31a

The sequence of the Cpf1-NLS recombinant protein produced was;

MTQFEGEFTNLYQVSKTLRFELI PQGKTLKHIQEQGFIEEDKARNDHYKELKPTIIDRIYKT YADQCLOLVQLDWENLSAAID
SYRKEKTEETRNALIEEQATYRNATHDYFIGRTDNLTDAINKRHAEI YKGLFKAELFNGKVLKQLGTVITTEHENALLRSF
DKFTTYFSGFYENRKNVESAEDI STAIPHRIVQDNFPKFKENCHI FTRLITAVPSLREHFENVKKAIGIFVSTSIEEVESE
PFYNQLLTQTQIDLYNQLLGGI SREAGTEKIKGLNEVLNLATQKNDETAHI TASLPHRFIPLFKQILSDRNTLSFILEEFK
SDEEVIQSFCKYKTLLRNENVLETAEALENELNSIDLTHIFISHKKLETISSALCDHWDTLRNALYERRISELTGKITKSA
KEKVQRSLKHEDINLQEIISAAGKELSEAFKQKTSEILSHAHAATLDQPLPTTLKKQEEKEI LKSQLD SLLGLYHLLDWFAV
DESNEVDPEFSARLTGIKLEMEPSLSEFYNKARNYATKKPYSVEKFKLNFOMPTLAS GWDVNKEKNNGAI LFVKNGLYYLGI
MPKQKGRYKALSFEPTEKTSEGFDKMYYDYFPDAAKMI PKCSTQLKAVTAHFQTHTTPILLSNNFIEPLEITKEIYDLNNP
EKEPKKEFQTAYAKKTGDQKGYREALCKWIDFTRDFLSKYTKITSIDLSSLRPSSQYKDLGEYYAELNPLLYHI SFQRIAEK
EIMDAVETGKLYLFQIYNKDFAKGHHGKPNLHTLYWTGLESPENLAKT SIKLNGQAELFYRPKSRMKRMAHRLGEKMLNKK
LKDQKTPIPDTLYQELYDYVNHRLSHDLSDEARALLPNVITKEVSHEI IKDRRFTSDKFFFHVPITLNYQAANS PSKFNQR
VNAYLKEHPETPIIGIDRGERNLIYITVIDSTGKILEQRSLNT IQQFDYQKKLDNREKERVAARQAWSVVGTIKDLKQGYL
SQVIHEIVDLMIHYQAVVVLENLNFGFKSKRTGIAEKAVYQQFEKMLIDKLNCLVLKDYPAEKVGGVLNPYQLTDQFTSFA
KMGTQSGFLFYVPAPYTSKIDPLTGEFVDPFVWKT IKNHESRKHFLEGFDFLHYDVKTGDF I LHFKMNRNLS FQRGLPGFMP
AWDIVFEKNETQFDAKGTPFIAGKRIVPVIENHRFTGRYRDLYPANELIALLEEKGIVFRDGSNILPKLLENDDSHAIDTM
VALTRSVLOMRNSNAATGEDYINSPVRDLNGVCFDSREFQNPEWPMDADANGAYHIATKGQLLLNHLKES KDLKLONGISNQ
DWLAYIQELRNGGRS SDDEATADS QHAAPPKKKRKVGGSGGGS GGGSGGGRHHHHHH [SEQ ID NO: 155]

(MW = 155.7kDa; pl =8.34)
NLS sequence is underlined
Serine/glycine rich linkers are in bold

The sequences of the crRNA used was as follows:

- DNMT1 crRNA [SEQ ID NO: 157]:
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57 = AAUUUCUACUGUUGUAGAUCUGAUGGUCCAUGUCUGUUACUC -37

After 2 min (Hela) or 90 sec (NK), cells were washed with PBS and harvested to proceed with the T7E1 protocol assay as
described in Example 13.4. The PCR-amplified DNMT1 DNA sequence and the PCR-amplified cleavage product of this sequence
were resclved on agarose gels and the results are shown in Figures 51K (HelLa cells) and 1L (NK cells). The negative contral (-
ctrl") corresponds to cells that were exposed to CRISPR/Cpf1-NLS complex in the absence of the shuttle agent. Thin dashed arrows
indicate the bands corresponding to the target gene, and thick solid arrows indicate the bands corresponding to the cleavage products
of this target gene, which indicate the successful transduction of fully functional CRISPR/Cpf1-NLS genome editing complexes. 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). These results show that FSD 18 can transduce a functional CRISPR/Cpf1-NLS complex into the nucleus of these
cells to effect cleavage of the target gene.

The CRISPRMAX™ technology is a commercially available lipofectamine-based fransfection reagent optimized for
CRISPR-Cas9 protein delivery. However, an equivalent reagent does not presently exist for the transduction of CRISPR-Cpf1.
Interestingly, when we used the CRISPRMAX™ reagent, it was unable to deliver the CRISPR/Cpf1-NLS complex in adherent and
suspension cells. In contrast, FSD18 enabled a robust cleavage of the DNMT1 target in Hela cells, and a lower but observable
cleavage in NK cells.

These results show that the shuttle agent FSD18 successfully delivered a functional CRISPR/Cpf1-NLS complex to the
nucleus of Hel.a and NK cells, and that this delivery resulted in a CRISPR/Cpf1-NLS-mediated cleavage of genomic DNA.

Examples G.3-G.10:
Rationally-designed peptide shuttle agents enable single or multiple gene targeting, and/or co-delivery of different

CRISPR-based genome editing complexes

These examples support the ability of rationally-designed peptide shuitle agents to enable the delivery and edition of
multiple gene targets simultaneously. Functional CRISPR-based genome editing complexes were delivered to the nucleus of
eukaryotic calls, and successful genome editing was evaluated using standard DNA cleavage assays. These assays were used to
measure CRISPR/Cas3-mediated cleavage of cellular genomic DNA sequences HPRT (Hypoxanthine Phosphoribosyliransferase
1) and B2M (2 microglobulin HLA subunit), and to measure CRISPR/Cpf1-mediated cleavage of cellular genomic DNA sequences
NKG2A (Inhibitory NK cell receptor 2A), GSK3 (Glycogen Synthase Kinase 3), CBLB (E3 Ubiquitin-protein Ligase), DNMT1 (DNA
(Cytosine-5-)-Methyliransferase 1) and B2M (2 microglobulin HLA subunit). We also performed more complex genome editing
approaches with the delivery of multiple CRISPR systems targeting one or two genes in the same cells. CRISPR/Cas9 and
CRISPR/Cpf1 complexes were delivered together in Hela cells to edit the HPRT and DNMT1 genes, respectively, or to edit the B2M
gene in two different loci of exon 2. Finally, we co-delivered two CRISPR/Cpf1 complexes, each carrying a specific crRNA, to edit
two exons in the B2M gene in NK cells.

G3 Different rationally-designed peptide shuttle agents deliver CRISPR/Cas9-NLS and CRISPR/Cpf1 complexes for
B2M gene editing in HeLa, THP-1 and NK cells

Cas9-NLS recombinant protein was prepared as described in Example 13.1. Cpf1-NLS recombinant protein was prepared
as described in Example G.2. A mix composed of a CasS-NLS recombinant protein with its respective crRNA/tracrRNA, or a Cpf1-
NLS recombinant protein with its respective single guide crRNA(s) (see below) targeting a nucleotide sequence of the B2M gene,
was co-incubated with different concentrations of the peptides FSD10, FSD18, FSD19, FSD21, FSD22, or FSD23 and incubated
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with Hel.a, THP-1 or NK cells for 90 sec in PBS, or for 1h in medium without serum, or for 48 h in medium with serum, using the
transduction protocols as generally described in Example 3.1a. Cells were then washed with PBS and harvested to proceed with
the T7E1 protocol assay as described in Example 13.4.

The sequences of the crRNAs and fracrRNAs constructed and their targets were;

- Feldan tracrRNA [SEQ ID NO: 77]:
57— AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGAAAAAGUGGCACCGAGUCGGUGCU -3

- Cas9-flanked B2M-crRNA [SEQ ID NO: 160]:
5" - GAGTAGCGCGAGCACAGCTAGUUUUAGAGCUAUGCUGUUUUG -37

- Cpfl-flanked B2M crRNA-1 [SEQ ID NO: 161]:
5’ - AAUUUCUACUGUUGUAGAUAUCCAUCCGACAUUGAAGUU -3

- Cpfl-flanked B2M crRNA-2 [SEQ ID NO: 162]:
5’ - AAUUUCUACUCUUGUAGAUCCGAUAUUCCUCAGGUACUCCA -3’

Figures 52A-52D show the results of the cleavage of the targeted genomic B2M DNA sequence after the delivery of
CRISPR/Cpf1 (1.33 uM) with crRNA-1 or crRNA-2 (2 uM) in the absence (*- ctrl”) or in the presence of the peptides FSD10, FSD18,
FSD19, FSD21 or FSD23 used at different concentrations, exposure times, and in different types of cells: THP-1 (Fig. 52A), and NK
(Figs. 52B, 52C, 52D), after separation by agarose gel electrophoresis. Figure 52D shows cleavage products of the genomic B2M
exon 2 DNA sequence after the delivery of a CRISPR/Cpf1 complex carrying a specific single guide RNA (crRNA-1 or crRNA-2) in
presence of FSD18 or FSD21, respectively. Figure 52E shows the cleavage product of the genomic B2M exon 2 DNA sequence
with CRISPR/Cas9 (2.5 uM) and crRNA (2 uM) in the absence (*- ctrl”) or in the presence of the peptide FSD22 used at 10 uM for
1hin Hela cells, after separation by agarose gel electrophoresis. Gel lanes were loaded in duplicate. Thin dashed arrows indicate
the bands corresponding to the target gene, and thick solid arrows indicate the bands corresponding to the cleavage products of this
target gene, which indicate the successful transduction of fully functional CRISPR genome editing complexes. We used a Bio-Rad
Imagel_ab™ software (Version 5.2.1, Bio-Rad, http:/iwww.bio-rad.com/en-ca/product/image-lab-software?tab=Download) to quantify
the relative signal intensities of each of the different bands directly on the 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). No cleavage product bands were found in the negative controls (*- ctrl”, i.e., to cells
that were exposed to CRISPR system in the absence of FSD peptide). These results indicate the successful delivery of the CRISPR
genome-editing complexes to the nucleus, resulting in cleavage of the target gene.

G4 Different rationally-designed peptide shuttle agents deliver CRISPR/Cpf1 systems for GSK3, CBLB and DNMT1
gene editing in NK, THP-1 and primary myoblasts cells.

Cpf1-NLS recombinant protein was prepared as described in Example G.2. A mix composed of a Cpf1-NL S recombinant
protein with a single guide crRNA (see below) targeting a nucleotide sequence of the GSK3, CBLB or DNMT1 genes was co-
incubated with different concentrations of FSD10, FSD18, FSD19 or FSD23 and incubated with NK cells for 48h in medium with
serum, and in THP-1 or in primary myablasts cells for 90 sec in PBS, using the transduction protocols as generally described in
Example 3.1a. Cells were then washed with PBS and harvested to proceed with the T7E1 protocol assay as described in Example
134,

The sequences of the crRNA constructed and their targets were:
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- GSK3 crRNA [SEQ ID NO: 163]:
5’ - AAUUUCUACUCUUGUAGAUCUUUCUUCCUUUAGGAGACA -3

- CBLB crRNA [SEQ ID NO: 164]:
5/ - AAUUUCUACUCUUGUAGAUAAGAACUAAAAUUCCAGAUG -3’

- DNMT1 crRNA [SEQ ID NO: 157]:
5’ - AAUUUCUACUGUUGUAGAUCUGAUGGUCCAUGUCUGUUACUC -3’

Figures 52F-52 show the results of the cleavage of the targeted genomic GSK3, CBLB and DNMT1 DNA sequences with
the CRISPR/Cpf1 (1.33 uM) and crRNA (2 uM) in absence (*- ctrl”) or presence of the shuttle agents FSD10, FSD18, FSD19 or
FSD23 used at different concentrations, exposure times, and in different types of cells: NK (Fig. 52F and 52G), THP-1 (Fig. 52H)
and primary myoblasts (Fig. 521) after separation by agarose gel electrophoresis. Gel lanes were loaded in duplicate. Thin dashed
arrows indicate the bands corresponding to the target gene, and thick solid arrows indicate the bands corresponding to the cleavage
products of this target gene, which indicate the successful transduction of fully functional CRISPR genome editing complexes.

G5 Different rationally-designed peptide shuttle agents deliver CRISPR/Cpf1 systems for NKG2A gene editing in NK
cells.

Cpf1-NLS recombinant protein was prepared as described in Example G.2. A mix composed of a Cpf1-NLS recombinant
protein with a single guide crRNA (see below) targeting a nucleotide sequence of the NKG2A gene was co-incubated with different
concentrations of FSD10, FSD21, FSD22 or FSD23 and incubated with NK and NK-92 cells for 90 secin PBS, using the transduction
protocols as generally described in Example 3.1a. Cells were then washed with PBS and harvested to proceed with the T7E1
protocol assay as described in Example 13.4.

The sequences of the crRNA constructed and their targets were:

- NKG2A crRNA [SEQ ID NO: 165]:
5’ - AAUUUCUACUCUUGUAGAUGGGGCAGAUUCAGGUCUGAG -3

Figures 52J-52N show the results of the dleavage of the targeted genomic NKG2A DNA sequence with the CRISPR/Cpf1
(1.33 uM) and crRNA (2 uM) in absence (- ctrl”) or presence of the shuttle agents FSD10, FSD21, FSD22 or FSD23 used at different
concentrations, exposure times, and in NK and NK-92 cells after separation by agarose gel electrophoresis. Gel lanes were loaded
in duplicate. Thin dashed arrows indicate the bands corresponding to the target gene, and thick solid arrows indicate the bands
corresponding to the cleavage products of this target gene, which indicate the successful transduction of fully functional CRISPR
genome editing complexes.

G.6 Different rationally-designed peptide shuttle agents co-deliver CRISPR/Cas9 and CRISPR/Cpf1 complexes for
HPRT, DNMT1 and B2M gene editing in HeLa and NK cells

Cas9-NLS recombinant protein was prepared as described in Example 13.1. Cpf1-NLS recombinant protein was prepared
as described in Example G.2. A mix composed of Cas9-NLS recombinant protein with its respective crRNA/tracrRNA, or Cpf1-NLS
recombinant protein with its respective single guide crRNA(s) (see below) targeting a nucleotide sequence of the DNMT1, HPRT
and B2M genes, was co-incubated with different concentrations of FSD10, FSD18, FSD21 or FSD23, and incubated with Hela or
NK cells for 90 sec or 2 min in PBS using the transduction protocols as generally described in Example 3.1a. Cells were then washed
with PBS and harvested to proceed with the T7E1 protocol assay as described in Example 13.4.

The sequences of the crRNA and fracrRNAs constructed and their {argets were;
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- Feldan tracrRNA [SEQ ID NO: 77]:
57'- AAACAGCAUAGCAAGUUAAAAUAAGGCUAGUCCGUUAUCAACUUGARARAAGUGGCACCGAGUCGGUGCU-3'

- HPRT crRNA [SEQ ID NO: 103]:
5’ - AAUUAUGGGGAUUACUAGGAGUUUUAGAGCUAUGCU-3'

- DNMT1 crRNA [SEQ ID NO: 157]:
57 - AAUUUCUACUGUUGUAGAUCUGAUGGUCCAUGUCUGUUACUC -37

- Cas9-flanked B2M-crRNA [SEQ ID NO: 160]:
5’ - GAGUAGCGCGAGCACAGCTAGUUUUAGAGCUAUGCUGUUUUG -3

- Cpfl-flanked B2M crRNA-1 [SEQ ID NO: 161]:
5’ - AAUUUCUACUGUUGUAGAUAUCCAUCCGACAUUGAAGUU -3’

- Cpfl-flanked B2M crRNA-2 [SEQ ID NO: 162]:
5’ - AAUUUCUACUCUUGUAGAUCCGAUAUUCCUCAGGUACUCCA -3’

Figures 53A-53C show the results of the cleavage of the targeted genomic DNMT1, HPRT and B2M DNA sequences with
different CRISPR systems in the absence (*- ctrl") or in the presence of the shuttle agents FSD10, FSD18, FSD21 or FSD23 used
at different concentrations, exposure times, and in HeLa and NK cells after separation by agarose gel electrophoresis. Figure 53A
shows DNMT1 (left panel) and HPRT (right panel) DNA cleavage products from the same genomic DNA extract after the co-delivery
of a DNMT1-targeting CRISPR/Cpf1 (1.25 uM) complex and a HPRT-targeting CRISPR/Cas® (1.25 pM) complex in HelLa cells.
Figure 53B shows the cleavage products of the B2M exon 2 from the same genomic DNA exfract after the co-delivery of a
CRISPR/Cpf1 (1.25 uM) and a CRISPR/Cas9 (1.25 uM) in Hela cells. Each complex targeted a different locus in the B2M exon 2
via a gpecific crRNA flanking Cpf1 (left panel) or a specific crRNA flanking Cas9 (Right panel). Figure 53C shows the results of the
cleavage of the B2M exon 2 from genomic extracts after the co-delivery of CRISPR/Cpf1 (1.33 uM) complexes, each one carrying a
specific single guide crRNA-1 or crRNA-2 (2 uM) in presence of FSD10 (upper panel), FSD21 (middle panel) or FSD23 (bottom
panel). For each experiment, NK cells were exposed to CRISPR/Cpf1 with crRNA-1 or CRISPR/Cpf1 with crRNA-2, or both
complexes.

G7 Different rationally-designed peptide shuttle agents deliver CRISPR/Cpf1 complexes for B2M gene editing in T
cells — Flow cytometry analysis

Cpf1-NLS recombinant protein was prepared as described in Example G.2.

Unless otherwise specified, T cells used hersin were obtained from healthy human blood collected in heparinized tubes.
T cells were isolated using a Ficol™ technique (Ficoll-Paque™ GE or Lymphoprep™ Stem Cell Technologies). Briefly, blood was
mixed with the Ficoll™ solution in conical tubes (50 mL) and centrifuged at 2280 rpm for 20 minutes. Mononuclear cells were
harvested and transferred in another conical tube (50 mL) before washing with PBS and centfrifugation at 1100 rpm for 10 minutes.
Cells were resuspended in 5 mL of PBS containing 20% FBS. Cells were counted and then incubated in a culture medium composed
by RPMI advanced (cat: 12633012 ThermoFisher), 10% FBS, 1% Pensirep (15140122 ThermoFisher), 1% L-glutamine (25030081
ThermoFisher) IL-2 30U/ml). Next, T cells were enriched with a Human T cell Enrichment Kit (StemCell # cat: 19051) by negative
selection following the manufacturer instructions. The enriched T cells were validated using a specific anti-CD3 antibody (Biolegend
# cat: 300438). At this step, collected cells were typically around 99% T cells. T cells were activated by adding IL-2 at 30 U/mL and
the anti-CD28 antibody (ThermoFisher # cat: 16-0289-85) in complete medium for 5 days prior to experimentation. The activation of
T cell expansion was then double-checked with both anti-CD25 and anti-CD137 antibodies.

Amix composed of a Cpf1-NLS recombinant protein with respective single guide crRNA(s) targeting a nucleotide sequence
of the B2M gene was co-incubated with different concentrations of FSD21 or FSD18 peptide shuttie agents and incubated with T
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cells for 90 seconds in PBS using the transduction protocols as generally described in Example 3.1a. Each of the B2M crRNAs were
designed to mediate CRISPR/Cpf1-based cleavage of the B2M gene, the phenotypic effects of which can be seen by the disruption
of cell surface HLA, which is detectable by flow cytometry using a fluorescent APC Mouse Anti-Human HLA-ABC antibody.

The cells were then resuspended in 100 uL PBS containing 1% FBS and 4 uL of APC Mouse Anti-Human HLA-ABC
antibody before an incubation period of 20 minutes, in the dark, at ambient temperature. Then, 1 mL of PBS containing 1% FBS was
added to the suspension followed by a 1200 rpm centrifugation of 5 minutes. Finally, the pellet was resuspended in 100 to 200 uL of
PBS containing 1% FBS before flow cytometry analysis.

Flow cytometry results based on cell size and granularity using respectively the Forward Scatter (FSC) and the Side Scatter
(SSC) parameters showed that viability of the transduced T cells was not substantially affected by the co-delivery of different tested
concenirations of FSD21 or FSD18 peptide shuttle agents with CRISPR/Cpf1 systems (data not shown).

Figs. 54A-54D and 55A-55D show delivery of CRISPR/Cpf1 genome editing complexes via the shuttle peptides FSD21
and FSD18, respectively. As seenin Figs. 54A and 55A, “untreated” negative control cells, which were not exposed to CRISPR/Cpf1
or shuttle peptide, exhibited no significant genome editing (lack of HLA-negative cells). Figs. 54B-54D show that FSD21
concentrations of 8, 10 and 12 uM resulted in 9.87%, 8.68%, and 12.2% of HLA-negative cells, indicating successful nuclear delivery
of functional CRISPR/Cpf1 genome editing complexes and subsequent genome editing. Figs. 55B-55D show that FSD18
concentrations of 8, 10 and 12 juM resulted in 8.0%, 9.43%, and 7.9% of HLA-negative cells, indicating successful nuclear delivery
of functional CRISPR/Cpf1 genome editing complexes and subsequent genome editing.

G3 Transduction of CRISPR/Cpf1 complexes containing multiple guide crRNA targeting B2M in THP-1 cell lines using
a single rationally-designed peptide shuttle agent

Cpf1-NLS recombinant protein was prepared as described in Example G.2. A mix composed of a Cpf1-NLS recombinant
protein with a single guide crRNA (see below) targeting one of three chosen nucleotide sequences of the B2M gene was co-incubated
with (3 uM) of FSD18 and incubated with THP-1 cells for 90 seconds in PBS, using the transduction protocols as generally described
in Example 3.1a. The same experiments were performed using a mix composed of a Cpf1-NLS recombinant protein with three guide
crRNA (see below), each targeting three different nucleotide sequences of the B2M gene. Flow cytometry experiments were
performed as described in Example G.7. Also, to proceed with the T7E1 protocol assay as described in Example 13.4, cells were
washed with PBS and harvested.

The sequences of the crRNA constructed and their targets were:

- B2M crRNA-E [SEQ ID NO: 166]:
5" - AAUUUCUACUCUUGUAGAUAUCCAUCCGACAUUGAAGUU -3

- B2M crRNA-J [SEQ ID NO: 167]:
5’ - AAUUUCUACUCUUGUAGAUCCGAUAUUCCUCAGGUACUCCA -3'

- B2M crRNA-G [SEQ ID NO: 168]:
5’ - AAUUUCUACUCUUGUAGAUUUAGAGUCUCGUGAUGUUUAAG -3’

Flow cytometry results based on cell size and granularity using respectively the Forward Scatter (FSC) and the Side Scatter
(SSC) parameters show that the viability of the transduced THP-1 cells was not substantially affected by the presence of
CRISPR/Cpf1 systems comprising the guide crRNAs (RNA-E, RNA-G, RNA-J) used separately or in combination (data not shown).
As shown in Fig. 56A, “untreated” negative control cells, which were not exposed to CRISPR/Cpf1 or shuttle peptide,
exhibited no significant genome editing (lack of HLA-negative cells). Figs. 56B-56D show that each guide crRNA (RNA-E, RNA-G,
RNA-J) used separately provided comparable HLA KO efficiencies, while Fig. 56E shows the combination the three guides crRNA
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enhanced the HLA KO efficiency by almost a factor of two. These observations were confirmed by performing a T7E1 cleavage
assay as described in Example 13.4, followed by agarose gel electrophoresis (data not shown).

G9 Increased cytotoxicity of NK cells genome-edited to inactive the NKG2A gene

Genome editing was performed in NK-92 cells to evaluate whether inactivation of the endogenous NKG2A gene could
increase the cytotoxicity of the NK-92 cells. Briefly, one million NK-92 cells were incubated with Cpf1-NLS (1.5 uM) gRNA complex
targeting the NKG2A gene and with FSD23 (6 uM) for 90 sec. After transduction, cells were incubated in complete medium with IL-
2 (20 ng/mL) for 48 h at 37°C. NK-92 cells were then immunolabelled with a phycoerythrin (PE)-labelled anti-NKG2A antibody
(Miltenyi Biotec # CD159a) following the manufacturer recommendations. NK-92 cells were then analyzed with FACS and scored
as a function of their anti-NKG2A detection (PE fluorescence) level and the results are shown in Fig. 57A. 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 celis”).

To study the effect of inactivation of the NKG2A gene on the cytotoxicity of the NK-92 cells, we evaluated the ability of WT
and NKG2A KO NK-92 cells to kill target HelLa cells. The NKG2A receptor encoded by the NKG2A gene in NK cells normally binds
HLA-E epitopes expressed on the surface of potential target cells, which inhibits the cytotoxic activity of the NK cells (effector). To
improve this effector:target cell binding, Hela cells were treated with interferons (50 ng/mL) to increase their HLA-E cell surface
expression. Prior to being exposed to effector NK-92 cells, interferon-treated Hel a cells were exposed for 45 minutes at 37°C to
Calcein-AM (ThermoFisher # C3099), a non-flucrescent, hydrophobic compound that easily permeates intact live cells. The
hydrolysis of Calcein-AM by intracellular esterases produces Calcein, a hydrophilic, strongly fluorescent compound that is well-
retained in the cell cytoplasm. Hela cells with intracellular Calcein were then centrifuged and incubated in complete medium before
being exposed to WT or NKGZA-KO NK cells in a 96-well plate for 4 hrs at 37°C. Killing of the target HelLa cells by effector NK cells
results in release of the intracellular Calcein into the extracellular medium. The 96-well plate was then centrifuged for 5 minutes at
1250 rpm and the Calcein signal in the supernatant was analyzed by spectrophotometry with excitation at 488 nm and detection at
510 nm. Results are shown in Fig. §7B, which presents the percentage of lysis of the target Hela cells (measured by Calcein
release) as a function of different ratios of effector NK cells to target Hela cells (E:T ratic). The results indicate that the knock out of
the NKG2A receptor expression on the surface of NK-92 cells (‘NK92 NKG2A-KO") increased the cytotoxic activity of the effector
cells as compared to wild-type NK-92 cells (*NK92-WT"). More spedifically, NKG2A-KO NK-92 effector cells killed 10-15% more
target Hel a cells than WT NK-92 cells at the different effector:target ratios (E:T ratios) tested.

G.10  Different rationally-designed peptide shuttle agents deliver CRISPR/Cpf1 systems for B2M and NKG2A gene
editing in HeLa and NK-92 cells.

Cpf1-NLS recombinant protein was prepared as described in Example G.2. A mix composed of a Cpf1-NLS recombinant
protein with a single guide crRNA (see below) targeting a nucleotide sequence of the B2M or the NKG2A genes was co-incubated
with 20 uM or 6 UM of the indicated peptide and incubated with HelLa or NK-92 cells, respectively, for 1 min in PBS, using the
transduction protocols as generally described in Example 3.1a. Cells were then washed with PBS and harvested to proceed with
the T7E1 protocol assay as described in Example 13.4.

The orRNA constructed and their targets were: B2M crRNA-G (SEQ ID NO: 168) and NKG2A crRNA (SEQ ID NO: 165).

Table G1 shows the percentage insertions and deletions (% INDELS) resulting from cleavage of the targeted genomic B2M

and NKGZA DNA sequences with CRISPR/Cpf1 (1.33 uM) and orRNA (2 uM), which were transduced with the indicated peptides
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used at different concentrations in HelLa and NK-92 cells after T7E1 assay and direct quantification on agarose gel electrophoresis
(n = 2). The peptide FSD67, which failed to respect parameter (5) (low hydrophobic moment), failed to transduce CRISPR/Cpf1.

Cells Peptides Gene target % INDELs Design parameters
FSD43 50 OK
FSD44 74 OK
FSD45 45 OK
FSD46 74 OK
FSD47 55 OK
FSD48 46 OK
Hela FSD49 B2M 27 OK
FSD50 63 OK
FSD51 65 OK
FSD61 65 OK
FSD62 65 OK
FSD63 70 OK
FSD99 49 OK
FSD115 15 OK
FSD99 32 OK
FSD44 19 OK
FSDé1 23 OK
FSD63 B2M 10 OK
FSD67 crRNA-G 0 Low hydrophobic moment (UH = 2.47)
NK-92 FSD68 8 No hydrophabic core
FSD69 23 OK
FSD70 28 OK
FSD71 15 OK
FSD100 NKG2A 16 OK
FSD101 17 OK

OK = peptide sequence respects parameters (1)-(15).

Example H:
Rationally designed peptide shuttle agents enable transduction of transcription factor HOXB4

Human HOXB4 recombinant protein (Example 14.1) was constructed, expressed and purified from a bacterial expression
system as described in Example 1.4. THP-1 cells were cultured and tested in the protein transduction assay as generally described
in Example 3.1b. Briefly, THP-1 calls were plated at 30 000 cells/well one day before transduction. HOXB4-WT recombinant protein
(300 nM or 50 nM) was co-incubated with FSD10 or FSD18 (1 uM) and then exposed to THP-1 cells for 30 min in the presence of
serum. The cells were subjected to real time-PCR analysis as described in Example 14.2 to measure the mRNA levels of a target
gene as a marker for HOXB4 activity, which was then normalized to the target gene mRNA levels detected in the negative control
cells (no treatment), to obtain a “Fold over control’ value. Total RNA levels (ng/uL) were also measured as a marker for cell viability.
Results are shown below.

Table H1: HOXB4-WT transduction by FSD10 and FSD18in THP-1 cells

Cong. of Fold over control (mean Total RNAin ng/uL

1 St. Dev) (mean t St. Dev)

Cells Cargo / peptide pept HOXB4-WT
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No treatment 0 1+01 172 +9.21
HOXB4-WT alone ’ 15 25+02 175+ 7.05

- FSD10 alone 111014 181 +10.7
% FSD18 alone 1 ’ 1.5+0.09 157 +39
oo o B
FSD18 + HOXBAWT 0?635 672 105l.1691 5t 11 1324

These results show that the shuttle agents FSD10 and FSD18 are able to deliver the transcription factor HOXB4-WT to the
nucleus of THP-1 cells in the presence of serum, resulting in a dose-dependent increase in mRNA transcription of the target gene.

Example I:
Co-transduction with an independent fluorescent protein marker enables isolation of successfully transduced cells

The ability of domain-based and rationally-designed peptide shuttle agents described herein to co-transduce two different
polypeptide cargos simultaneously is shown in Example 9.6 (i.e., co-transduction of the fluorescent proteins GFP-NLS and mCherry-
NLS) and in Example G.6 (.e., co-fransduction of the genome editing complexes CRISPR/Cas9 and CRISPR/Cpf1).

The results presented in Example | demonstrate the successful co-transduction of a fluorescent protein marker (e.g., GFP-
NLS) and a genome editing complex (e.g., CRISPR/Cpf1). Surprisingly, although co-transduction with the fluorescent protein marker
was not found to significantly increase overall genome-editing efficiency per se, a strikingly high proportion of cells positive for
genome-engineering were positive for the fluorescent protein marker. Isolating cells positive for the fluorescent protein marker
resulted in a significant increase in the proportion of successfully genome-edited cells. Furthermore, the correlation was found to be
concentration specific in that cell populations exhibiting the highest fluorescence of the protein marker also exhibited the highest
proportion of successful genome-editing.

11 Enrichment of genome-edited T cells by FACS following co-transduction of CRIPSR/Cpf1-NLS and GFP-NLS

Cpf1-NLS recombinant protein was prepared as described in Example G.2 and GFP-NLS recombinant protein was
prepared as described in Example 5.1.

Unless otherwise specified, T cells used herein were obtained from healthy human blood collected in heparinized tubes.
T cells were isolated using a Ficol™ technique (Ficoll-Pague™ GE or Lymphoprep Stem Cell Technologies). Briefly, blood was
mixed with the Ficol™ solution in conical tubes (50 mL) and centrifuged at 2280 rpm for 20 minutes. Mononuclear cells were
harvested and transferred in another conical tube (50 mL) before washing with PBS and centfrifugation at 1100 rpm for 10 minutes.
Cells were resuspended in 5 mL of PBS containing 20% FBS. Cells were counted and then incubated in a culture medium composed
by RPMI advanced (cat; 12633012 ThermoFisher), 10% FBS, 1% Penstrep (15140122 ThermoFisher), 1% L-glutamine (25030081
ThermoFisher) IL-2 30U/ml). Next, T cells were enriched with a Human T cell Enrichment Kit (StemCell # cat: 19051) by negative
selection following the manufacturer instructions. The enriched T cells were validated using a specific anti-CD3 antibody (Biolegend
# cat: 300438). At this step, collected cells were typically around 99% T cells. T cells were activated by adding IL-2 at 30 U/mL and
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the anti-CD28 antibody (ThermoFisher # cat: 16-0289-85) in complete medium for 5 days prior to experimentation. The activation of
T cell expansion was then double-checked with both anti-CD25 and anti-CD137 antibodies.

T cells were transduced with a CRISPR/Cpf1 complex comprising a guide RNA (B2M crRNA-E, SEQ ID NO: 166) designed
to cleave and inactivate the B2M gene as generally described in Example G.2, resulting in the inactivation of cell surface HLA in
genome-edited cells. Briefly, 4 million of activated T cells were used for each condition. In one experimental condition, cells were
treated with a mix containing the peptide FSD18 at 15 uM and the CRISPR/Cpf1-NLS complex just before incubation with cells for
90 seconds. In a second experimental condition, GFP-NLS (20 uM) was added to the mix containing FSD18 at 15 uM and the
CRISPR/Cpf1-NLS complex just before incubation with cells for 90 seconds. Untreated cells were used as negative control. After
transduction, cells were washed and resuspended in culture media. Unfreated cells and cells freated with the CRISPR/Cpf1-NLS
complex were incubated in complete media for 48 hours before flow cytometry and T7E1 analysis. A first part of the cells freated
with CRISPR/Cpf1-NLS and GFP-NLS complex were incubated for 48 hours in T cell medium before flow cytometry and T7E1
analysis. The second part of cells were cenfrifugated and resuspended in PBS with 1% serum. GFP positive (+) and GFP negative
() cells were separated using cell sorters based on the fluorescence signal and fractions were collected and incubated for 48 hours
in T cell medium before flow cytometry and T7E1 analysis.

Resuilts are shown in Figs. 58A-58F, in which quadrant 1 (Q1) represents cells that are HLA-positive (non-genome edited)
and GFP-negative; quadrant 2 (Q2) represents cells that are HLA-positive (non-genome edited) and GFP-pesitive; quadrant 3 (Q3)
represents cells that are HLA-negative (successfully genome edited) and GFP-positive; and quadrant 4 (Q4) represents cells that
are HLA-negative (successfully genome edited) and GFP-negative. Flow cytometry results based on cell size and granularity using
respectively the Forward Scatter (FSC) and the Side Scatter (SSC) parameters showed that co-delivery of GFP-NLS and
CRISPR/Cpf1 systems under the tested conditions did not significantly affect the viability of the transduced T cells (data not shown).

As shown in Fig. 58A, “untreated” negative control cells not exposed to the peptide shuttle agent, GFP, nor CRISPR/Cpf1
resulted in 99% of cells in Q1 (non-genome edited, GFP-negative). Fig. 58B shows that cells exposed to the peptide FSD18 (15
M) and CRISPR/Cpf1 in the absence of GFP-NLS resulted in 10.1% of cellsin Q4 —i.e., being HLA-negative (successfully genome-
edited) and GFP-negative. Fig. 58C shows that cells exposed to both GFP-NLS and CRISPR/Cpf1 in the presence of the peptide
FSD18, resulted in 65.7% (54.4% + 11.3%) GFP-positive cells in Q2 + Q3, and 11.7% (0.441% + 11.3%) HLA-negative cells
(successfully genome-edited) in Q3 + Q4. Comparing Figs. 58B and 58C, the presence or absence of GFP was not found to
significantly increase overall genome editing efficiency (10.1% versus 11.7% of HLA-negative cells). Surprisingly, it was observed
that over 96% of genome-edited cells (HLA-negative) were GFP-positive as well [Fig. 58C, Q3/(Q3 + Q4)]. 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). Strikingly, the proportion of genome-edited (HLA-negative) cells in the GFP-negative fraction (Fig. 58E) was less than 0.1%.

Each cell fraction was then subjected to the T7E1 cleavage assay as described in Example 13.4, and the different samples
were subjected to agarose gel slectrophoresis. 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, which indicate the successful transduction of fully functional CRISPR/Cpf1-NLS genome
ediing complexes. As can be seen in Fig. 58G, the GFP-positive cell fractions (‘GFP+cells”; lane 4) had increased genome-editing
efficiency as compared to cells before sorting (‘no cell sorting’; lane 3). Peptide FSD18 and the CRISPR/Cpf1-NLS complex with
GFP-NLS (lane 3) and without GFL-NLS (lane 2) showed the same genome editing level, indicating that the addition of GFP-NLS
does not affect the transduction process. GFP-negative cell fractions (lane 5), and negative control (‘untreated”; lane 1) demonstrated
no detectable genome editing.
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1.2 Further enrichment of genome-edited T cells by FACS following co-transduction of CRIPSR/Cpf1-NLS and GFP-
NLS

The experiment described in Example 1.1 was repeated on activated T cells using 12 uM or 15 uM of the peptide FSD18,
Since both concentrations of FSD18 produced similar results, only the results using 15 uM of FSD18 are shown herein. Flow
cytometry results based on cell size and granularity using respectively the Forward Scatter (FSC) and the Side Scatter (SSC)
parameters showed that co-delivery of GFP-NLS and CRISPR/Cpf1 systems under the tested conditions did not significantly affect
the viability of the fransduced T cells (data not shown).

Figs. 589A and 59B, show the results of “untreated’ negative control cells not exposed to the peptide shutle agent, GFP,
nor CRISPR/Cpf1, which were analyzed by flow cytometry for GFP fluorescence (Fig. §9A) and cell surface HLA expression (Fig.
59B). T cells were co-fransduced with both GFP-NLS and CRISPR/Cpf1 via the peptide FSD18 (15 uM) and sorted based on their
fluorescence signal, and cell fractions were collected and incubated for 48 hours. The resulting fraction of cells sorted for GFP
fluorescence distribution is shown in Fig. 59C. The two gates in Fig. 59C indicate the fraction of cells that were considered to be
GFP-positive ("GFP+"; 93.2%) and the sub-fraction of cells that were considered as exhibiting high GFP fluorescence (‘GFP high”;
33.1%). Fluorescence-activated cell sorting analysis was performed to quantify the level of cell surface HLA expression in cells
considered to be GFP-positive (Fig. 59D) as compared fo cells considered as exhibiting high GFP fluorescence (Fig. 59E). As can
be seen in Fig. 59D, 21.8% of GFP-positive cells were HLA-negative (successiully genome-edited), whereas this value rose to a
striking 41.6% amongst cells exhibiting high GFP fluorescence (Fig. 59E). Thus, the proportion of successfully genome-edited (HLA-
negative) cells increased with the fluorescence level of the fluorescent protein marker (GFP-NLS).

The above co-fransduction experiment was repeated using 12 pM or 15 uM FSD18, followed by fluorescence-activated
cell sorting into GFP-positive and GFP-negative cell fractions. Each fraction was subjected to the T7E1 cleavage assay as described
in Example 13.4, and the different samples were subjected to agarose gel electrophoresis. Consistent with the results of the flow
cytometry experiments described above, the results from T7E1 cleavage assays showed that the GFP-positive cell fractions had
increased genome-editing efficiency as compared to in the GFP-negative cell fractions (data not shown).

1.3 Enrichment of genome-edited THP-1 cells by FACS following co-transduction of CRIPSR/Cpf1-NLS and GFP-NLS

The experiments performed in Examples 1.1 and 1.2 were reproduced in THP-1 cells with similar results. Co-transduction
of CRIPSR/Cpf1-NLS and GFP-NLS in the presence 2 uM FSD18, followed by fluorescence-activated cell sorting of GFP-positive
cells resulted in a significant enrichment of genome edited cells (data not shown).

1.4 Successful subsequent transduction of previously sorted GFP-negative cells

This example shows that untransduced cells following a first round of transduction with a peptide shuttle agent are not
necessarily refractory to subsequent transductions.

T cells obtained as described in Example 1.1 were subjected to afirst fransduction by co-incubation of FSD18 (10 uM) and
GFP-NLS (20 uM) for 90 sec before washing and incubation at 37°C. The “untreated” negative control cells showed no GFP signal
(Fig. 60A). Cell sorting was performed 18 h after GFP-NLS transduction. GFP-positive and GFP-negative cells were separated using
cell sorters based on the fluorescence signal (see Fig. 60B), and GFP-negative cells were harvested and isolated (see Fig. 60C). A
second GFP-NLS transduction was performed on the GFP-negative T cell population using the same protocol as the first
transduction. GFP-NLS transduction was analyzed by flow cytometry as previously described 18 h later and GFP-positive cells were
scored by flow cytomefry. The results from this second transduction are shown in Fig. 60D, in which the GFP-NLS transduction
efficiency was found to be 60.6%.

These results indicate that untransduced cells following a first round of transduction with a peptide shuttle agent are not
necessarily refractory to subsequent fransductions, and that overall fransduction efficiency in a starting cell population may be
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increased by repeated successive transduction experiments on the untransduced cell fraction. This method of repeated successive
transduction experiments, along with the co-transduction results presented in Examples 1.1,1.2 and 1.3, suggest an attractive method
for increasing genome editing efficiency in valuable cell populations (e.g., patient-derived cells for cell therapy), and/or in cell
populations that are inherently more difficult to transduce.
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CLAIMS:

1. A method for delivering a polypeptide cargo from an extracellular space to the cytosol and/or nucleus of a target eukaryotic
cell, said method comprising contacting the target eukaryotic cell with the polypeptide cargo in the presence of a shultle agent at a
concentration sufficient to increase the transduction efficiency of said polypeptide cargo, as compared to in the absence of said
shuttle agent, wherein said shuttle agent is
(1) apeptide at least 20 amino acids in length comprising
(2)  an amphipathic alpha-helical motif having a positively-charged hydrophilic outer face, and
(3) ahydrophobic outer face,
wherein at least five of the following parameters (4) to (15) are respected;
(4)  the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacentL, I, F, V, W, and/or
M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation
of the alpha-helix having 3.6 residues per turn;
) the peptide has a hydrophobic moment () of 3.5to 11;
) the peptide has a predicted net charge of at least +4 at physiological pH;
) the peptide has an isoelectric point (pl) of 8 to 13;
) the peptide is composed of 36% to 65% of any combination of the amino acids: A, C, G, I, L, M, F, P, W, Y, and V,
) the peptide is composed of 0% to 30% of any combination of the amino acids: N, Q, S, and T,
0) the peptide is composed of 35% to 85% of any combination of the amino acids: A, L, K, or R;
1) the peptide is composed of 15% to 45% of any combination of the amino acids: A and L, provided there being at least
5% of L in the peptide;
(12) the peptide is composed of 20% to 45% of any combination of the amino acids: K and R;
3) the peptide is composed of 0% to 10% of any combination of the amino acids: D and E;
(14) the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R
residues in the peptide (K +R), is less than or equal to 10%; and
(15) the peptide is composed of 10% to 45% of any combination of the amino acids: Q, Y, W, P, I, S, G, V, F, E, D, C, M,
N, T and H.

2. The method of claim 1, wherein the shuttle agent respects at least six, at least seven, at least eight, at least nine, at least
ten, at least eleven, or respects all of parameters (4) to (15).

3. The method of claim 1 or 2, wherein:

(i)  said shuttle agent is a peptide having a minimum length of 20, 21, 22, 23, 24, 25, 26, 27, 28, 23, or 30 amino acids,
and a maximum length of 40, 41, 42, 43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, 60, 65, 70, 80, 90, 100, 110,
120, 130, 140, or 150 amino acids;

(i said amphipathic alpha-helical motif has a hydrophobic moment (u) between a lower limit of 3.5, 3.6, 3.7, 3.8, 3.9,
40,41,42 43,44, 45,46,47,48,49,50,51,52,53 54,55 56,57,58,59,6.0,61,6.2 63,64, 6.5,
6.6,6.7,6.8,6.9, 7.0, and an upper limit of 9.5, 8.6, 9.7, 9.8, 9.9, 10.0, 10.1, 10.2, 10.3, 10.4, 10.5, 10.6, 10.7, 10.8,
10.9, or 11.0;

(i)  said amphipathic alpha-helical motif comprises a positively-charged hydrophilic outer face comprising: (a) at least
two, three, or four adjacent positively-charged K and/or R residues upon helical wheel projection; and/or (b) a segment
of six adjacent residues comprising three fo five K and/or R residues upon helical wheel projection, based on an alpha
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helix having angle of rotation between consecutive amino acids of 100 degrees and/or an alpha-helix having 3.6
residues per tumn;

said amphipathic alpha-helical motif comprises a hydrophobic outer face comprising: (a) at least two adjacent L
residues upon helical wheel projection; and/or (b) a segment of ten adjacent residues comprising at least five
hydrophobic residues selected from: L, I, F, V, W, and M, upon helical wheel projection, based on an alpha helix
having angle of rotation between consecutive amino acids of 100 degrees and/or an alpha-helix having 3.6 residues

per turn;

(v)  said hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacent L, I, F, V, W, and/or
M amino acids representing from 12.5%, 13%, 13.5%, 14%, 14.5%, 15%, 15.5%, 16%, 16.5%, 17%, 17.5%, 18%,
18.5%, 19%, 19.5%, or 20%, to 25%, 30%, 35%, 40%, or 45% of the amino acids of the peptide;

(vi) said peptide has a hydrophobic moment (J) between a lower limit of 4.0, 4.1, 4.2, 4.3,4.4,4.5,4.6,4.7,4.8,49, 5.0,
51,562,563, 54,55,566,57,5.8 59,6.0,6.1,6.2,6.3 64,6.5 66,6.7,6.8, 6.9, 7.0, and an upper limit of 9.5, 9.6,
97,9.8,9.9 10.0,10.1,10.2, 10.3, 10.4, or 10.5;

(vii) said peptide has a predicted net charge of between +4, +5, +6, +7, +8, +9, to +10, +11, +12, +13, +14, or +15;

(viii) said peptide has a predicted pl of 10-13; or

(ix) any combination of (i) to (viii).

4, The methed of any one of claims 1 to 3, wherein said shuttle agent respects at least one, at least two, at least three, at least

four, at least five, at least six, or all of the following parameters:

©)

the peptide is composed of 36% to 64%, 37% to 63%, 38% to 62%, 39% 10 61%, or 40% to 60% of any combination
of the amino acids: A, C, G, |,L, M, F, P, W, Y, and V,

the peptide is composed of 1% to 29%, 2% to 28%, 3% to 27%, 4% t0 26%, 5% to 25%, 6% t0 24%, 7% to 23%, 8%
to 22%, 9% to 21%, or 10% to 20% of any combination of the amino acids: N, Q, S, and T,

the peptide is composed of 36% to 80%, 37% to 75%, 38% to 70%, 39% to 65%, or 40% to 60% of any combination
of the amino acids: A, L, K, or R;

the peptide is composed of 15% to 40%, 20% to 40%, 20 to 35%, or 20 to 30% of any combination of the amino
acids; Aand L;

the peptide is composed of 20% to 40%, 20 to 35%, or 20 to 30% of any combination of the amino acids: K and R;
the peptide is composed of 5 to 10% of any combination of the amino acids: D and E;

the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R
residues in the peptide (K +R), is less than or equal to 9%, 8%, 7%, 6%, or 5%; and

the peptide is composed of 15 to 40%, 20% to 35%, or 20% to 30% of any combination of the amino acids: Q, Y, W,
P,1,S,GV,FEDCMN,T,andH.

5. The method of any one of claims 1 to 4, wherein said peptide comprises a histidine-rich domain.

6. The method of claim 5, wherein said histidine-rich domain is:

0)
(i)

positioned towards the N terminus and/or towards the C terminus of the peptide;

is a stretch of at least 3, at least 4, at least 5, or at least 6 amino acids comprising at least 50%, at least 55%, at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 85%, or at least 90% histidine residues; and/or
comprises at least 2, atleast 3, atleast 4, at least 5, at least 6, atleast 7, at least 8, or at least 9 consecutive histidine
residues; or
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7. The methed of any one of claims 1 to 6, wherein said peptide comprises a flexible linker domain rich in serine and/cr glycine

residues.

8. The method of any one of claims 1 to 7, wherein said peptide comprises or consists of the amino acid sequence of.

a) [X1}-[X2Hlinker]{X3]{X4] (Formula 1);
[X1]-[X2]-[linker]-[X4]-[X3] (Formula 2);
[X2]-[X1]-[linker]-[X3]-[X4] (Formula 3);
[X2]-X1]-llinker]-[X4]-[X3] (Formula 4);

(

(

(

(

(o]

[©)

(
(
(
(
( [X3]-[X4]-[linker]-[X1]-[X2] (Formula 5);
)  [X3]-[X4]-llinker]-[X2]-[X1] (Formula 6);
(@  [X4]-[X3]-llinker])-[X1]-[X2] (Formula 7);
(h)  [X4HX3]-linker]-[X2]-[X1] (Formula 8),

wherein:

[X1]is selected from: 2[Q]-1[+-2[P]-1[Q-1[+- ; 2[P]-1[H-2[P]-2[+]- ; 1[H-1P]-1[H-2[P]1[T-1[+]- ; and 1[+H-1[P]-1[+-

2[P-2[+]-;

or

[X2] is selected from: -2[®]-1[+]-2[®]-2[(]- ; -2(P]-1[+]-2[®]-2[+]- ; -2[C]1[+-2[P[+-1[]- ; -2[P}1[+]-2[}-1[T[H- ; -
2[P]-2[H-1[P]-2[+]- ; -2[@]-2[+]-1[P]-2[]-; -2[@-2[+]-1[P]-1[4-1[q]-; and -2[@]-2[+]-1[P]-1[]-1[+]-;

[X3] is selected from: -4[+-A- ; -3[+-C-A- ; 3[+-A-A- ; -2[+-1[D]1[H-A- ; -2[+-1[P]-C-A- ; -2[+-1[D]-A-A- ; or -2[+]-A-
1A 2B AGA | -2[-AAA | A[O]3H-A- -[P]-2[+-G-A- AO]2[H-AA- | A[OH [+ [OH[H-A; -1[D]-
THO-GA; APH[HAPIAA ; A[PHFAHA | AGHHAGA; APH[HAAA  -AAFAAHA; -

A1H-AGA; and -A1[+-AAA:

[X4] is selected from: -1[g-2A-1[+-A ; -1[Q-2A-2[4] ; -1 [+]-2A-1[+-A : [q-2AA[HAG-A ; AGAAGAAR ; -2[+1A

24 ; QLA 2LHAHHAGHA

1145 -2[AG-AA R ABHGAT A -AATG-A2R S 1A

EAGHAE; AL-2GA 10200200 T2 TEHA TE 20 B A B ;102G G AE
Q204 G A; BAFAA[]; G- 2AA (LA 1102820 ; AIG-2AEHIAA D 2k A o

A 2LAGHIA; ALAGA-A

[linker] is selected from: -Gn- ; -Sn-; {(GnSn)n

and -(GnSn)nSn(GnSn)n- ;
wherein:

s 1[+H-2A-1[+H-1[-A-1[4 ; and -1[]-A-1][]-A-1[+] ; and
-+ -(GnSN)nGn- ; -(GNSNNSN- ; (GNSN)NGN(GNSh)n- ;

[®] is an amino acid which is: Leu, Phe, Trp, lle, Met, Tyr, or Val;

[*]is an amino acid which is: Lys or Arg;

[€]is an amino acid which is: Gln, Asn, Thr, or Ser;

A isthe amino acid Alg;
G is the amino acid Gly;
S is the amino acid Ser; and

nis anintegerfrom 1t0 20, 1t019,1t0 18,110 17,110 16, 1t0 15,110 14, 11013, 1t0 12, 1t0 11, 110 10,110 9, 1 to
8, 1to7,1t06, 1105 1to1t04,0r1to3.

9, The method of any one of claims 1 to 8, wherein:
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said peptide is at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identical to the amino acid

sequence of any one of SEQ ID NOs: 104, 105, 107, 108, 110-131, 133-135, 138, 140, 142, 145, 148, 151, 152,

169-242, and 243-10 242; or said peptide comprises or consists of a functional variant of any one of SEQ ID NOs:

104, 105, 107, 108, 110-131, 133-135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10 242,

said peptide:

(8) comprises or consists of the amino acid sequence of any one of SEQ ID NOs: 104, 105, 107, 108, 110-131,
133-135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10 242

(b) comprises the amino acid sequence motifs of SEQ ID NOs: 158 and/or 159; or
(¢) comprises the amino acid sequence motif of SEQ ID NO: 158 operably linked to the amino acid sequence
motif of SEQ ID NO: 159; or
(i) both (i) and (ii).
10. The method of any one of claims 1 to 9, wherein the peptide comprises an endosome leakage domain (ELD), and/or a cell
penetrating domain (CPD).
1. The method of claim 10, wherein:
(i)  said ELD is or is from: an endosomolytic peptide; an antimicrobial peptide (AMP); a linear cationic alpha-helical
antimicrobial peptide; a Cecropin-A/Melittin hybrid (CM series) peptide; pH-dependent membrane active peptide
(PAMP); a peptide amphiphile; a peptide derived from the N terminus of the HA2 subunit of influenza hemagglutinin
(HA); CM18; Diphtheria toxin T domain (DT); GALA; PEA; INF-7; LAH4; HGP; HSWYG; HA2, EB1; VSVG;
Pseudomonas toxin; melittin; KALA; JST-1; C(LLKK):C; G(LLKK)sG; or any combination thereof;
(i said CPD is or is from: a cell-penetrating peptide or the protein transduction domain from a cell-penetrating peptide;
TAT; PTD4; Penetratin (Antennapedia); pVEC; M918; Pep-1; Pep-2; Xentry; arginine stretch; transportan; SynB1;
SynB3; or any combination thereof; or(jii) both (i) and ii).
12, The method of claim 10 or 11, wherein said peptide comprises:
(@) an ELD comprising the amino acid sequence of any one of SEQ ID NOs: 1-15, 63, or 64, or a variant or fragment
thereof having endosomolytic activity;
(b)  aCPD comprising the amino acid sequence of any one of SEQ ID NOs: 16-27 or 65, or a variant or fragment thereof
having cell penetrating activity; or
(¢) both (a)and (b).
13. The method of any one of claims 10 to 12, wherein;

0)

(i)

(i)

said peptide comprises an ELD which is CM18, KALA, or C(LLKK)sC having the amino acid sequence of SEQ ID
NO: 1, 14, or 63, or a variant thereof having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95%
identity to SEQ ID NO: 1, 14, or 63, and having endosomolytic activity;

wherein said peptide comprises a CPD which is TAT or PTD4 having the amino acid sequence of SEQ ID NO: 17
or 65, or avariant thereof having at least 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity to SEQ
ID NO: 17 or 85 and having cell penetrating activity; or

both (i) and (ii).
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14, The method of any one of claims 1 to 9, wherein said peptide comprises the amino acid sequence of any one of SEQ ID
NOs: 57-59, 66-72, or 82-102, or a functional variant thereof having at least 85%, 90%, or 95% identity to any one of SEQ ID NOs:
57-59, 66-72, or 82-102.

15. The method of any one of claims 1 to 14, wherein:
(i)  said shuttle agent is completely metabolizable by the target eukaryotic cell; and/or
(i  contacting the target eukaryotic cell with the polypeptide cargo in the presence of the shuttle agent at said
concentration results in an increase in the transduction efficiency of said polypeptide cargo by at least 10-fold, 20-
fold, 30-fold, 40-fold, 50-fcld, or 100-fold, as compared fo in the absence of said shuttle agent.

16. The method of any one of claims 1 to 15, which is an in vitro method.

17. A synthetic peptide shutfle agent which is the peptide as defined in any one of claims 1 to 15.

18. The synthetic peptide of claim 17, which is a peptide between 20 and 100 amino acids in length comprising the amino acid
sequence of any one of SEQ ID NOs: 104, 105, 107, 108, 110, 111, 112, 113, 114, 115, 116, 117, 118, 119, 120, 121, 122, 123,
124, 125, 126, 127, 128, 129, 130, 131, 133, 134, 135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10 242; or comprises
the amino acid sequence metifs of SEQ ID NOs: 158 and/or 159,

19. The synthetic peptide shuttle agent of claim 17 or 18 for use in delivering a polypeptide cargo from an extracellular space
to the cytosol and/or nucleus of a target eukaryotic cell in vifro, wherein the synthetic peptide shuttle agent is used at a concentration
sufficient to increase the transduction efficiency of said polypeptide cargo, as compared to in the absence of said synthetic peptide
shuttle agent..

20. The synthetic peptide shuttle agent of claim 17 or 18 for use in delivering a polypeptide cargo from an extracellular space
to the cytosol and/or nucleus of a target eukaryotic cell in vivo, wherein the synthetic peptide shuttle agent is used at a concentration
sufficient to increase the fransduction efficiency of said polypeptide cargo, as compared to in the absence of said synthetic peptide
shuttle agent.

21, A composition comprising the shuttle agent as defined in any one of claims 1 to 15, or a cocktail of at least 2, at least 3, at
least 4, or at least 5 different types of the shuttle agents as defined in any one of claims 1 to 15, and a polypeptide cargo to be
delivered from an extracellular space to the cytosol and/or nucleus of a target eukaryotic cell.

22, Use of the shuttle agent as defined in any one of claims 1 to 15, or the synthetic peptide as defined in claim 18, for delivering
a polypeptide cargo from an extracellular space to the cytoscl and/or nucleus of a target eukaryotic cell, wherein the shuttle agent or
synthetic peptide is used at a concentration sufficient to increase the transduction efficiency of said polypeptide cargo, as compared
to in the absence of said shuttle agent or synthetic peptide.

23, A kit for delivering a polypeptide cargo from an extracsllular space to the cytosol andfor nucleus of a target eukaryotic cell,

said kit comprising the shuttle agent as defined in any one of claims 1 to 15, or the synthetic peptide as defined in claim 18, and a
suitable container.
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24, The methed of any one of claims 1 to 16, the synthetic peptide shultle agent of any one of claims 17 to 20, the composition
of claim 21, the use of claim 22, or the kit of claim 23, wherein said polypeptide cargo lacks a cell penetrating domain.

25, The methed of any one of claims 1 to 16, the synthetic peptide shultle agent of any one of claims 17 to 20, the composition
of claim 21, the use of claim 22, or the kit of claim 23, wherein said polypeptide cargo comprises a cell penetrating domain.

26. The method of any one of claims 1 to 16, 24 or 25, the synthetic peptide shuttle agent of any one of claims 17 to 20, 24 or
25, the composition of any one of claims 21, 24 or 25, the use of any one of claims 22 to 25, wherein said polypeptide cargo comprises
a subcellular targeting domain.

21. The method, the synthetic peptide shuttle agent, composition, use, or kit of claim 26, wherein said subcellular targeting
domain s

a) anuclear localization signal (NLS);

b) anucleolar signal sequence;

(
(
(
(

c) amitochondriel signal sequence; or
d) aperoxisome signal sequence.
28. The method, the synthetic peptide shuttle agent, composition, use, or kit of claim 27, wherein:

(@) said NLS isfrom: E1a, T-Ag, c-myc, T-Ag, op-T-NLS, Vp3, nucleoplasmin, histone 2B, Xenopus N1, PARP, PDX-1,
QKI-5, HCDA, HZB, v-Rel, Amida, RanBP3, Phodp, LEF-1, TCF-1, BDV-P, TR2, SOX9, or Max;

{b)  said nucleolar signal sequence is from BIRC5 or RECQL4;
(¢) said mitochondrial signal sequence is from Tim9 or Yeast cytochrome ¢ oxidase subunit IV; or
(d) said peroxisome signal sequence is from PTS1.
29, The method, the synthetic peptide shuttle agent, composition, use, or kit of any one of claims 24 to 29, wherein said

polypeptide cargo is complexed with a DNA and/or RNA molecule.

30. The method, the synthetic peptide shuttle agent, composition, use, or kit of any one of claims 24 to 29, wherein said
polypeptide cargo is a transcription factor, a nuclease, a cytokine, a hormone, a growth factor, an antibody, a peptide cargo, an
enzyme, an enzyme inhibitor, or any combination thereof.

3. The method, the synthetic peptide shuttle agent, composition, use, or kit of claim 30, wherein:

(a) said transcription factor is; HOXB4, NUP98-HOXAS, Oct3/4, Sox2, Sox3, Klf4, c-Myc, MyoD, Pdx1, Ngn3, MafA,
Blimp-1, Eomes, T-bet, FOXO3A, NF-YA, SALL4, ISL1, FoxA1, Nanog, Esrrb, Lin28, HIF1-alpha, HIf, Runx1t1, Pbx1,
Lmo?2, Zfp37, Prdmb, Bal-6, or any combination thereof;

(b) said nuclease is a catalytically active or catalytically dead: RNA-guided endonucleass, CRISPR endonuclease, type
| CRISPR endonuclease, type Il CRISPR endonuclease, type Ill CRISPR endonuclease, type IV CRISPR
endonuclease, type V CRISPR endonuclease, type VI CRISPR endonuclease, CRISPR associated protein 9 (Cas9),
Cpf1, CasY, CasX, zinc-finger nuclease (ZFNs), Transcription activator-like effector nucleases (TALENS), homing
endonuclease, meganuclease, DNA-guided nuclease, Natronobacterium gregoryi Argonaute (NgAgo), or any
combination thereof;

() said antibady recognizes an intracellular antigen; and/or
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(d) said peptide cargo recognizes an intracellular molecule.

32, The methed, the synthetic peptide shuttle agent, composition, use, or kit of any one of claims 24 to 31, for use in cell therapy,
genome editing, adoptive cell transfer, and/or regenerative medicine.

33, The method, the synthetic peptide shuttle agent, composition, use, or kit of any one of claims 24 to 32, wherein said target
eukaryotic cell is an animal cell, a mammalian cell, a human cell, a stem cell, a primary cell, an immune cell, a T cell, an NK cell, or
a dendritic cell.

3. A eukaryotic cell comprising the shuttle agent as defined in any one of claims 1 to 15, the synthetic peptide shuttle agent
as defined in claim 18, or the composition as defined in claim 21.

35. The eukaryotic cell of claim 34, which is an animal cell, a mammalian cell, a human cell, a stem cell, a primary cell, an
immune cell, a T cell, an NK call, or a dendritic cell.

36. A method for delivering one or more CRISPR-associated endonucleases alone or with one or more corresponding guide
RNA andfor linear DNA templates, to a target eukaryotic cell, said method comprising contacting the target eukaryotic cell with the
endonuclease in the presence of a shuttle agent at a concentration sufficient to increase the transduction efficiency of said
endonuclease, as compared to in the absence of said shuttle agent, wherein said shuttle agent is as defined in any one of claims 1
to 15.

37. The method of claim 36, which is an in vifro method, or an in vivo method.

38. The method of claim 36 or 37, wherein said one or more endonuclease is: a type | CRISPR endonuclease, a type Il CRISPR
endonuclease, a type Ill CRISPR endonuclease, a type IV CRISPR endonuclease, a type V CRISPR endonuclease, a type VI
CRISPR endonucleass, or any combination thereof.

39. The method of claim 36 or 37, wherein said one or more endonuclease is CRISPR associated protein 9 (Cas9), Cpfi,
CasX, CasY, or any combination thereof; or a catalytically dead CRISPR associated protein 9 (dCas9), dCpf1, dCasX, dCasY, or
any combination thereof.,

40. The method of any one of ¢claims 36 to 39, wherein said target eukaryotic cell is an animal cell, a mammalian cell, a human
cell, a stem cell, a primary cell, animmune cell, a T cell, an NK cell, or a dendritic cell.

41, The method of claim 58, wherein said one or more corresponding guide RNA and/or linear DNA template targets one or
more genes to reduce the immunogenicity, improve cytotoxicity, andfor otherwise improve the effectiveness of the target eukaryotic
cell for cell-based therapy, as compared to a corresponding parent eukaryotic cell that has not been subjected to said method.

42, The method of claim 41, wherein said cell-based therapy is cell-based cancer immunotherapy.

43, The methed of any one of claims 40 to 42, wherein said one or more corresponding guide RNA and/or linear DNA template
targets the CBL B gene, ¢c-CBI gene, GSK3 gene, ILT? gene, CISH gene, NKGZa gene, B2M gene, or any combination thereof,
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44, A method for preducing a synthetic peptide shuttle agent that delivers a polypeptide cargo from an extracellular space to

the cytosol and/or nucleus of a target eukaryotic cell, said method comprising synthesizing a peptide which is;

(1)
@)
©)

a peptide at least 20 amino acids in length comprising
an amphipathic alpha-helical matif having a positively-charged hydrophilic outer face, and
a hydrophobic outer face,

wherein at least five of the following parameters (4) to (15) are respected:

(4)

the hydrophobic outer face comprises a highly hydrophobic core consisting of spatially adjacentL, |, F, V, W, and/or
M amino acids representing 12 to 50% of the amino acids of the peptide, based on an open cylindrical representation
of the alpha-helix having 3.6 residues per turn;

the peptide has a hydrophobic moment (u) of 3.5 to 11;

the peptide has a predicted net charge of at least +4 at physiological pH;

the peptide has an isoelectric point (pl) of 8 to 13;

the peptide is composed of 35% to 65% of any combination of the amino acids: A, C, G, I, L, M, F, P, W, Y, and V;
the peptide is composed of 0% to 30% of any combination of the amino acids: N, Q, S, and T;

) the peptide is composed of 35% to 85% of any combination of the amino acids: A, L, K, or R;
) the peptide is composed of 15% to 45% of any combination of the amino acids: A and L, provided there being at least

5% of L in the peptide;

the peptide is composed of 20% to 45% of any combination of the amino acids: K and R;

the peptide is composed of 0% to 10% of any combination of the amino acids: D and E;

the difference between the percentage of A and L residues in the peptide (% A+ L), and the percentage of K and R
residues in the peptide (K +R), is less than or equal to 10%; and

the peptide is composed of 10% to 45% of any combination of the amino acids: Q, Y, W, P, I, S, G, V, F, E, D, C, M,
N, T, and H.

45, The method of claim 44, wherein the peptide is as defined in any one of claims 2 to 15.

46, A method for identifying a shuttle agent that delivers a polypeptide cargo from an extracellular space to the cytosol and/or
nucleus of a target eukaryotic cell, said method comprising:

(@) synthesizing a peptide which is the peptide as defined in any one claims 1 to 15 or 18;
(b)  contacting the target eukaryotic cell with the polypeptide cargo in the presence of said peptide;
(¢) measuring the transduction efficiency of the polypeptide cargo in the target eukaryotic cell; and
(d) identifying the peptide as being a shuttle agent that transduces the polypeptide cargo, when an increase in the
transduction efficiency of said polypeptide cargo in the target eukaryotic cell is observed.
47, The method of claim 46, wherein said polypeptide cargo is as defined in any one of claims 24 to 31.
48, A genome editing system comprising:
(@) the shuttle agent as defined in any one claims 1 to 15 or 18;
(b)  one or more CRISPR-associated endonucleases; and
(c) one ormore guide RNAs.
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49, The genome editing system of claim 48, further comprising a linear DNA template for controlling the genome editing.

50. The genome editing system of claim 48 or 49, wherein said one or more CRISPR-associated endonucleases is: a type |
CRISPR endonuclease, atype || CRISPR endonuclease, a type lll CRISPR endonuclease, a type [V CRISPR endonuclease, a type
V CRISPR endonuclease, a type VI CRISPR endonuclease, CRISPR associated protein 9 (Cas9), Cpf1, CasX, CasY, or any
combination thereof.

51. A method for enriching eukaryotic cells transduced with a polypeptide cargo of interest, said method comprising:
(@) co-transducing a target eukaryotic cell population with a polypeptide cargo of interest and a marker protein; and
(b) isolating or concenirating eukaryotic cells transduced with the marker protein, thereby enriching eukaryotic cells
transduced with the polypeptide cargo of interest,

52. The method of claim 51, wherein:

(i)  the marker protein is not covalently bound to the polypeptide cargo of interest, the marker protein is covalently bound
to the polypeptide cargo of interest, the marker protein is non-covalently bound to the polypeptide cargo of interest,
or the marker protein is covalently bound to the polypeptide cargo of interest via a cleavable linker; and/or

(i the marker protein comprises a detectable label, or the marker protein is a fluorescent protein, a fluorescently-labeled
protein, a bicluminescent protein, an isotopicallylabelled protein, or a magnetically-labeled protein.

53, The method of claim 51 or 52, wherein the intracellular concentration of the transduced marker protein is positively
correlated with the intracellular concentration of the transduced polypeptide cargo of interest.

54, The method of any one of claims 51 to 53, wherein the eukaryotic cells transduced with the marker protein are isolated or
concentrated using flow cytometry, flucrescence-activated cell sorting (FACS), or magnetic-activated cell sorting (MACS).

55. The method of any one of claims 51 to 54, wherein the eukaryotic cells transduced with the marker protein are isolated or
sorted from cells lacking the marker protein, thereby producing a marker protein-positive cell population and/or a marker protein-
negative cell population.

56. The method of claim 55, further comprising repeating steps (a) and (b), one or mare times, on the marker protein-negative
cell population, on the marker protein-positive cell population, or on both the marker protein-negative and the marker protein-positive
cell populations.

57. The method of any one of claims 51 to 56, wherein the eukaryotic cells transduced with the marker protein are isolated or
sorted based on their intracellular concentration of the marker protein.

58, The method of any one of claims 51 to 57, wherein the marker protein is a protein that stimulates cell proliferation, a protein
that stimulates cell differentiation, a protein that promotes cell survival, an anti-apoptotic protein, or a protein having another biological
activity.

59. The method of any one of claims 51 to 58, wherein the polypeptide cargo of interest and the marker protein are co-
transduced by contacting the target eukaryotic cell with the polypeptide cargo and the marker protein in the presence of a peptide
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transduction agent, wherein the peptide transduction agent is present at a concentration sufficient to increase the fransduction
efficiency of the polypeptide cargo and the marker protein, as compared to in the absence of said peptide transduction agent.

60. The method of claim 59, wherein:
5 (a) the peptide transduction agent is an endosomolytic peptide;

(b) the peptide transduction agent is or comprises the synthetic peptide shuttle agent as defined in claim 17 or 18;

(c) the target eukaryotic cells comprise animal cells, mammalian cells, human cells, stem cells, primary cells, immune
cells, T cells, NK cells, or dendritic cells;

(d) the polypeptide cargo of interest is: (i) the polypeptide cargo as defined in any one of claims 24 to 31; and/or (i) one

10 or more CRISPR-associated endonucleases alone or with one or more corresponding guide RNA andfor linear DNA

templates as defined in any one of claims 38 to 43; or

(e) any combination of (a) to (d).

15
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Box No. IT Observations where certain claims were found unsearchable (Continuation of item 2 of the first sheet)
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1. [ Claim Nos.:
because they relate to subject matter not required to be searched by this Authority, namely:

2. ¥ Claim Nos.: 1-8, 10,11, 15-17, and 19-60
because they relate to parts of the international application that do not comply with the prescribed requirements to such an extent that no
meaningful international search can be carried out, specifically:

See additional sheet

3. [] Claim Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

See additional sheet.

1. ] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable claims.

2. 7] Asall searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of additional
fees.

3. [T Asonly some of the required additional search fees were timely paid by the applicant, this international search report covers only those
claims for which fees were paid, specifically claim Nos.:

4. |w] No required additional search fees were timely paid by the applicant. Consequently, this international search report is restricted to the
invention first mentioned in the claims; it is covered by claim Nos.: 9 and 18, partially (see additional sheet)

Remark on Protest [*1 The additional search fees were accompanied by the applicant’s protest and, where applicable, the payment of

a protest fee.

[~] The additional search fees were accompanied by the applicant's protest but the applicable protest fee was not
paid within the time limit specified in the invitation.

I”]  No protest accompanied the payment of additional search fees.
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Continuation of Box II

The International Searching Authority has not carried out a search for claims 1-8, 10, 11, 15-17, and 19-60, under Article 17(2)(b) of the PCT.
The description, claims, and/or drawings fail to comply with the prescribed requirements to such an extent that a meaningful search could not be
carried out. Claims 1-9, 10, 11, 15-17, and 19-60 so lack support that a meaningful search over the whole of the claimed scope is impossible.
The aforementioned claims encompass a vast array of potential peptide shuttle agents, not all of which are fully supported by the description.
The description discloses peptide shuttle agents designed according to the design rationale of the above claims but which were demonstrated in
the description to lack utility. See Table C3 and, in particular, the data for peptides FSD30, FSD33, FSD35, FSD38, FSD39, and FSD42. Each
of these peptides was shown to lack utility as a shuttle agent yet is encompassed by the shuttle agents defined in claims 1-9, 10, 11, 15-17, and
19-60. The above claims therefore lack support over their full scope and fail to comply with the prescribed requirements to such an extent that
a meaningful search could not be carried out. Consequently, the search has been established for the parts of the application which appear to be
clear and supported, namely, the remaining claims 9, 12-14 and 18.

Continuation of Box 111

As reported in form PCT/ISA/206, claims 9, 12-14 and 18 are directed to a plurality of inventive concepts as follows:

Group 1 - Claims 9 and 18, partially, directed to methods for delivering a polypeptide into a eukaryotic cell by contacting the cell with the
polypeptide in the presence of a shuttle peptide, wherein said shuttle peptide is the amino acid sequence of SEQ ID NO: 108, 119, 121, 122, 123,
125, or 126, or comprises the amino acid sequence motif of SEQ ID NOs: 158 or 159;

Groups 2 — 10,104 — Claims 9 and 18, partially, directed to methods for delivering a polypeptide into an eukaryotic cell by contacting the cell
with the polypeptide in the presence of a shuttle peptide, wherein said shuttle peptide is the amino acid sequence of SEQ ID NOs: 104-105, 107,
110-118, 120, 124, 127-131, 133-135, 138, 140, 142, 145, 148, 151, 152, 169-242, and 243-10,242, respectively;

Groups 10,105 - 10,133 — Claims 12 and 13, each partially, directed to methods for delivering a polypeptide into a eukaryotic cell by contacting
the cell with the polypeptide in the presence of a shuttle peptide, wherein said shuttle peptide comprises either an endosome leakage domain
(ELD) or a cell penetrating domain (CPD) comprising the amino acid sequence of SEQ ID NOs: 1-27 and 63-65, respectively;

Groups 10,134 — 10,164 — Claim 14, partially, directed to methods for delivering a polypeptide into a eukaryotic cell by contacting the cell with
the polypeptide in the presence of a shuttle peptide, wherein said shuttle peptide comprises the amino acid sequence of SEQ ID NOs: 57-59,
66-72, and 82-102, respectively.

Since no additional search fees were paid, this search report was limited to the subject matter defined by Group 1: methods for delivering a
polypeptide into a eukaryotic cell by contacting the cell with the polypeptide in the presence of a shuttle peptide, wherein said shuttle peptide is
the amino acid sequence of SEQ ID NO: 108, 119, 121, 122, 123, 125, or 126, or comprises the amino acid sequence motif of SEQ ID NOs: 158
or 159.
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